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WeAUKEREAWND [ 0001] The present Application foprCPalsSem/ 042783
clainms priority to Provisional Application No.
60/ 531, 241, entitled "Low Power Wreless Diversity
Receiver with Multiple Receivé Paths" filed Decenber
18, 2003, and assigned to the assignee hereof and
her eby expressly incorporated by reference herein. 1.
LOWLPOWER] WIRELESS rDIVERS\ITYfRE@EIVERGWFHH!MULTIPLE
to electronics, and MORECR to a diversity
recei ver for wirel ess connunlca . Background
[0003] In a wireless connunlcatlon systen1 a
transmtter nodul ates data onto a radio frequency
(RF) carrier signal to égﬁggﬁﬂgoﬁﬁth nodul at ed si gna
that is nore suitable for transm ssion. The
transmtter then transmts the RF nodul ated signal via
[00813v r &l I&qﬁe@hampplication far Patewti ol&ims pHoeity tcaBsivisidradl Application No.

6033 bR Rt “EapHoves Yiiciest TiviisTtsRecpight WERYU Aty Riesive Peths”
fildeDeeGhIRG PRt D603, IhE SHMACIEThStds§ ngné?:f hERBFf and, hereby expressly

propagation paths may vary over ti due to various
incptporaterbiareferencederdindi ng and nul ti path. Consequently,

the transmtted signal may experience different

channel conditions and may be received with different
I. ampkjeigides and/or phases over tine. [0004] To provide

di versity against deleterious path effects, nultiple
[00821 ende presenbnvenedrdldges paerally tohededR®Nive dardaer: specifically to a

. signal | east one propagation path typically exists
mvﬁ@&%@%ﬁ“@ﬁ@“‘Wﬁ H@W@@Wﬁg N-and each of the receive
antennas. If the propagation paths for different

recei ve antennas are i ndependent, which is generally
ILtruBaHanunﬂeast an extent, then di versity increases

e rec ved si qual it roves when. nul
[00§5f enfad ‘é{tf e8% & e@e BYse ’h% RSIRGGE mtﬂléﬁt%% é@ﬁ&onto a radio
fretR&QQy%kRﬁ) Bt mggttetergenseeemu: ﬁQ&\MEt@H's%% tnér RamoRNSuitable for

recei’ver processing path (or sinply, “receive
trarpati$sion. f bre wasmitectbe trazsmitsrtha RFEacdulated signel yatahwireless channel

L R R o RGN LAY S—
pathy @SLSSlirk-6fe6i Shtvsth WA/ S0AEQEHSkRs) PG RrAQ0dH 4 B8 8he propagation
paths may vary over time due to various phenomena such as fading and multipath.
Consequently, the transmitted signal may experience different channel conditions and may be
received with different amplitudes and/or phases over time.

[0004] To provide diversity against deleterious path effects, multiple antennas may be
used to receive the RF modulated signal. At least one propagation path typically exists
between the transmit antenna and each of the receive antennas. If the propagation paths for
different receive antennas are independent, which is generally true to at least an extent, then
diversity increases and the received signal quality improves when multiple antennas are used
to receive the RF modulated signal.

[0005] A multi-antenna receiver conventionally has one RF receiver processing path (or
simply, “receive path”) for each receive antenna. Each receive path includes various circuit

blocks (e.g., amplifiers, filters, mixers, and so on) used to condition and process a received



signal from an associ ated antenna. The circuit bl ocks

are designed to neet various system requirenents such
wagodsioaeasi ty, dynam ¢ range, sensitivity, outPoTAIS20d/042783

rejection, and so on, as is known in the art. In

conventional diversity receiver designs, the receive

path is typically replicated2for each receive

antenna. The replication of the receive paths with
sighalefiidm cal assaiidted niiteynd. e$hé tcuinblockhae ctamgﬁed to meet various system

consunption, | arger area, and hi gher, cost r the |
TEGRFPRIFDLS SRR %L\nm. BRI G SRR . A of Ea%i Feqbion, and so on,
o e Sy Py e path o ypically
repliahtkd tiormeadietecen dutrnar y The ecplaages of [tDOGedei ih paths iveith identical
c1rcf:u2€‘{§lef g 1fa1 é{]ﬁ%&@r\}/eﬁ %ﬁ%&}ﬁ%%%ﬁg%ﬁgmpgbgg E:gst er the multi-
antEﬁr?aefe\éQiR/eIh ayli StwBRA hr® @M HSABRC CFdiSa P681E BAELIGRT®NIke, the higher
he dlver3|ty recei ver includes two Oor nore receive
powat trgsumaton edventelyx fmpactdsendnatiod aad raduqss itathrtimebetween battery
econdary receive path. A primary receive path is
“mﬁ Tiant with applicable systemrequirenents (e.g.,
[0008] 98 Irhegshi¥aRaOore S0ddtindh®sirt o QMR- FoReb IdTveREIt 18 deived.
secondary receive path is designed for |ow power but
is not fully conpliant with the system requirenents.
For exanpl e, the secondarg path may be
designed to neet requirenents or dynam c range and

[O(EE]TSI tA Motvypoer di]mrsﬂ}o recedvet aiamngugoodf pdrfurthaned éctlesefibed herein.
| arge anplitu jammers", which are undesired

of
The dyiesmty ToeR S ARCIBACS D QIR ARPRFC BithAsgh 6 phichrilesignated as a
[ e
prifa P Secofiflty (EERVE Pul | AiEOREONE Balh [ ChMTarPHih appicable
systane agquarechehBwerg. ,CIﬂ%ﬁSDTh@n&ZﬂOOn GSM caidioe WaCBMArequirements). A

rovi de good erfor nder I o ting .. .
SeCBRSRTY F55HE PaRu P QoSIEIPd fOrAD dinnker PBE ISP Ul FRITRlianiith the system
req@FEneRtEC OFIRT dkabBi& ! UR @@édﬂﬁaﬁﬁ)‘ecl@ﬁleuiﬁﬁ bty be demgned to meet

si mul t aneously process two received signals from
requitementa or dmanmdc singgl andasensitividy buiceotvier cemtdin lpat-of- hmd rejection of

lalr%:r %nnaltégeg‘éﬁ%fﬁ%gsng% %ﬁﬁ%@#&gﬂr&ﬁ%gﬁlgﬁlﬁé@g oiﬁ%ﬁﬁ Slgdnnel of interest.

Théled1@eddeRquitendtit OGRGS the Sbdvabifry 106564 Yad o WNBhplbieibed with lower
one antenna. [0008] In _an exenplary enbodi nent, a

POWEIT QSIEBPIRTY lese aja; lnd Wowereeast-v dhpseemdriseeipp@ath can provide good

per?dé@%ﬂ%&é%%dg? ﬁﬂ)gt J()Hse zgﬁ%cé&)ﬁiﬁgn? Tpg e( {nruﬁf ét?él#am%{r:%ig?r, the primary and

secandiry frécedvedpdihy sy lbramsted 30 gnﬁhltaae@hsw procdgstwid feckivtd signals from
anplified signal and (2) a first downconverter that

twq, AL (0T e gle raRtenBASPIe Vel dien 8 DRNART @lgBReARJATY receive path
mag Be g%lg%tgﬁ,g% ?p‘éﬁa[}iﬂgtogemélgﬁﬁd&%%ge AR DRV A e P t(g H%)%Ess a single

ase secoh dary) receive
lﬁcmnaimgmﬂfﬁﬁﬂoneanﬂmnad anpllf!er that anmplifies a

0035 e A Bl S5 Rl S e o on
freqdficy BERNE @IRiBl ePheSEfD @primary) receive path includes (1) a first amplifier
that amplifies a first input signal and provides a first amplified signal and (2) a first
downconverter that translates the first amplified signal in frequency (e.g., from RF down to
baseband) and provides a first baseband signal. The second (secondary) receive path
includes (1) a second amplifier that amplifies a second input signal and provides a second

amplified signal and (2) a second downconverter that translates the second amplified signal
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provi des a second baseband signal. The first receive
weoabds/oees1conpl i ant with systemrequirenents, BQWUSk®4/042783
second receive path is non-conpliant with sonme or all
of the systemrequirenents. A jamer detector detects
for the presence of large anpPBitude jamers in the
first and/ or second input signal. If only one receive
in frequentp amepdeides b berond beseband signale CBhev@rspeective path is compliant with
selected if jammers are detected and the second
SySterB PQUEremEni, pad 81g EPRTCEVe RAELLS Ro-cfRRIfARt 3 seme or all of the
e [ nal: -
S e A R e R PR T b g ltude jammers
in @RSfirsi @808} sdanilduputasgedt df anty end ochiervenpash of nedved, then the first

i nvention are descri bed i urther. detail . bel ow. .
rocRY R RS o R RO I CRUACINC) B LTSS Gt s selected for
useiShAbMFe At deftBteB! a3 WirdlddY ABYiLE ﬁlawiﬁélu&@mﬁfonﬁr{pfe@eive paths for

apparent from the detail ed description set fort
addit ol fretyeency dkeds dand/ad@fSunction with the draw ngs in
ich l.ike reference characters jdentif i . :
008 0 R PSS RECTERGUE AR VPR HICH g loperiopesim father detil
belohiows a wirel ess conmuni cati on system [0012] FIG 2
shows a single-antenna termnal with two receive
paths; [0013] FIG 3 shows a dual -antenna termn nal

wWith two receh,da: ;
dual - ant enna iérr‘r ?gﬁ:ﬂ%ﬂ%gﬂ;%%@gm t wo

[00M0§ quETiRYfeatnfs’ dind aathréBSthe[f2éskhi infvedlionSwBhieasdm@ more apparent from
dual - pat h receiver with a direct-to-basepband ) . )
thepdletpiladedesgrintion peiofpeh Baley ghamiaken 4n f9RIUNEHeM With the drawings in

whicEARHEferlich (npGUIRRIeTNEY SHREKDRIAES b BRI g VHLA)
[00dl$0 HEGUd eboWwoa witekesslcahmuaithomsystea;mi nal in FIG  3;
18] _.Fl 9 shows. a |l owpass .filter: [0019] FJG 10
(0Hhus HG Zehers Bemglerienta iy v 2610 frw%e_c%ii gfﬁﬁ%s a
[00AB3PCeSHd. 8'sh@RER BEAING YR tdrRER1 VRIHRYNBcdile pathd; el ess
termnal . DETAI LED DESCRI PTI ON [ 0021] The word

[001dk e mpfI6x: ¢ shows usdihl-anienna terminab avith’ §eg vdceiye gatharfor two frequency

exanpl e, instance, or illustration." Any enbodi nent
ba‘l&féaﬁgéﬁ’&n described herein as "exenplary" is not

[001STeSAG. b ¥héwWs RBuAGAN feb@derdSith b AfrBE18bagband architecture;
advant ageous over other enbodi nents or designs.

[0016D22]FIG Gshawss i dual-pathiieraiverswitl a sapasibeterodime syokitetire;

[00&9? | %I@@i. 9r5n8 é“&HE‘&? fwé Eiual—path receivers that may also be used for the dual-
antenna terminal in FIG. 3;

[0018] FIG. 9 shows a lowpass filter;

[0019] FIG. 10 shows a jammer detector; and

[0020]  FIG. 11 shows a process for operating two receive paths in a wireless terminal.

DETAILED DESCRIPTION
[0021] The word “exemplary” is used herein to mean “serving as an example, instance,
or illustration.” Any embodiment or design described herein as “exemplary” is not
necessarily to be construed as preferred or advantageous over other embodiments or designs.
[0022] FIG. 1 shows a wireless communication system 100 in which a number of

wireless terminals communicate with a number of base stations. For simplicity, only two



wireless termnals communi cate with a nunber of base

stations. For sinplicity, only two WO 2005/ 064816
WOCHsWsHI04/ 042783 4 terminals 110a and 110b aqd/uSmm4/042783

base stations 120a and 120b are shown in FIG 1. Each

termnal 110 may receive signals fromany nunber of

transmtting sources at any gfven rmoment via

I i ne-of -sight paths and/or reflected paths. A
termifalsettCachndal 10bi sdameatase stabhiens 204 armh 3204 dredshewgnalFIG. 1. Each

reflcﬁés of f arefle?tlon sourceg.g a buildin g

termingh rm%)b Kesehiendgnaly Hort ey |nBFf)b =N t@,npqngggg §PUIFEReat any given

mohfeﬁﬂ\'ﬁla inelb nghtd];)eftlflseﬁlﬁﬂ& RALRe fhst Ijefl&ﬁed)gatﬁ'lg Ricated when a
pat nal may also be r erre to as renot e

tramsi@tted rs;gnal mezﬂtﬂctse offt atreestioansomeee §sg.4 er huihdihg, tiee, umesome other

oo BT R BB g Y R v

ten%ﬂrﬁﬁnia% a?él)ulbep{%%héﬂ fohaseh ReinftHd StaBOHH, ed"ﬂx%bﬂ@@tﬂh&ﬁ rafl 8bss terminal, a
i5 equipped with two antennas. A base station is

usea enurppmens,t(EED,om varﬂllewnanmcaé@nr@fvm @dcellwlagsphoag, or some other

access p ot her . term nol oqy
teriRS- SoheBbine g 1Bt oot Wi o Siele, FREHED SRkpiingl 10 is
equeppRi vAIRtS tvad entBhmidl Qe Base GRitidh I8k ifikad 3R of @Rd hely zﬂwbe referred to as
these base stations. [0023] A term nal may or
an preessapribl @ JYpde Be 6r vo1Rg ofiey ieiminglpgym damebile tswstclysg center (MSC)
14(%@6‘ s t(t% E%hb]agﬁg st?ﬁ%s%%b%ﬂ%u&é% c%ascﬁ'lgaﬁoln abﬁ B 6ltf|blgtgt3§égoase stations.
[00$$Bt e (dehiinal nwacbr Gﬁ§3 mwabeldapibie bf anteivihg s@nﬁﬁ’ﬂirom satellites 130.
ed with ormatjon that allows

na enco
Sat?-lélgf‘é @r@aﬁ elongttn 4 %lt IS RASKIONHE $YSieE Sfchass ﬁheawelbknown Global
[ N
Posftifi Sysehtps) VCERH PSRN oSl o P, ofibShcoded with
1nfmﬂahom¢haﬁaibmm@ﬁ&lreq&u&rs porat t@ n@aslreehertlwrmr of #rival of the GPS

. term_nal able of ei ving sigpal s
sigfal o VBB oM EnFRCArRRstrhy GBS reteliteh S BE uipd to accurately
estlﬁlaﬂ,ﬁﬁ 8RN A GRRMLL ﬁ&[tlonaof AGPS & Bvel! 09@{enﬁﬁﬁiinﬁ§ta%rﬂé capable of

transmtter, an | EEE 802.11 (W -
rece;wmggsugnalseﬁrgmanhbrstmpesmf tre{n@mr_ml]lg B@urceps@uch as @adlbetooth transmitter, a

wingGi e e ek T Tab PR P AR R P rapiger, and so

ontransmtting source may be a base station or a
satellite. In general, a termnal may receive signals

[0024]om ZerHIG. ohecachr temlutaul ph1® isr slasii ta8i regeivingu pigaals affom multiple
tran%ﬂﬁtugk\é?ﬁ]rcg? t‘ane%%% anh%: aaﬁﬁl%%ﬁln‘tgegomc%% j g bgge Station or a
S gna ac sm y

rome |ng source |I's recel ve

satefiiteh Infgehdreal, autbiniphlananicesivesigablstiien efoong | or rmlltapliettransnuttmg
at different anplitudes and/ or phases. [0025] Syste
sounqse akeARYH&IVEN EBRIECT: viFeT SRrlNntcnpR éem@a@sélqtc@m)mgnal from each

tran%%fnc‘ttuﬁg]' softrcti i8%eceledl 5y Q&h'v{ﬁj TPt n@gec Etendal DM ite terrmnal albeit at
syste or some other” wreless co nication syst
différe@DMAp Sty d¢seandroryphisepl enent one or nore CDVA st andar ds

[OOEﬁCh %/stler% ?00' m|a3§ _b%0a08o£1 blVlSlOl‘l Multiple Access (CDMA) system, a Time

Division Multiple Access (TDMA) system, or some other wireless communication system.

A CDMA system may implement one or more CDMA standards such as IS-95, IS-2000 (also
commonly known as “1x”), IS-856 (also commonly known as “1xEV-DO”), Wideband-
CDMA (W-CDMA), and so on. A TDMA system may implement one or more TDMA
standards such as Global System for Mobile Communications (GSM). The W-CDMA



commonly known as "Ix"), 1S 856 (also commonly known

as "1xEV-DO'), Wdeband- CDVA (W CDMA), and so on. A
wOoDRMA/sYE6em may i npl ement one or nore TDVA sPanaazag/o42783

such as d obal System for Mobile Comunications (GSM.

The W CDVA WO 2005/ 064816 PCT/ US2004/ 042783 5

standard is defined by a consértium known as 3GPP, and

the 1 S-2000 and | S-856 standards are defined by a
standard ds defined knyoaomerta@EPRAowIT Iae§@P§t andl eredkS-2008 dadd®r856 standards

in the art 026 Low ersit cei ers that
arecd&ﬁmﬁf BY A 480396 PWB@EE&?EZ SO AR Pwp f th art.
[002i6Y €T Sidw- g?ﬁl@?ﬂ tshﬂysre@eli?&é: 8iaY 8hn Yhdvid@bod®AStori¥Rce are described

receive p each receive “path being capable
herefn. cAntiversigniacgiveeisga recaivpt withiah deaahtiy @rectivetpathsp gf)'tha?rach receive

paicaSBaapoTh & | SRERGRBIE (1o PSRLD e CBE SIap) MeRE signal and
fref&@y Ideynt SIvEL M &e%$ﬁ1 % BARBARL AMhE MR pBWVer\Blversdt§ receivers may

terminals with nultiple antennas. Sone exenpl ary
be [uged Mrmmal/sewghw smetcearxﬁ@m@ asr weld eas ceitpigalspeitownultiple antennas.

r an enbodi nent
Sogge SEphpeb anrRing Fudiar s d® ARRe TG fent
[00291 M rAIG. R1Pawisndlodedagrasi ofah @ndotinda ol alagarmérm termmal 110a.
recei ve paths 220a and 220b. Antenna 212 receives
In thiembedigpent, Epraingal {140 inshisles éﬁwlwermélarwdﬁwe\r@%@ paths 220a
ec [
ancg%Zdb d@l}t&?ﬂ% dfl2%@é1 éﬁt&%(%anr?g%aﬁetde abéq?ﬁgég&s%%g%s 950 tc\Hc?prowdes a
recsivad kignsl. (P£x)| thw incindes wengonsf dfehe RENAYdRAL6d prenble tirmshitted by these
noi se anpl|ification on th

I d
bassr SRHWEs ROV Mot EPRjHiAr @Hﬁﬁfﬁdopﬂag%lﬁl'sg@@eﬁge fapjidcation on the
rec€Aad s?%ﬁ% 288 ki)rovﬂ?sc%i lgpu?%iéﬁalz@lﬂﬁ ) kS i8S !ré?:@ﬁftee[sjatl?ssﬁ(fheand 220b.

primary receive path nd receive path 22
Rectéed gatht 22aas dcmgramtbasjdtwpnmaa{ veEepat path,[ @1&28¢ce5@cpath 220b is
r.ec |ve ath 2 rocesses the input signal from LNA
¥oP y CCNVEHFEt i ve out put baseband signal .
[0038]39' %cﬁ%é&l?@ﬁﬁh'ﬁOqﬁ&&MQhé ﬁlﬁﬁ?@fgnéﬂpﬁbmcﬁbhezm and provides a
system requirenments (e.g., for sensitivity, dynamic
respegtige outpuhbmebm}d signgl- diecdizg gathé@Z@@ 19 @qugngd do mebatgphcable system

and sed f. all operatin d t o ecel
oo iemERY (oE: Lraeur el bR ol fafad oA B BGOSR, and so om
ancbinal BERBEd fo2 QUi d@mﬂﬁg&oﬂm@ioﬂs&ylzb&mbspﬂh 200b M&dsigned for low power
operating conditions. ngl ary designs for receive
B

aﬂ(baleﬂ'*s lezs oringrat zz%ream@t%@ (R PebBieonior] DS PPaAting conditions.

e and
Ex@RB BRSEnE  p 0y EORN IR anf D200 SR RARNES 01
[0020DPM riec emaI@g-naﬂiguaE&mmmi (D) 2888 racdivdssdndsdigieiasn e first output
dat a san‘ﬁl es fo a data processor 240 for_further

basspadesignah gousfr9m mcylvem‘fm&@az‘gé provadasiafist sifegm of data samples to
a d?’ﬂr gﬁr{]&ﬁreéégcgi%lgr}gg tﬁﬁ%%g gg&g%]sg‘}gpr%’is&?%hgngn Arsabol RALR) and digitizes

a second stream

theadecatat autpainpdsebartdosigiat! (Pputdr émsnrec2id®. path A0 ghd podvides a second
stre%rr]lloo a{tg saﬁllqp es t20 Iie&g p?c;cngsloir ‘2}!1(5.yAlthough not shown in FIG. 2 for simplicity,
each output baseband signal and each data sample stream may be a complex signal/stream
having an inphase (I) component and a quadrature (Q) component.

[0030] For the embodiment shown in FIG. 2, a signal detector 242 detects for the signal
level of the desired signal, which is the signal within an RF channel of interest. The desired
signal detection may be performed in various manners known in the art. For example, an

automatic gain control (AGC) loop is typically used to adjust the gains of variable gain



each out put baseband signal and each data sanple

stream may be a conpl ex signal/stream having an
wonpisase16l ) conponent and a quadrature (Q CORPOUSEE04/042783

[ 0030] For the enbodi nrent shown in FIG 2, a signal

detector 242 detects for the signal [Ievel of the

desired signal, which is the 8 gnal within an RF

channel of interest. The desired si gnal detection may
ampgfige r(VarAs) dot¢ateds anithinu thenmoeiee pathn sonthatnodthet basbbanlaosngnals at the

Dropgp RRRIIE Ao Heacip o8 ALGS oA €3l PP} SBGI oy HheptoV GAs are
ind?Q89¢ g gF ?ﬂfﬁ%&)@éﬁ Q&Zt_ﬁ%?’desﬁe@ hhf I8EE (A er detector 250
thin the

ocat e cei ve paths so that outpu
rechiys® b find dstegirma irpua signhle(D Ip fropereceivp ipathudf®aand asecuiddietector input

ADCs. The ga co naI s for_.these V
sigif| (D3 S Bicr U8 Tt 2208 g el Hbpmesres of IES gl jammers in
theSte@8igbd k%8Il -and praviBy a% C&"tat@s'Sngnﬁleﬁlﬁic\éﬁﬁaa}vﬁétﬁe%tor not large
det ect or I nput si gnal ) fromreceive path 220a and

ampliwde paneimers iaeecprosent npthnt: re@i\@délgnebzz) contorhund e vrecepees the jammer
20b tects for ce | ar a
safig e DR e kel DR oM 5 R RL L B pgeessor 240
and padvidesSthg MBhb 1 Bed (Eﬂblznﬁgﬂﬂlﬁtubﬁf t®lenfle 1eedi®e paths 220a and 220b,
anplitude jamrers are present in the received sign
respecgiyalyy oo gramplsy cppigeli Yri§ 258 empy peteet (by ﬁﬁcesvesmjh a220a if large

o T L SEAO0 00 o 1L S0 v,

[00B8@b2 dhgmalcenfigedtidm aﬁhabfeeewe@athvmmatrm%%aelacwd for use at any

glvgé (F)Ig)éqenr esgqergiiréqua{eﬁ}ga;%aggg 25$41t1@1§r gtarrl g qnfljllgérsa%omoth receive
path@ PG ﬁld@ﬁ)bqﬁﬁzfﬁé g&lderhtttﬁ@szfn?ec@ﬂnx %j sﬁﬁlﬂ&%oﬁﬂdp&géss signals from

recelve path ot herwi se. [0031] I'n one
twe dififergpt s pteron, ABIA A2b mey be wﬁumﬁ lan@ 26 itoh n2R0te usd to provide the

| ted.f t
oulpRuSiian sfehy E0ma bemveci % R AORT B 22955 Ptk 200,
[00‘32] h rIqu '3Vsﬂ0W@ @tﬂl‘@ck&ggﬁaﬁﬂﬁ a%?e%boﬂﬁﬂerﬁ &f %ﬁﬂﬂl \éﬁteﬁﬁa ﬁa&‘xﬁmal 110b.

same time to sinul taneously process S|gna s from
In thif fwbedimeny dewninal WHD mgluldemwo betcopdst 3184, andn®l 2 and two receive

el PAOPTHR B pReBl0e AR el SR aP B 5uRRA AT Ristous manmers a

terrAiaf 1 14H0@32] with ﬁlnﬁzd&mwo@abi@@k bdaragwmc@ﬁd@fors and so on), as is
enbodi nent of multi-antenna termnal 110b. In th

knosyb §ytheeast | AndrNA\ nHI02 engifiep @) fizgereceixed signalhdsx) fgwaantenna 312a

anoaﬁfov?&e%b g@é} ﬁlgfri] %&i@b %/*?ﬁtr@c%: ng%ha%a”%ﬂmlmji‘f "PNA 316b

ennas In varil ous

amphfides Sedvind reedivedsigndl1@ox) frog. antinah312bi mideprovides @Ssecond input
on a circuit board, WI re conductors, and so on), as.is
SigR g ith Tegeeveapath 3AAD Gecays Ratindilaris dlgsignated @b the primary receive

patlél,e?xfdr is’et%gllv% Bﬂﬂ'ﬁbZdﬂDEﬁxaeS%ﬁ){Qd%t e %C%‘éd%%’ dﬁ@%ggg.&’é’én%eﬁath. LNAs

t Signa to recel
31630 amd|34 6b ynayaisolbidAoddiGered asrphit bf eseise patho B0 ﬂmh’ﬂ(f)bdrespectlvely

G TR AT TR ——
a ORatiVeSollpS! 9RbAM SignkiNe RRELTRHYh 8B ¥Cdesigned to meet applicable
system requirements and may be used for all operating conditions. Receive path 320b is
designed for low power and with less stringent requirements and may be used for most
operating conditions. In one configuration, either receive path 320a or 320D is selected for
use at any given moment, depending on the operating conditions. In another configuration,

both receive paths 320a and 320b are active at the same time to simultaneously process two



path, and receive path 320b is designated as the
secondary/di versity receive path. LNAs 316a and 316b
woayosaesns be consi dered as part of recei ve pat RETRR2W4/042783
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fe‘ﬂﬂﬁnw 8 |Sm nal. A single-band term nal supports
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term nal supports operationTaeslenul tiple frequency

bands _and typically operates on one of the supported
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GSMO900 890 to 960 MHz
International Mobile Telecommunications-

2000 (IMT-2000) 1920 to 2170 MHz
CDMA450 411 to 493 MHz
JCDMA 832 to 925 MHz
KPCS 1750 to 1870 MHz

GPS 1574.4 t0 1576.4 MHz




Per sonal Communi cati on System (PCS) 1850 to 1990 MHz
Cellular 824 to 894 MHz Digital Cellular System (DCS)
w0 2063/064814880 MHz GSMBOO 890 to 960 MHz | nt epaatiSooval42783
Mobi | e Tel econmuni cati ons- 1920 to 2170 MHz 2000
(1 Mr-2000) CDVA450 411 to 493 Mz JCDMA 832 to 925
Mz KPCS 1750 to 1870 Mz GPS 1574.4 to 1576.4 NHz
WO 2005/ 064816 PCT/ US2004/ 042783 8 The PCS band is
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of an enbodi nent of dual -band plus GPS, nulti- antenna )
[008} 1vi AHIG- Fhshowsrvblogh dipgram of prsemppdimeat of dugl-bppd plus GPS, multi-
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ans$P AP B A LB I, TR NG, qubfiriobition on two

frequentyvbands, dasodr if@t clanty lare tthe celtbladi amdnPCShbawdsi im the following
as 41

FI.G. 4, termnal_  110c incl two ante a and
desipiBhoTa o i FEIODUEHT) SO Hor o (TR EA) g O LICE S Atennas 4122
and ££%) éﬁ%lcfliv% 1@9@126::[ ggfﬁé( h2dd @0 RA14L0RA Thé 1dRived s YF"fﬁ‘)jfrom antenna

to a dipl exer whi ch provides a first cellular
41%i igrpmbvitled sma ldilexkt @d4a,amhick pfovides PESt sceldplad sigmaldan an LNA 416a

NA.416b. LNAS 416 4 | | .
anc; BT 0 1 by Oy e LA 0l © TS 8 i b mgpigrm Tow noise
amplification Rt th&ik IARIS ah@ prSGE PRI RAENENZ 2t siBhsls 42 @Reive paths 420a

respectively. Simlarl %/ the received signal (Srx) )
andf 429, respentively4 Similpdy,ghoteceised signaldSer)drax enteanaspl2b is provided to

I.ch ovj.des second _cel | ul ar si |t N, LNA 416
o GRS SR o RS St C ol i A I G 3 oona Pes
sighal G DELNA A6DQWINAS216d A1 ERpe@On®Tow iLise amplification on their
signals and provide Sinl and Sin2 input signals to receive paths 420c and 420d, respectively.

An LNA 416e performs low noise amplification on a received GPS signal (Grx) and provides
a Gin input signal to receive path 420e. LNAs 416a through 416e may also be considered as
part of receive paths 420a through 420e, respectively.

[0038] Each receive path 420 conditions and frequency downconverts its input signal and
provides a respective baseband signal. Receive paths 420a and 420b are designated as
primary receive paths and are designed to meet applicable system requirements. Receive
paths 420c and 420d are designated as secondary receive paths and are designed for low
power and with less stringent requirements. Receive paths 420c and 420d may be
implemented with circuit blocks that consume less power, occupy smaller area, and cost less
than those of receive paths 420a and 420b.

[0039] For the embodiment shown in FIG. 4, receive paths 420a and 420b share
baseband circuit blocks, and receive paths 420c, 420d, and 420e share baseband circuit



signals and provide Sint and Sin2 input signals to
recei ve paths 420c and 420d, respectively. An LNA

wWa 2605/00€816 or ns | ow noi se anplification on a reeeTwsen04/042783
GPS signal (Gx) and provides a Gn input signal to
recei ve path 420e. LNAs 416a through 416e may al so be
considered as part of recei ve pat hs 420a t hrough
420e, respectively. [0038] Each receive path 420
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for the presence of |ar nplitude jammers in the
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imp{l&heited Wwithr @esigiore op kivh gua2) ancamtbréc,Z\@heréa:sr tht eércoie Ibladkarfor receive

band or both receive_ paths 420 nd 42Qd for the PCS
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00f£0° 8 sEL SSRGSl G o i
3, anderctesegratics fid0a the 426b linl 6. Harmte desigeeds ¢o ;maﬁehapphcable system

requirements. For CDMA, IS-98D and cdma2000 specify a two-tone test and a single-tone

test. For the two-tone test, two tones (or jammers) are located at +900 KHz and +1700 KHz
(or at 900 KHz and —1700 KHz) from the center frequency of a CDMA waveform and are
58 dB higher in amplitude than the CDMA signal level. For the single-tone test, a single
tone is located at +900KHz from the center frequency of the CDMA waveform and is 72 dB
higher in amplitude than the CDMA signal level. These tests define the linearity and

dynamic range requirements for the receive path. In most systems, jammers are present for



420b and 420d are designed for the PCS band, and

receive path 420e is designed for GPS frequency.
weeowsicses1pat hs 420a and 420b may be i npl enent e#CWiUSE004/042783

narrowband circuit blocks that are tuned to the

cellular and PCS bands, respectively. Receive paths
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[ 0044] When not operating in the diversity node,

either the primary or secondary receive path is
weoeebwsmbedef or use dependi ng on one or nore cri PETiUA2004/042783

These criteria may include (1) presence or absence of

| arge anplitude jamers in the received signal and (2)

the desired signal |evel. Tabdi e 2 shows an enbodi nent

for selecting receive path based solely on jamrer
Tallet¥esidvwmnan EabbéinZnd domselectiRgcrecaive Pathhbastll esejatnmar detection and

thg received signal Primary receive path Not present
desirrd sig@alklgveli ved si gnal Secondary receive path WO

2005/ 064816 PCT/ US2004/ 042783 11 Table 3 shows an

enbodi nent for selecting reggiwg path based on janmer

detection and desired signal level. Table 3 Jamers
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performance of the secondary path and may be circuit
Largs dniphipldeneminid may de pleasiedto be preaerstah eled feoeived signal if their signal
receive path I b d th iteri
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to Bt (SRX cechl b PhrtfcBLE kiRt 18YANShisSdi &M #vB) mBWE dependent on th
© conf}glﬁgitg? ang sg on)¥£ and thié i%ﬁhﬁthiﬁl?he epencett on the
actgal gegfonhartch ®f ithevsenondany phtbGu8 imad beedmiviteandatiplemesntasion dependent.

o RS s o B PR 0 6L 4588 B quay
or §ghpﬁftoa8iss LY NI, plbi RE&IVEE si{ghmu%ﬁ@ﬁj Y& Ferdoditdl bitss and so on),

requency downconverted in multiple stages, e.g., from
andRAist1e wathin e seonsdif shesinverdipmency (1F) in one stage,

then fromIlF to baseband i anpt her s e.,. ln the
0035f o € Pecety2hish i BF SRPRApR AR SogZbP8Ravf giclficoture or a
dirdc$-t6-bRRYSNT ¥rcBRYAGN L fithe Sufer BBlcRidyde hRhitbitute) the received signal is

baseband in ) ' _ _
frequency downconverted in multiple stages, e.g., from RF to an intermediate frequency (IF)

in one stage, and then from IF to baseband in another stage. In the direct-to-baseband
architecture, the received signal is frequency downconverted from RF directly to baseband in
one stage. The super-heterodyne and direct-to-baseband architectures may use different
circuit blocks and/or have different circuit requirements.

[0046] FIG. 5 shows a block diagram of a dual-path receiver 500, which implements the
direct-to-baseband architecture and may be used for both single-antenna terminal 110a and
multi-antenna terminal 110b in FIG. 1. Receiver 500 includes two receive paths 520a and
520b that may be used for receive paths 220a and 220b, respectively, in FIG. 2. In this case,
both receive paths 520a and 520b are provided with the same input signal, Pin (not shown in
FIG. 5). Receive paths 520a and 520b may also be used for receive paths 320a and 320b,
respectively, in FIG. 3. In this case, receive paths 520a and 520b are provided with different

input signals, Pin and Sin, respectively, as shown in FIG. 5. The RF portion of receive paths



one stage. The super-heterodyne and direct-to-baseband
architectures may use different ~circuit bl ocks and/or
woavws/odifiberent circuit requirenments. [0046] FPGI/US2004/042783
shows a bl ock di agram of a dual -path receiver 500,
whi ch i nplements the direct-to-baseband architecture
and may be used for both sindle-antenna terninal 110a
and multi-antenna termnal 110b in FIG 1. Receiver
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[0049] A lowpass filter 540a filters the first baseband signal to pass the signal
components in the RF channel of interest and to remove noise and undesired signals that may
be generated by the downconversion process. For the direct-to-baseband architecture, filter
526a may pass the entire frequency band of interest, and lowpass filter 540a would then pass

the RF channel of interest. Lowpass filter 540a may be implemented with various filter types



and 528a provide the required anplification for the
Pin signal, which may vary by 90 dB or nore.
wadadistoeerial gain may be provi ded by ot her circBCT/US2004/042783
bl ocks in the receive path. A downconverter 530a
recei ves and frequency downconverts the first
conditioned signal with a fildst LO si gnhal and
provi des a first baseband signal. The frequency of the
(e.d.) BattedwOrth, griliptidad, Chethyebtwedasleh aatvitthehesipgopekr filter order and
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patﬁ)gft%e?lﬁ% %J@g%ﬁﬁgaﬁgng,%@rg@?} is locked to a reference

signa [ 0051] Receive path 520b
[0052]oc e F8Es StshewSiansperificadesgndop mmmée;mthﬁéZQaemmhﬁiZOb In general, a

out put basek%and Si naI Sou , .in simlar manner
receiye @laq;xem%lpﬁr a5 élgl’l GONdHIONINE-Uing, ane, gt frorg fiages of amphfler filter,

mixfel SAUSACH, FANOE B n%‘?fe%ﬂgé@iﬁ PRitRe& T thAREr FOnY fat Qﬂfvvn in FIG. 5.

menners. For exa quency downconversion may be
Mopsve ranedeilvy paibxinay entpdoyREthien puituis bipakd notoshowmoin FIG. 5 for signal
Ilggseband as shown in FIG 5. The frequency
CONgBiE¥nver si on may al so be performed by sanpling or

[0053] FIG. 5 shows receive paths 520a and 520b having the same circuit blocks.
However, different circuit designs may be used for the circuit blocks in receive paths 520a
and 520b because of the different requirements and objectives for the primary and secondary
receive paths.

[0054] Receive path 520a is designed to meet applicable system requirements, €.g.,

linearity, dynamic range, and sensitivity requirements. To achieve this, the RF circuit blocks



digitizing the RF input signal and using the aliasing
property of data sanpling to generate sanples at

woaswshasds Frequency downconverters 530a and 5BOD/USBO4/042783
be i nplemented with mxers, ADCs, m xer (e.g., for
downconverter 530a) and ADC (e.g., for downconverter
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i npl enented on the secondary receive path 520b since
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540Reway \he i MmEesh wi BAONEn BT G724 G G PR Tler) than

lovJé)%§ssf1 5 108 eWsm RO VAR IR GiRouit Mabigh (@RAIUIES rédiRfe o 980b may be
npl i tude Janne S are not present “in the receive

designed to consume only a fraction (e.g., 50% or 25%) of the power and occupy only a

small fraction of the area required by receive path 520a.

[0056] FIG. 6 shows a block diagram of a dual-path receiver 600, which implements the
super-heterodyne architecture and may also be used for both single-antenna terminal 110a
and multi-antenna terminal 110b. Receiver 600 includes two receive paths 620a and 620b
that may be used for receive paths 220a and 220b, respectively, in FIG. 2, and for receive
paths 320a and 320b, respectively, in FIG. 3. The RF portion of receive paths 620a and 620b



signal. Because of the |ess stringent requirenents,

VGAs 524b and 528b, downconverter 530b, filter 540b,
wanasaeisf i er 542b may be designed with smal | eCTRISZ@®4/042783

circuit conponents (e.g., smaller capacitors) and

smal | er anmounts of bias current. VGAs 524b and 528b

and downconverter 530b may He i npl ement ed wi t hout

usi ng i nductors (which typically occupy a |arge area)
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[005%]'t i ¢\m dfOr gemsirater pﬁaﬂt6hs psidesand fig20b.ONGigRD5uBE4 §a6 RE to IF

PCT/ US2004/ 042783 5 be, use or cej vV t hs .
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TyptedR, aRaE 1§¥i§1@d th&® Bie§&dnlcy O Yhe fifdt Eb(al 1thl i Rl JEh Itia the signal

recéive path 620a, the input signal E is anplified

confgongn @Ma;haqul of Etergsttiy dgwmqrwgﬁecb e fixpd| IF, and the frequency

owncon t.ed F.{o IF by a frequency
Oftg%t?\?fggﬂg‘gf%l r}al l%ag?aﬁ ‘e | F signal from downconverter
[006@PRa iReckive e 620P prbéessbsbiheaSMCGhigh@4and prdvidasethe f¥¥ond output

a bandpass filter 626a, anplified and buffered by an
baselandi signal (38 in sinelag spneehiserecride Prthdr20pF Reseiyg Patafrfb may be

1m1$é{m@nt£(§ GRH et gﬁ) £k §@§g&fnts§ @%9 §Pw %c&%@%ﬂﬁﬂgt SeBNAk are lower

downconver ails |'owpass
cost thlah @ios6 40 eecaivd paitgd20hi ed and buf fered by an

anplifier 642a to ajn the fi out put . baseban
[00§1nﬁna| Refeseing )baclf Emﬁﬁf} 4:6?0611‘%‘91’%&%3%? Bd@ﬁe B4 be implemented
with &ﬁe{l&l&&%&d\j\??ﬁe tlfré b &l sﬁf&%é@%dﬁﬁ* drPmle ROt BE: the direct-

ter an may perform RF channel sel ection
to-Haselan(d andjtettares eachprfgstrivaipatood2Gasthmugh #g0¢ magrbe iRplemented with

VG%E%MZ%S hﬁ 5?6f agg freer(ihénrcg OWNAORVEFter g%] 93 FI(J}.fS.t E(e)r the super-
heterodyne architecture, each of receive paths 420a through 420e may be implemented with
VGAs 614 and 624, amplifier 628, filters 616 and 626, and frequency downconverters 622
and 630 in FIG. 6.

[0062] Two LO generators operating independently, as shown in FIGS. 5 and 6, may be
used for the primary and secondary receive paths. This design allows the primary and

secondary receive paths to operate simultaneously and independently to process two signals



selection is perforned by bandpass filter 626a, then

the requirenents for |lowpass filter 640a may be
woeb@wekic [ 0059] An LO generat or 646a provi despParfliSe@u/042783

LO signal used for RF to IF downconversion and a

second LO signal used for IF _to baseband
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pathsZ@ecemujpa‘thi emgemdilGd @y\wcelw pathed20a 62 FIGaEndecﬁeS\Eb panhﬂzaa and 420b
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the w&&étuéasé Bperdftfig ORI shéRhd BOSe speelfiedSHAIPYED of cdma2000. In the
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lowspawsrtraeden the aivcyii dhacks wothin e prineary mEcetisaraths may pehiased with less
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perf

conldafu; 8ff, \(1N‘H1Qanirﬁef§ ok w atopitddegimbese Fieairioay reeive paths may
communi cate with. The term nal can receive a

alsq pg dssigreg with ﬁmesﬁnﬂ@ansf@prwrﬁa@@esw&b.la?revﬁUfIﬁnt baiag used for more
[ 2 ' path and can simultaneously search for
ser{e (%gfﬁln%r%gﬁlgg% base stations wth the secondary
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recéibed | W&pﬁ:@ﬂe nA t&ﬁﬁﬁ:ﬁtt&ﬁealgf dbdiendt rldnHWt)ﬁe Mfsif %Q@?[é(lel needed
rece ve pat IS not néede t hen one

for reliable communication when the terminal is first powered on or first starts to transmit.

In this case, the forward and reverse links may be assumed to be reciprocal of one another,
i.e., the path loss for the reverse link is assumed to be equal to the path loss for the forward
link. The terminal can estimate the path loss for the forward link based on a pilot received
from a base station and can determine the amount of transmit power to use for the reverse
link transmission based on the forward link measurement. However, if the terminal is

equipped with multiple antennas, then the received power level may change abruptly when



generator may be shared by both receive paths. [0063]
Al t hough not indicated in FIGS. 2 through 6 for

weiaplicedtsy, the primary receive paths (recei veTard4/042783
220a in FIG 2, receive path 320a in FIG 3, receive
pat hs 420a and 420b in FIG 4, receive path 520a in
FIG 5, and receive path 620d7in FI G 6) may be
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[008P05/ G 48ik& o‘ﬁ%ﬁa@&ﬂ%[ BB 2831 velpatidi T20e ned 720 ire sBi@sted for use to
are selected for use, This open Iqﬁg omer di st ur bance

achipyg divessify. Her this moges ﬁ&lfﬁheén%%ata b prgqth saitghed to the “A”
posﬂﬁ %danfdgg{ab% fe Ju 'oF il\iA%‘héa dﬁﬂ%ﬁs e9}:§1:ct1[»79196@ f}lg%@%ga and 726D,

agram o al - pat ecel ver
respaBiivdle. uHediVélmty isluat naededn tizent eithrer rateited Pbthi VIZOEI & 7320b may be
Recei ver 700 |nclud S two .receiye

hs 720
selegtagifor pec@sRFRAINEIOR tho FRETAENS ﬁ‘é“%‘i“i’rﬁaaf“\/a PECR \986]:63?% mode, receive
patl‘?l ﬁQOaFﬁ%Qie@édthr Geedp Rlrgx %ﬁl\ﬁﬂtﬁﬂ@ _Ran’ﬁ'ﬁé& Bre fdtEdibier F&OtHRl 1B8de, switch

transmtter unit and an ant enna
722@up k\eptcﬂred‘m&a: ‘i‘ﬁdhpcsmont b thr:amsm recegvegpedh 720mmay be powered down.

In ?cﬁgggptp%gl%ggrgé %Zré'gel\t/eo pgt t%Hl])als7él'e ecteaJ] gorf Hsre l}e no jammers or low

amplitude jammers are detected. For this mode, switches 722a and 722b are both switched to
the “B” position, and the output of LNA 716a is routed to filter 726b. LNA 716b in receive
path 720b and all of the circuit blocks after switch 722a in receive path 720a may be powered
down. LNA 716a may also be biased with less current to conserve power. For all three
operating modes, the received signal power can be measured from antenna 712a. The overall

gain from switch 722 to amplifier 742 may be determined for each receive path and used to



signal fromantenna 712a to receive path 720a. Receive
path 720b is the secondary receive path and coupl es
woao@/eMMf il ter 714b, which further coupl es tBCams2004/042783
antenna 712b. For this enbodinent, the termnal only
transmts fromantenna 712a and not antenna 712b
Antenna 712a nay be a whip/ dlispol e antenna or sone
ot her type of antenna. Antenna 712b nay be an
accontefion dle @odieshsigna pomien nedswementsa Svoicheo@2actnde22b can mitigate
type of antenna. [0066] Receive path 720a includes an
OPQUNROE/ROHCT CUSTWIRRRCH 722a, a filter 726a, a VGA 728a, a

[0065EAUTE sA@WRSAWIBEKL Si'ag1|7ai1'3r96€C a BuAlPMREReivet 16T thaf By also be used

and an anplifier 742a, all of which function as
for diesleanitérnd tetona F16b iFFES. 3. 2Redwiven §A2 ducluries dve geqeanepaths 721a and

72155 ofch et pebite! ifees st eelr e fuinSEE P e in G, 7.
HoWesdrIBRAcRitrDhasadi 6 fe piRred a¢eipilteANT26a24d 776D, resgectively, in
circuit blocks for receive path 720b may be designe

recgivel ppthaJ@da pod 7P b rpepetivelrh & fitercizon higs belkey alestrical characteristics

recei th .720 I ' i th. L .
a3 YA0BTh ETRT ale BF R y EH hPBa mtad of
filtOPEIGBL iTh Gehdrale swheh M22e6al be lqatdisanyaBarcanidhind6deies gath 721a, and

sel ected for use to achieve diversit For this node,

swid Tohemay i Rc i pdam s e FENBIEFE SR AL L o the " A'
it -
[OOngE :oelc:Iﬁie;\i @%ﬂo@?%ﬁ FH%?%@E%}.’; g%% R&Vﬁgwlt%r’]ﬁ@, #th rﬁ?}bbei 1>1/S.ed for each

ely, 726 respective
of the lowpaes Silteys showmoin Fi&Sddds ahthén Iedvipass fittec @40/ mcheleh a single-pole

. 720a or 720b y be _selected for u ependi ng, op. .t he .
G200 A HTB g S Y B BBl Stion 042
impIEHENtY Bne B ?olé.z Gahch DrHelgead Bfle QEtioRe44f add@Beimplements a pair of

anplitude | a rs are det'ected. For this node, switch

corigiza ppksswi §¢hedler de.ghelliptitalp Buiteivanth, Bassel,ng (rebyeheyv) filter may

recei ve pat b be ..po owl....ln a third
beBE@P@?@%@“WE@@%RF?g@%SgwﬂgFﬁﬁgggﬁgﬁmﬂé@PECted for use
[00770] NO TR ssOfiltér@Wor MEPIdcEive SaliRMARY S Be dapREleaRd with other
For this node, switches 722a and 722b are both

filtenlasigne.d Fughemtose, the Igywpsss ifidiars fanthetpremayiitapdiseegndanyareceive paths

716a is routed.to. filter 72 7 i.n cej
maf BTl i ing bor iBhont B Al FE Gl o 5 orcer
low?})%é’sﬂﬁl'téir B¢ eedifat fhe/p@aaryaycddes patedndch 3-g@order LdWpass filter may
16a may al so be biased with | ess current to conserve

be prdpr theseconfaryrpgedve pasher at i ng nodes, the received

i gnal . . - .
O3 £ PRUET 8, SRTORUGE L AT 908, g g o
secopdagy receivt path feache rdesieddv frequenby dadd us eelettod \iGr use depending on

2005/ 064816 PCT/ US2004/ 042783 18 account for the .
whetbelepy, Bef JAgIeaS 25 ?Ct‘?ije’é‘s%‘?éﬁ‘é%‘feél. Sigialt JREEIOR 9% lasgg amplitude,

un«%lgépd g&gﬁfﬂahﬂ Q?g‘g]%ls Ct RE0n! QB BVESsirdd $-bARPASS. MBR%Blector input

ows a o di agram of a dual - path receiver
sigdlR ugeldeor jpaymexldstectien mmgde obtmmeddeim smi@spwirtte along die receive path

butéé}ooﬁgl %ﬁ!%%aﬂgf-o%a%gi g’igrrlal 7c%%1piorﬂgrlltg.d e’fhé WReector elinf)/l?t signals may be
broadband signals with a flat frequency response that gives equal weight to signal
components at different frequencies. However, jammers that are closer in-band (i.e., closer
to the desired RF channel) tend to be more detrimental to the desired signal than jammers
that are farther away in frequency. Thus, the detector input signals may be rolled off (e.g.,

with a first-order lowpass filter response) to allow for discrimination of the frequency offset



721b. Each receive path 721 includes all of the
circuit blocks in receive path 720 in FIG 7.
wolavesessio swi t ches 722a and 722b are pl aced af PeT/US2004/042783
filters 726a and 726b, respectively, in receive paths
721a and 721b, respectively. |f filter 726a has better
el ectrical characteristics tfan filter 726b, then
i mproved performance may be obtained by using filter
of th2Gaminesst €Buls ofould tHehegivey pdiomers lageniar mbre woight hnd7 peemers farther
be | pcated anywhere wthin receive path 721a, and
aw eﬁ%ﬁa@g%b may be |ocated anywhere within receive
[0098f h F3} bhe dBORRhefts GhoWn SPYES a9 eirios]ithe Wwskks filters also provide
I owpass filter 940, which may be used for each of the
the | detgoscgsinpit] signads §AbwndiPR)Fpsed. to4letest Zerdthe. pressipd o6 jammers in the

filter 940 includes.a single-paole. filter, s ' .
rectiie fendiadnrim vapocell o SoBolinpob s g I g single-pote
filtdd sebi®dn FRGhit109pass filtRs.ement s one real pole. Each of

bi -quad filter sections 944 and 946 inplenents a pair

[0033] cdiHe- A9 shewe . blacksdiagragt gbp jgamgr detegtpy p93G; ayhich may be used

o Y 7 B %, SIAE M DL s Wy o iy and
secaiidhrQ &&ei vk QRO hreTeetificalpaestifieds 108 2a dmar 10500, filesred belowpass filters
at hs rmX al so be_inplenented w otq§$ filter .
10%@@ R824t apd ReSVISAO comBatataih A&0arn(d dpD. reipegthgly. Each rectifier
105?:%{;12/&3{5 e get\%&;c‘)ﬁ R ¥i’§'§a1§lcﬁb1¥1ea Ei?lh&ﬁdal aPBwith gositive and negative

nment e the me or different Tilter designs.
amplitndexamiggle-anded sigmal dwith dnbypaesitsvef darhplgndeyeapd eayube tnplemented

bS] B SOBE iy 0 TSk LT s
ord%lIO QddpastSrilnet &d ad b@p?opﬂ%@ BDaR®hid@Peé.8!, | ederal hiuh@red Hertz). Each

Iversity node, either the primary or secondar

compsuaton 803§aempases thBlictesisignal dgainstie HoysokhIEVEL(Vth) and provides an

sel ected for .u dependi ng..o t her. or, not..| S
oSGl eetieh f H5 RECTERL FoaT RS it FEub e than the
thréABldi eVeleindidaRHE She PbsEitl-¢Ff lakde NenSitgded] asnthéatin ¢@dreceived signal,

distort the desired in-band signal. The detector input
ands(Ynkeis loved Of botheaniser Beteeter ilegic )8 mondnnesi Wedoytpynsignals of

var i n t . ] .
conf R0 BT B4R AR EHL YR8 QUm0 552
or43put signals may be broadband signals with a flat

frequency response that gives equal weight to(ﬁigna

[00¢8hpore gercral Jammerdaention gy ph eréamerdiesaen (Paptefhe D1 signal,
 RIFLYEIR. SHRR S5 (TSI, B TR v
filtas d08da sriat0Stbnmer s canzaredhagnidsatiehtbresholdyleveh as shown in FIG. 10 to

frequency. Thus, t det.ectqr .i nput signals may he .
oG4 SPPHDY e gial Wit o by ey 0 Qe G an ADC to
obtﬁi‘flsrﬁﬁ’lﬁﬁﬁ)bifs%f%%%oﬁ@ T e isRls! a@inairhﬁ Use@ UGN either the
- of fset WD 2005/ 064816 PC'I']/ US2004/ 042783 19 of the
prifnarynersscondhiyseeuivd phth.hEhe ginveer statwesignad nuyelsa tre used &0 adjust (e.g.,
the\/\é%{n%hatnd/acl)? %i'clsacrlrlrrrr%rrltss off)a{htehcelrrcuit%\i\(?c}f(s Iir? e g\rl?rlngr@t and/or secondary receive

paths.

[0075]  FIG. 11 shows a flow diagram of a process 1100 for operating two receive paths
in a wireless terminal. The presence of large amplitude jammers in a first input signal or a
second input signal is detected (block 1112). The first and second input signals may be from
(1) one antenna for a single-antenna terminal or (2) two antennas for a multi-antenna

terminal. The primary receive path (which is spec-compliant, e.g., IS-98D compliant) is



[0072] For the enbodi nents shown in FIGS. 4, 5 and 6,
the lowpass filters also provide the detector input
woeigsaess16 Dl and D2) used to detect for the presemszo0an42783
jamrers in the received signals. In an enbodi nent,
the detector input signals are taken after single-pole
filter section 942 in the Iov%g)ass filters. [0073] FIG
10 shows a bl ock diagram of a jamer detector 1050,
enamldcm prawgssabe fise dnpuk ellgnalhélqrmmphtdét enmers aferdemiod, (block 1114).

nd 4. . The als for t
Thd econday eiarapel oanes nopd RIS et Shmbl Rl FRblsprocess the
Rae # assddibdté®(Bockl 0643 Th
“méﬁﬁ ggﬁgnégﬁgggigg?ged ?gﬁ%esqgga?oré {OSEam;nd i © primary
andls@B@ttrlary espetriaths| aye bethaamapledtil theapultitgwenng derEpalgs joperating in a

AivGRAT T e o rgaroued B i Bol anfRAE o g Be processed

smﬁlt%b%lusl@wﬂlébtﬁéﬂl Yhiasetistics (8 |gatnddeihs ambnm)anb €0 on) of the circuit
i npl erented with a diode. Each | owpass filter 1054

bloglgyinhiie| empbledupteds, Paths) aaynre bevﬁdm@t%i Raspdyloa-the dgiseted jammer

I ndwi dth (e.g.,

mg&%@%@%ﬁ(%@ﬁ%gde?%g§§§?ﬂ9%§gﬁkﬂ%g%%§ratOr 1056 conpares
[0076]s f iTheaowchodieg dBlersitgatcesteraletdiibed heteth tavedovidetgopd performance

and provides an out ut signal, Wﬁlhl chis {;&é I o.%i cC ..
for I‘i’P@hSnglf‘a)ntqmataﬁé mlfiasteand el uades) pesidperaling gogdifions. The
wo{shéggetogsra]uhg egl%die&{ioéc%yse\kheﬂ @ kisAddsied tslgﬁamg ﬁé&”Q&stwty which

arge anplifude jamers I n thée received signal,

is thJowesy idetebtmble(x‘eé)éiyed)sigmlv]m@ armb(Zécth@uammgrscam(aS&laXImum signal

B N G T SR ——

con‘dﬁidn e 10%5%roba9ﬂ1t§15%ent[ 0Go#] the %1398—%hﬁshna]té’ﬂiﬁlﬁﬁl the low-power
detection nmay be perforned based on (1) only the D1

secaidpnprgceive)atomay henasebXos impstbperating g<)nd@‘mn$ tJar thg multi-antenna

and, D2 signals. .The fil Lere nal s oL
i, By cla e ol ThG e AR L T, AHEREST e time. or he
renfaltfiRS BOkSI 80 P¥REntAT BB, 4 ﬁn@b@eceﬁ-\% padh nﬂ?tb’éllﬁe@, aiad lbhe secondary
out put signal. These fil tered signals may al so
reC‘dng mﬁhzre@w i selecied HDaraemplisuds TG i2p @ottﬂet@teéf For both single-
anten tmL(I)l 1:-a ng]]?;ﬁjt z[le ﬁ{a?taﬂ:s cﬁ‘ka%ﬂea é@ééo*ﬁarf@&%l\;e%ﬁth consumes
pr 1 mary or secon ary rece

lessTﬁlﬁvdraHHﬁhpﬁ)tléi bisth Siagdisy tiie pedeen bbgerysethatges anld tlt time.
he gai ns_and/or bjas currents of) the circuit

[00%710(: kghﬁdowr@w.%rytsampmer ésmeérlvr%eﬂéawee upee Hr a wireless
ten%ﬂlgfé)-l egélgé NS n‘ansfﬂugé’i’o%ﬁgﬁl%ﬁsggtaﬁoﬂﬁr OPhe ﬁ)wlf:QsQer diversity
or operating two recelve pat ina wreless

recéleeﬂmnmjalalso'ﬂaelspal éxrenbase slatioartg eeciyd feverde link rraesraissionafrom user
fir I nput signal or a second input signal is

terrgigg ct ed (block 1112). The first and second i nput

[00§$pna|ﬁe”5¥vg Swdi’ Qﬁbrsftﬂ')regéleelaﬁés%ﬁﬁé’d ftRFeif may be used for various
si'ngl e-antenna term na two antennas for a

wirelebs donamuminateon systemsisath asth @DMArsezstyms e&é?Mé gyatetn, a GSM system,

an w Nl %ﬁ@tlé@%&%ﬁgpgﬁg@g (I%IIR&B syst Iag rc]>trt¥1ogonal frequency

division multiplexing (OFDM) system, an orthogonal frequency division multiple access

()

-—-_.‘

(OFDMA) system, a wireless local area network, and so on.

[0079] A large portion of a diversity receiver (possibly all circuit blocks except SAW
filters, control units 252, 352, and 452, and data processors 240 and 340) may be
implemented on one or more RF integrated circuits (RFICs). The diversity receiver may also

be fabricated with various IC process technologies such as complementary metal oxide



20 enabled to process the first input signal if |arge
anplitude jammers are detected (block 1114). The
weeosrndaly receive path (which is not fully PCT/US2004/042783
spec-conpliant) is enabled to process the second
input signal if large anplitude jamers are not
detected (block 1116). The p?ﬂnary and secondary
receive paths are both enabled if the nulti-antenna
serdi@mductat (GMOSHeripdlanynetionatrandistaerBITy bippde-EMOS @eCMOS), silicon

recei ved si s fromb ntennas are to be
geq&w@8@§5é35,g@ﬁﬂFvgﬁ@gkéﬁ%gsgﬁagﬁ?P%a| characteristics
[00%@-09- Th¥ %&ﬁousmeééiﬁ&lr&nﬁes dis@BSkdSEMmBimehts i frovide@ b knable any

cks | e enabl'ed receive path(s) may also be
persanj skidted dn hesatitcomakder ehetteepresent vieation.s Vgriews medidications to these

and/ or the desir.ed signal level, (bl.ock 1118). 076].. ... .
eméganprsn i et DepSierit o UV shRAE ot & g P ¥R principtes
defiRE@ YA 4R90bP8pHIRINMBNGRer éribodd@bRts Siviffue -depireng drcdMehe spirit or

mul ti-antenna term nal s under nost operating

scoponiiithd drventiathe Thies the- preseat FpEnten iy neb iderded fodreclimited to the

n (1) .the desir ign ' y Lyl fyn . .
et eV RFERCER SoBoft sbfutEing JIR b Ypnsistont with the
prirefifles(a3M doiel fleatiresidisciosed Réreimaxi num si gnal | evel and

| ocated at a small frequency offset away fromthe

desired signal. This worst-case condition is a |ow
[OOﬁJOba%fIiAt’P’Iseﬁ'Xl' st he si _ngl e-antenna term nal ,

e | owpower secondary receive path may be used for
nost operating conditions. For the nmulti-antenna
termnal, the diversity node is typically needed for
only 20 to 50 percent of the time. For the remaining
50 to 80 percent of the tinme, a single receive path
may be used, and the secondary receive path nay be
selected if large anplitude janmers are not detected.
For both single- antenna and nmulti-antenna term nals
that are portable, the secondary receive path consunes
| ess power and inproves both standby tine between
battery recharges and talk tine. [0077] The | ow power
diversity receiver described herein may be used for a
wireless termnal to receive forward |ink
transm ssions from base stations. The | ow power
di versity receiver may al so be used for a base
station to receive reverse link transm ssions from
user termnals. [0078] The | ow power diversity
recei ver descri bed herein may be used for various
wi rel ess comruni cati on systens such as a CDVA system
a TDVA system a GSM system an AMPS system a
mul tiple-input multiple-output (MM) system an
ort hogonal frequency division nultiplexing (OFDV
system an orthogonal frequency division nultiple
access (OFDMA) system a wireless |ocal area network,
and so on. [0079] A large portion of a diversity
recei ver (possibly all circuit blocks except SAW
filters, control units 252, 352, and 452, and data
processors 240 and 340) nmay be




i mpl emented on one or nore RF integrated circuits
(RFICs). The diversity receiver may al so be
woasioestied wit h vari ous | C process technol ogi e6TRIS2H04/042783
as conplenmentary netal oxide WO 2005/ 064816
PCT/ US2004/ 042783 21 sem conductor (CMOS), bi pol ar
junction transistor (BJT), bizﬁol ar - CMOS ( Bi CMOS) ,
silicon germanium (Si Ge), gallium arsenide (GaAs),
and so on. [0080] The prewChadMSscription of the
di scl osed enbodi nents is provided to enable any
person skilled in the art to make or use the present
i nventi on. .Vqri c&gs. nodi fi.clat ions to these enbodi nents
wi | I be PEEHIFS YIS EMPT¥ 88 hose skilled in the art,
and, e BN Rﬁh%ﬁeﬂﬁb@l@icﬁﬁceﬁ@,f dmgthy N fequeky ®wnconvert a first
applied to other_ enbodi ments w thout departing from ) )
inptrheigralitpiprovide asfitspbasshanchignaly kgt fitshreceiygpath heing compliant with
resent invention i.S.n0 intended to be limted to the
Smgﬁhg@Pﬁ%ﬂ?gggréuﬁcﬁg?égkibut Is to be accorded the
Wi dgsbcondoReeit® paihs besthbleitd eddies, apiplifg mide frequshep alosinconvert a
features disclosed herein, [0081] WHAT IS, CLA]\_IT{\/ED IdS; .
secoyy ZPYL SiEBASLEPIPYITE 3STEOON) DS signal ciha figes and segond input signals
- ria§i+Rg: [ [ - -
beifl B % HRNCA0, AP S 0 pecBnd HEShve S kPRl compliant with the
systtpwegoineraerts forfthe sfceivenput signal to provide a first
baseband signal, the first receive path being
conpliant with systemrequirenents for a receiver
andra seepNgeVi&Csl MAnP Al WhQBR HRDERt bkl §R68d ¥iut signals are from one
anplify, and frequency downconvert a second i nput
antenmgnal to provide a second baseband signal, the first
and second input signals being for sanme frequency
band, and the second receive path bei ng non-conpli ant
Wit t heThSYSHEIDT @a 1,8MRdin theofirst AR Je@6Rl MPht signalsThte from first
device of claim1, wherein the first and second I nput
andsiegord antepmas,fresperiéyidy. ant enna. 3. The device of claim
1, wherein the first and second i nput signals are from
first and second antennas, respectively. 4. The
device oThel&iito & clmhes avlieréihehd fifss indsedos®faside paths concurrently
recei ve Eaths concurrently process the first and
progess drrdiiishingt seeprfhiapat signads, specively, farshiveasipemeds.y
node. 5. The device of claim1, wherein the first and
second receive paths each
5. The device of claim 1, wherein the first and second receive paths each

comprises at least one amplifier, at least one filter, and at least one mixer.

6. The device of claim 5, wherein the first and second receive paths each further
comprises at least one switch for routing an intermediate signal from the first receive path to

the second receive path.

7. The device of claim 5, wherein the first and second receive paths are coupled
to first and second antennas, respectively, and wherein the device is operable to measure
signal power of a received signal from the first antenna regardless of whether the first or

second receive path is selected for use.



conprises at |least one anplifier, at |least one filter,

and at | east one mxer. 6. The device of claimb5,
wohers@essibhe first and second recei ve paths eaelT/US2004/042783

further conprises at |east one switch for routing an

intermedi ate signal fromthe first receive path to

the second receive path. 7. Pde device of claimb5,

wherein the first and second receive paths are coupl ed

to $irstTh&Mbﬁmw@MﬁMHntémmasconwﬁsagtively, and

wherei.n the devjce i erable to
PO B TR B ARG afec G AT 1 L Rpa aroonvert  third
! tBiseb AR Sibfiad! thelthir® 2SR FE Bbin liant with

mpﬁ‘eggﬁﬂ 16 inle WG Bhschilfl {infill (67hir8 ARG FRPOLNE compliant wi
the@gmmlmmmmmfaethezecesverm devi ce of cI aim 1,

furt ri d receive p e

rec®i Q%ﬁh 5 1 vq‘ga%f ? E{%é‘?}cﬂ/vedg % Fre(?‘feﬁw}l ownconvert a
fouirtH ﬂHﬁutss'l@ﬁfl'to bRVIMEOY al@tbisebardl Has! bﬂh@@oﬁﬂﬁl Rédeivel pegh being non-

hird receive path being conpliant with the system

comldqmt métrethe §y$tgm repeireraends farrthe geaeivers g whelie@vcﬁlevférst and second

o BERRRFEP § 8L R P oA EPHEOR sy e o

mmb@ﬁﬁa@mﬂcﬁbgmal, t he fourth recei ve path being non-
conpliant with the systemrequirenents for the
receiver, and wherein the first and second i nput
si ggal s lgeedév%e & Jléuhﬁ? WEEGH %MrsPﬁegu Qb% ista\C&ifhlar band and
and fourth 1 nput si are for a cond frequency
the Bevwild fRquéitey beled lsczePcerEorrall GomnBnication Siystetnh@CS)) baid.
frequency band is a Cellular band and the second
frequency band is a Personal Conmmunication System
(PCR). bapgh dév@ce JFBaifieY, 'fﬁﬁhé?fco Eﬁblﬁgl further
conprising: a third receive operable to receive,
anpa th‘hyi recaiet Patle gpembly tol mmn/g;wgphfyaar@] fsgspiency downconvert a Global

Posfimi S (GESS8Nu 5 BlovidH Bl SRt Sgpayy 1 1

further conprising: a detector operative to detect for

presence of |arge anplitude undesired signals in the

firbt orThﬁﬁhwmﬁ¢ﬂ¢mﬁlhﬁ@ﬂ@ﬂcoﬁmﬁ$agcontroI uni t
?ﬁ:r ét'Fc\étgr (t&é)%ft étde{e'al.e fﬁe 'é)rr?st(eﬂan{ gclgfgiﬁly Fflﬂucf Olgndlé%?i?eéf Jlgnals in the

flrsa&dseb&l@@b@[cbﬁgﬁahanaecond receive path for use if the
| arge anplitude undesired signals are not detected

12. 2 FpRired éwtc,c@ewlvatals%eqtlthe [Peereive REhder b diih birge amplitude
uncf?:??{da%l %ﬁs 0 gl@fe@t%g 4ol 1ot Oe Rﬁ@eg@&‘ﬁﬁ Rbeild ?a{hafcgeuse if the large
anpli & Cba

undesire S|gna a detector 1 nput
amplitg@aiindesired signals are not detected.

12.  The device of claim 11, wherein the detector is operative to detect for the

presence of the large amplitude undesired signals based on a detector input signal.

13.  The device of claim 12, wherein signal components in the detector input
signal with larger frequency offsets from a desired signal are attenuated relative to signal

components with smaller frequency offsets from the desired signal.

14.  The device of claim 13, wherein the signal components in the detector input

signal are attenuated by a first-order lowpass filter response.



13. The device of claim 12, wherein signal conponents

in the detector input signal with |arger frequency
wohRbes@ees16r om a desired signal are attenuated PeraiSzone/042783

to signal conponents with smaller frequency offsets

fromthe desired signal. 14. The device of claim13,

wherein the signal conponent 24 n the detector i nput

signal are attenuated by a first-order |owpass filter

response. WO 2005/ 064816 PCT/ US2004/ 042783 24 15. The

devjce of, cl.ai.m f.urther. conpri.sing: a first

det gtorirt}%g?vé‘fei Sl ]tdzltl%%?c?"g‘rpnﬁlln&ence of large

anp) Fitd dereidd 65ér@k ®idefrt foriplesehdtCofllifps andplinfRGAAEkired signals in

i nput signal; a second detector operative to detect
the ffipst ogisegomd inpeignalt a desired signal in the first or

second inpu i.gnal .. d te j rati,v . :

col BoroopRaeler e Bgp TR LGt st of Bk “Fogbip e firs o
secOd inPut fLkkA; Afd the first and second detectors. 16. The

device of claim1, wherein the first and second

r eciCORIPIaMHE Opgrati vy st the SirdwiriespReeraceivpath fagtuse based on

' i directly fromradi o frequency

Out?‘%g)o%ﬁ%%gtaésngrb&g%o . C%%k#%e device of claim1l, wherein

the first receive path is operable in one of nultiple

power nodes, each (go,vver npde ¢ r%,espo di n

to .
di f 1r enthafpdrs of Gfinhi aEherein s first g Sfiﬂogé 7P VG PR e operable
to %&ﬁe\ﬁhﬂv&fﬂ &hd it adldC&RbNE MRk f@ignla%hdﬂ&%gdﬁwncl%dﬁf f&g@ney (RF) to

erein the first receive path 1s Operable in
baskloand. power node if jamrers are not detected or have
| ow anplitude. 19. The device of claim1, wherein

power consunption of the second receive path is |less

thapy fifohe REViIESBE cRimPRVWhersdNGE MRk RRei9E fahteisf dfetdble in one of
recei ve path. 20. The device of claim1, wherein power

mubipis perper wedasf eacheposise omdlecotespoadingtth diffeyenteargountief bias current

owe sunption.of the first receive path. 21. The
forgg‘v‘/lflbél%S S‘@@P%ﬁﬁ?“&ﬁéﬁé’? %he systemrequirenents are
specified by a single-tone test and a two-tone test

in 1S-98D. 22. The device of claiml1, wherein the )
syst®em r Ehuiidpdse af sladmel7s yeergin dbe fiyst reepiypab,is operable in a low

o R0, el g gm0
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19. The device of claim 1, wherein power consumption of the second receive path

is less than fifty percent of power consumption of the first receive path.

20.  The device of claim 1, wherein power consumption of the second receive path

is less than power consumption of the first receive path.

21.  The device of claim 1, wherein the system requirements are specified by a

single-tone test and a two-tone test in IS-98D.

22.  The device of claim 1, wherein the system requirements are specified by
cdma2000, Wideband-CDMA (W-CDMA), or Global System for Mobile Communications
(GSM).



25 23. An integrated circuit conprising: a first
receive path that is conpliant with system

woeoosicerent s for a receiver and conprising aPETS2004/042783
anplifier operable to receive and anplify a first
I nput signal and provide a first anplified signal,
and a first downconverter op@ﬁabl e to frequency
downconvert the first anplified signal and provide a
firz baArbaagrasidghatit campisingecond recei ve path that

I'S n@n-conplian ith the systemrequirenents for the .
bR eaRte PR P TEE A SRR FPaRRsakalr o fegeiver and
con‘lﬁfsﬁ{ ve and anplify a second input signal and provide
second anplified signal, the first and second input
si gnal s ddirsigamplifisranperalile dqueatiye saddamplify a firelc bypyt signal and

downconverter .operable to frequency downconvert the
Pr0¥]§88§’63taﬂ$ﬁeﬁis 4 iaﬁﬁal and provi de a second baseband

si gnal . Z24irst iRy ricBhRGeRbEE able 16 YidquedicyCli@dkmBoddert the first amplified

further conprising: a third receive path conprising a
signah andipevislei # fizst baspeandisignal 8ndecei ve and anplify a

third input si . ' .a . thi [ fi .

51 ghare oMt v Wl 5 5, B YA o S B hEffiremens for the
recéiv@Gmanreynpaemgaconvert the third anplified signal and

provide a third baseband signal; and a f _l%rt h receive .

pat h conppecond FplifistPReabifn Facrive aasémaxga ¥ 2tsgeqneligpytesignal and

o FRAAY LA P 0 B B, Sy i o e
frequieacyaldne, tid f r equency downconvert the fourth

lified si | d i d th b band si |
2 wher iSO IPPACRIEHEF SBEBRI th StRI0E g AP UG EeRofte. second
am@lﬁédrs?énai 5@&#}%&% D3BshAREBha sidakr. d and fourth input

I gnals are r a second frequency band. 25. The-
integrated circuit of claim24, wherein the first

frequency, band is,a Il ul.ar nd and the second
fr e%ﬂ en ci/‘h%’é‘ﬁet?r‘?tgd 8“%%?]0#3&111 Qég ﬁ‘f‘Fﬂ}W CAPOH Sy st em
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a third amplifier operable to receive and amplify a third input signal and

provide a third amplified signal, and
a third' downconverter operable to frequency downconvert the third amplified
signal and provide a third baseband signal; and
a fourth receive path comprising
a fourth amplifier operable to receive and amplify a fourth input signal and
provide a fourth amplified signal, and
a fourth downconverter operable to frequency downconvert the fourth
amplified signal and provide a fourth baseband signal, and
wherein the first and second input signals are for a first frequency band and the third

and fourth input signals are for a second frequency band.

25.  The integrated circuit of claim 24, wherein the first frequency band is a
Cellular band and the second frequency band is a Personal Communication System (PCS)

band.



26 26. The integrated circuit of claim23, further

conprising: a third receive path conprising a third
wanpisiccesas operable to receive and anplify a GPobDaiS2004/042783

Positioning System (GPS) signal and provide an

anplified GPS signal, and a third downconverter

operable to frequency downcorfert the anplified GPS

signal and provide a downconverted GPS signal. 27. The

i nt2gr at Bk intageated cioduitcdfaiamnZ3, fuher epmptisiegf i r st and

second signals are fromone antenna. 28. The

i nteWHATEEYE R FPMBESIES ai m 23, wherein the first and

second sj gnal eftb h&deivRNEAJISRGATY 28Blo8ABitioning System

respect?%gpﬁf&%gﬁﬁ§ﬁg&?ﬁ1e rat ed circuitgof cl ai m 23, &5y
«Hﬁnmmmdmmdqnpﬁﬂshmgnmaﬁdéﬁggwﬁmab@edative to detect for

presence of large a i tude desired signals in.th e

Fi et ore Qudufboaptie s HRaPt T Sl i Rtelvo g Sopiiied ops
sigha® &fd PRVRRIIdvncoal&iesPS ggndise if the large

anpl itude undesired signals are detected and the

second receive path is selected for use if the |large

a jtu undes| . S | 5..ar tect -

ntr at 0 Bt I FuiBLEs ABhortE BE sk nfDsoclhE signals are
frothiohS tintepipass filter operable to filter the first

baseband signal and provide a first filtered signal;

and a second | owpass filter operable to filter the

secand b@ﬁ&ﬂ@% b YRt BRI, AfnReinSBE GRSt hdd §RBRA signal

Si g%;il . : a@ﬁ%@g?‘aﬁ’gg cllrnr cui t o?mcl ai m 30, signals are
fromifgstaind stdoadeatansk, kasppasslyti | ter has a lower filter

order and | ower power consunption than the first

| owpass filter. 32. The integrated circuit of claim

23, powher el dintddLarS@ Sigdtsk SHERif 33 turfRd cérﬂ?risiﬁg‘.c ond

downconverter for the second receive path are biased )

wi thdétester operativettotdeteat fonerdsencetof lange|ainfrliggdeaymglesiragl signals in the
. first downconverter especti.vel for the firs .
firs, g PR 80 SbSP OGS TR 00 05 SRS 5 uggif the lorge
ampltBdd MRSEH Q8nAd heWetecRld 2l WhdReddnd Waeiveipathlib gele@ed RSt use if the

anplifier and the second downconverter for the second

largeswmplipedepmdasisadesignily aserppitdegeoiidt h smal | er-si ze circuit
conponents than the first anplifier and the first
downconverter, respectively, for the first receive
pat3).  The integrated circuit of claim 23, further comprising:

a first lowpass filter operable to filter the first baseband signal and provide a first
filtered signal; and
a second lowpass filter operable to filter the second baseband signal and provide a

second filtered signal.

31.  The integrated circuit of claim 30, wherein the second lowpass filter has a

lower filter order and lower power consumption than the first lowpass filter.

32.  The integrated circuit of claim 23, wherein the second amplifier and the
.second downconverter for the second receive path are biased with less current than the first

amplifier and the first downconverter, respectively, for the first receive path.



34. An apparatus conprising: neans for anplifying a

first input signal to provide a first anplified
weigisaessioeans for frequency downconverti ng thecriussdo4/042783

anplified signal to provide a first baseband signal,

the nmeans for anplifying the first input signal and

the nmeans for frequency domﬁZonverting the first

anplified signal being conpliant with system

r el r erfBtret intégnted ciroatedly ekaim radanshdrein thepiccoénd agpdifier and the

second i nput signal to provide second anplif.jed o
scoqidpainconter faie spendipediiieru] U RERFS ity ppller-size circuit
confonemts (RPiHe! 88 adpBNal addtHRr @t dewaccieARd redpasdlRBy) dor the first

ignal, the first and second i nput signals being for

recawhpathr equency band, and the neans for anplifying the

second i nput signal and the neans for frequency

downconverting the second anplifi'ed signal being

nomL oMpAh appariul BorhpEsify:st em requi rements for the
receiver. 35. The ﬁ%garatus of claim 34, further

conmednsiferpmplifying o it Weueteiahtp Povidsidisrreplied signgh

anpl i tud ' ' i i o . , '

ot s PEB3GP oPhORL b k] SR8 0 brovice o
basésmbis{gnial) ghd Meards fos tmiphifitg tiedirad inpucksi grivd ant #resméars for frequency

frequency downconverting the first anplifjed signal, if
downsenyesiieg thenfirst empbiligh sezpl being cgpphant Wih sypwctegpirements for a
recdld. means for selecting the means for anplifying the

second i nput signal and the neans for frequency

dovmenn\fer armplifyirnze secmhipainggnal iceprosidgrakcand aohpdified signal; and

| arge anpl jtude undesired. . signals are t . detected. .
B A Bt B B En BBl A0 e  eeond
bas%ff)aﬁllﬁls?g%%l,cﬁé’ Fi?ﬁ’and%@&}fd' BbMOsigthes BEih: Ter §Phe REQKABS Band, and the

arge anplitude undesited signals in a first input _
meaisgfonbmplifying theceeend mput sighajmafl the meaty fqtfreanmoyegwﬁ@onvertmg

the %g@%%@gﬁ@giﬁﬁ%g%% Bing-g(gtg{)ﬁ%g uvgp lg{;tpe? %gggmf\/%qg%’rements for the

recdi®&ei ve path to process the first input signal if the
| arge anplitude wundesired signals are detected, the
first receive path being conpliant with system

Socbha r Eieirpetiug gl e, S BbERmET PO S gnal
i T fnbBns! fr getectaigpfor tpuekensenofelaigeesnglitgdabisdeaired sighals in the first or

detected, the second receive path being non-conpliant
second input signal;
means for selecting the means for amplifying the first input signal and the means for
frequency downconverting the first amplified signal if the large amplitude undesired signals
are detected; and
means for selecting the means for amplifying the second input signal and the means
for frequency downconverting the second amplified signal if the large amplitude undesired

signals are not detected.

36. A method of operating multiple receive paths in a wireless device,
comprising:
detecting for presence of large amplitude undesired signals in a first input signal or a

second input signal, the first and second input signals being for same frequency band;



with the systemrequirenents for the wrel ess device.

37. The nethod of claim36, further conprising:
wdesokeslg for signal |evel of a desired signabPcrmskieg/042783

first or second input signal, and wherein the first

or second receive path is further enabl ed based on the

signal level of the desired & gnal.

enabling a first receive path to process the first input signal if the large amplitude
undesired signals are detected, the first receive path being compliant with system
requirements for the wireless device; and

enabling a second receive path to process the second input signal if the large
amplitude undesired signals are not detected, the second receive path being non-compliant

with the system requirements for the wireless device.

37.  The method of claim 36, further comprising:
detecting for signal level of a desired signal in the first or second input signal, and
wherein the first or second receive path is further enabled based on the signal level of the

desired signal.



