LOW PONER W RELESS DI VERSI TY RECEI VER W TH MULTI PLE
RECEI VE PATHS BACKGROUND [ 0001] The present
wappisiccedison for Patent clainms priority to PropCsiusmmi/o42783
Application No. 60/531, 241, entitled "Low Power
Wreless Diversity Receiver with Miltiple Receive
Pat hs" filed Decenber 18, 2003, and assigned to the
assi gnee hereof and hereby expressly incorporated by
reference herein. |I. Field [0002] The present
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communi cation system a transmtter nodul ates data

onto a radi o frequency (I}TQZ carrier signal to generate

an RF nodul ated signal t KGRGEND suit abl e for

transm ssion. The transmitter then transmts the RF

nodul ated signal via a wirel ess channel to a receiver.
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phenonena such as fading and multi path. Consequently, :
incotperatecbpisreifercnat hsirginal nmay experience different

channel conditions and nay be received with different

anpl i tudes and/ or phases over tinme. [0004] To provide
I. di VR{eld t Y agai nst deleterious path effects, nultiple

antennas may be used to receive the RF nodul at ed
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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



as is known in the art. In conventional diversity
recei ver designs, the receive path is typically
woeplsioeatied f or each receive antenna. The repl PCatiSem4/042783
of the receive paths with identical circuitry results
i n higher power consunption, |arger area, and higher
cost for the multiantenna r608lver all of which are
undesirabl e. For a portable wirel ess devi ce, the
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may be selected, e.g., depending on whether or not jammers are detected, to process a single
received signal from one antenna.

[0008] In an exemplary embodiment, a wireless device with two receive paths for one
frequency band is described. The first (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



anplified signal and (2) a second downconverter that
transl ates the second anplified signalin frequency and
wonresiodedca second baseband signal. The first PeTRISH®4/042783
path is conpliant with systemrequirenents, and the
second receive path is non-conpliant wwth sonme or all
of the systemrequirenments. APanmer detector detects
for the presence of large anplitude jamers in the
in frequehcamet proviies asebond patebsndysighal. | Theofiulsyreoeiee pathes v@mpliant with
path i s needed, then the first receive path is.
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re of the present invention wll becone nore

addippeal érequéncy bandseandér&i8Sd description set forth bel ow
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belblar oughout and wherein: [0011] FIG 1 shows a wireless

comruni cation system [0012] FIG 2 shows a
single-antenna termnal with two receive paths; [0013]

FIG 3 shows 1 Zﬁlﬁﬁﬁpﬁ I ‘ﬁi]%ﬂﬂ {wﬁ ecei ve
pat hs; [0014]@@!') shows ngl%q‘-an enna tﬂgr%r%r nal
[00a0] h fThecfetnnsiang naaird ef fherpréssnt nveatianeill baoas m&e apparent from
0015]. FIG 5 shows a dual -path receiver with a

GRS, . , . .
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[001dtei VIIGs 1tshaws aswreldss corthmungationd systdnine dual ant enna
termnal, in FIG 3;.[0018] FIG .9 shows a.lo Ss
(0017 { o, 1G; 35S ipiaple et fErmingl YR BADS: ang
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receive paths in a wreless termnal. DETAI'LED
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t 'serving as an exanple, instance, or
bal}qglaﬁg?jl} ion." Any enbodi ment or design described

[001S] €i 'FIGS 5'sRAROP HBAIYpat Rcéibr WRE & Yfktltbybakébah@ architecture;
construed as preferred or advantageous over other

[00dfhodiEnb shews @duilgath receiver with a super-heterodyne architecture;
[0017] FIGS. 7 and 8 show two dual-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



[0022] FIG 1 shows a wireless conmuni cati on system
100 in which a nunber of wireless termnals

woammoasaat e Wi th a nunber of base stations. FBCT/US2004/042783
simplicity, only twoterm nals HOa and HOb and two base
stations 120a and 120b are shown in FIG 1. Each
termnal 110 may receive signéls fromany number of
transmtting sources at any given nonent via
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[0025] System 100 may be a Code Division 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



A CDMA system may i npl ement one or nore CDVA st andards

such as 1S-95, 1S2000 (also commonly known as "I x"),
wO03eBH84816l so commonly known as "I xXEV-DO'), W #ebaseno4/042783

CDVMA (WCDWVRA), and so on. A TDVA system may i npl enent

one or nore TDMA standards such as G obal System for

Mobi | e Conmuni cati ons (GSM . $he W CDMAst andard i s

defined by a consortium known as 3GPP, and the |IS-2000
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term nal HOa includes a single antenna 212 and two
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Regaivarpath 22peisvdegigtated anther pimianse rqgatve RBband receive path 220b is

designated as the secondary receive path. [0028] Each
degghaLs ﬂﬂf’a‘ieﬁo%%yberc&vgé’gﬂ“s the input signal from LNA
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stream of data samples to data processor 240. Although 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



stream of data sanples to data processor 240. Although
not shown in FIG 2 for sinplicity, each output
woaswshasde si gnal and each data sanpl e stream nBgThS2@4/042783
conpl ex signal/stream having an i nphase (I) conponent
and a quadrature (Q conponent. [0030] For the
enbodi ment shown in FIG 2, absignal detector 242
detects for the signal |evel of the desired signal,
amphified (VEGANdositghatlithiv the receime REths santhet oultbuti bdsebasit signals at the
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amplafiésoal Sedvad necedveal s1gﬁailnﬁ8ﬂﬁ)| frbfdbar{tenrg. 31200 arfdl pfdvnieeda second input
on a_ci rcwt board, wire conductors, and so

t
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a respective output baseband signal. Receive path 320a is designed 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



signal (Sin) to receive path 320b. Receive path 320a
is designated as the prinmary receive path, and receive
weoanls/08&0b i s desi gnated as the secondary/ di vePeTUg2004/042783
recei ve path. LNAs 316a and 316b may al so be
consi dered as part of receive_paths 320a and 320b,
respectively. [0033] Each recéi ve pat h 320 processes
the input signal fromone LNA 316 and provides a
recei®s eiznhls fop thepramebaelbsmnslysting e brdeRée &N@eptﬁwrsmzo&n yet another

d t t { t
confap oDt F<OFVE By Sr Ay 320N G B e B SRS for two
AR o s%erﬂ?SE)gﬂlﬁ[QaInyfem WER Q¥R veARtihaM Aol ah@§§01§£1eldegﬁmed below.

requi emant S e used for nbst operating
[0034hdi tAB@s330ameo¢1eea:@urd digitizesi the, firel obtput baseindesigaalh(Pout) from

320a 20b.is s for t an iven none
recgiap Oth 15> RC PIrY s 41 S CURRIEcTERE 1 otk gpRaroT 240. Similarly,
an @@ BOOK AddeRRs aR@ LIRS Thy Seddad batpd? Qﬁseﬁﬁlﬁi S2R4 (8b&) from receive
active at the sane tine to sinultaneously process
path 380l erd prediidss grsedondideta samplessiraanyiordalaprocesyet 3t idasignal detector

42ty P SRS ARl il A0S0 copgs for the presence of

largej apli@ae ﬁE)iiﬁﬂnErthQﬁéiﬁstSar@V@ ol rdcemed isfghel ant prov1des a jammer
yst ens. | aré designs for receive paths 320a

stat:slz Gignak eAd?@§€P]| HEh3 GS[@G@A]bomcgseaaﬁhé é@?%&d azm» based on
t R

theﬂé%&fe%e\k/ éfaaglést {jlgrﬂ 6 %%h?%e?tggép 8 lgrr@ 'ttfgs A odé 81'1&(?1 sflémrom data

prostssead( 0 a data processor 340. Sim I arly, an ADC 330b

ceives .and digi.ti.zes {he se 0 ut . baseb
[00§§13na|A (aEslRsS t?ll%aﬂ“}lrf%% @ S&%'Ber?ﬁ 1 gF sl giaad terminal. A
S t -
snESAY Aak0a° SIS HERADMS, G gREE BB & i and
terinanakbuppéits aperetiomden muﬂtmle #sQualey dands dndrtypibalypomsaacen one of the

of |ar a Iltud amTe in th t and/or second
sunppged BRSP4y S BO0he s Aa et Lot g fRiapicate with
diffeRdht MaleldsBichm3Rri @RBR |s§stead %p@rratlﬁgtoﬁ diﬁ@r@ht\/ﬁeqi@h&bﬁ bands. Table 1

320a and 320b based on the jammer status signal from
listp avariens Geqesncy rbagd cammonhyeusddtor cpimeless| cosugwairatianogs well as the
; dat a rgfff? ﬁ@; 340. [0035] A wreless termnal my be
fe%“eg%g? 155 termnal or a nulti-band termnal. A

singl e-band term nal supports operation on one

specific frequency band. A mMi¢il- band term nal

supports operation on nmultiple frequency bands and

typiqall'y oper q;trgéugﬁy%dOf t he Suﬂporfﬁqu@ﬂ}dﬁaﬁe

an C on _nmnrnt bhand + or oan
y T V\,II TToTTeTIO . I_\ Ilul l.l MATTu ceriIn ||u.| \VACY ]

conmHecsenel Uprnmugichtier SystemiPEPkss [conkBifite 499 LMWz
syst ¢ erating on difterent Trequenc bl'e
11i cﬁel@gqri ous frequency bands co 3?2%3%g§4m:&%
wretﬁgitﬂ@emmf@@bﬂeﬁnmssmell as the flnqumgsobﬂﬁd
or O, _1apreé—I

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




Frequency Band Frequency Range Personal Comruni cation

System (PCS) 1850 to 1990 WHz Cellular 824 to 894 MHz
wongistoaksiCel | ul ar System (DCS) 1710 to 1880 MHPCGBISRDE/042783

890 to 960 MHz International Mbbile

Tel econmuni cati ons- 1920 to 2170 MHz 2000 (| Mr-2000)

CDMA450 411 to 493 MHz JCDVA 832 to 925 Mz KPCS 1750

to 1870MHz GPS 1574.4 to 1576.4 MHzThe PCS band is
ThaPES tandvie ale kGBVhIB GSVMLOMIR PEISdbansl ialatso KoownwasdsSM1800, and

theRUARE San AL A8 TPRIRCH S SRR R e (BMPS) band. A

&M 186 SBeARESR L Fr ety BARURRCH not 1
W‘%%%%‘ﬁ?“’f@%‘i%. strgﬁy?n Tg%l e 1. ré(%@g] yfFor each ol}‘o isted in

Taplbd. f r equency bands listed in Table 1 except for GPS,

[00?5?]e frﬁg&?ﬁ? iéi;]{ge S Iﬁ’i?cty eana%lixgtgg{irg&ia%l%;l@){ggptl,‘%? lE}PS one frequency

rank€ {s0sBAKSy the Whﬂe (i.ef TRWHEARY frHMNEE bhse suftREs {Pthe ttdiehinals, and
reverse link (i.e., Ilnk) fromthe termnals to the

anq@l@gefrmnmmge Asumd % digpreacrse dinkt(he., splinldl fsom B germinals to the

824 849
back At A8aR Lol GPDhlar BEIY, A8 LRARR b uscd for he
reveisB kink] Q3¢ 869 o 394 MHZWSn@ ibheifodlihrgopmardfiinkn
enbodi nent of dual -band plus GPS, multiantenna

[0082} i AHIG- Fhghowsnvblogh éwarqnh ofpisemppdiment of Aual-bend plus GPS, multi-
SR RAPITAE (Pl ] b it it btiion on

freqwlnby)vbangs dehidh [fdd olarityt rard hike exetoldi nedt PESotamdsninFliie following

4, tern nal j ncl udes t ntennas a.and, 41
desgipfiqn. vin fﬁs@@@%ﬂﬁ icmpIch RN 31%8@? gaignnas 412a
anc§4%ae{nd(tf\re>ﬁ)ecé1(l it} ﬁmlﬁr&ajggaubé %Q\féc@%dts%‘rﬁl (Prx) from antenna
| exer 414a, Ich provides a first cellular

412a01s amoitel 46 dliplencer Alﬁa,r\slnlcle\scﬂQ}rmflrat @elémarLNgnﬂlﬁ kan LNA 416a

ond Ropst PG arer it BT oot herisen 1AVeS AR i 1T iR 1ow noise

fél@flé&tﬁ%ﬁ'o‘{ﬁh&%"sfgﬁalé%gé pgd\fidélﬁﬁlb anﬂq?iﬂ@f@ﬂpu\z’ @ﬂgﬂals to receive paths 420a
and %Zr(r)]br ;;p@é]dgblg Srlr%flgrll;//,ethe felcglr\]rgd s1(gr?erllx Sn()rflc‘)orgl grrl]ttelsr?ané? 12?)113 growded to
a diplexer 414b, which provides a second cellular signal to an LNA 416¢ and a second PCS
signal to an LNA 416d. LNAs 416c and 416d perform low noise 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



a di pl exer 414b, which provides a second cellul ar

signal to an LNA 416¢c and a second PCS signal to an
warbshE8ds LNAs 416¢ and 416d perform | ow noi SBCT/US2004/042783

anplification on their signals and provide Sinl and

Sin2 input signals to receive paths 420c and 42Cd,

respectively. An LNA 416e per?orms | ow noi se

anplification on a received GPS signal (Gx) and
blopksovAdies/passdilter 448t f11$érgtml basd)andrﬁégnﬂé fromt kitd&QeceitdNpath 420a or

20fotg PN THoOHIT R JuSeHS TR SBLCRT Jai (PepiosIapue signal. A
lovgﬁwﬁft&c@él%eﬁﬁ&js hné 2Qscpan hltghﬂnﬁ'oﬁr}@cefﬂ/@ Hﬁn@()c 420d, or 420e and

wnconverts 1ts I nput signal and provides
provelepestiond fﬂas@bbasdbzmdgr@lal arietbe Wedqimttmsnp@taagrmhdAmphflers 442a

TN T T T RN RN R ——

firsREEEicéEn Akt BhSand @I%nél% QPoRafd 8666, 8H3pE@N RS
secondary receive paths and are designed for | ow power

[0040b wik maml@sns deteetonded reqebigaithe fieaad sreensl dateqiert put signals (D1
ancfﬁgf frggh]gwrpgs§ Fﬁgrs %Oﬁ :JR& ﬁwtrg%ex\ﬁ?%]%?dert&% for%@ ﬂger%ce of large

powe occu area, and

ampBle jdhdiers hﬁ>$lﬁ3 &fcell’ve@ Siighi4], ﬁliﬂ b@vﬁ%@ﬂl@j&duﬂe&%tus[ Q@ﬁeﬂ] A control
or the enbodj nent shown in recei ve pat hs

unig 432 rEpetyes Her I8 mBRes SEEHS BN @aqi ttheoM@éR sonizelpignad apd érowdes enable

mgn?eﬁgr g%ﬁdftél oclﬁlé%%’l eié\%asﬁﬁ tﬁ Qgg Pallnt er e control unit 452 may

seldvagepprichasy egvalvef patinded oe mﬁbafe latge paipht@ﬁ(jammersﬂﬁﬁbpresent 2)
provi des first fllt ed bas nd signal and the
seoppOAIBISRED 5y At (3PC <F §riflel 1 kfgeomﬁaﬁgl fSyagoL piesent, (3) both
rec&'v%gm 4@6%&@@2%%%& 'cgl‘i‘lﬁ!ar Hen@Br 'b@ﬁle['ec\!é‘:iv@ﬁétﬂs Wand 420d for the
42Qd, or 42Ce and provides a second filtered baseband
PCS ibgndIforthe divrasiPmdde,d) weeivepath 420g 0al20tAfop|wifdless sommunication

442a and b.a ify,and buffer the first and second
anqﬁqulg?Eﬁhééé%Bg:@% éﬂéﬁ’g -and provide the first and
[003£T ONRREWE WatlRasRRaa £2@Nak desidast f@Nhe SRUlilar band, receive paths
respectively. [0040] A jamrer detector 450 receives

42Gbhandk 420sk arardgsigaed i e PESt mnd» prlrecsivgmaths 420 iszdesigned for GPS
freq?%%@z: ginqcls%\éf%aai ﬁ%(ga}e dc’ 4& agge é n,gF il%en?%p%cft I V%r'o%band circuit

blo&ltkethhﬁ&@ltuﬁéﬂ 5] gleaﬂenulaﬁ dncpPo:sl skeds, tlegpekavarpr R‘ebéwa 5‘paths 420c and
gnal. A control unit 452 receives the |amer_ status

42Qd+ @ﬁmbe amplanpentedbwith awropgand padier widedapt sifrwibblosknfy achieve the
desffﬁ%alf 56d EQ S&ﬂgﬁ@ e qu%%l@%gﬁré&%% &taﬁ{sqllé?q and 420d may be

or ex arrp unit
implemeney wigiCeksisorpat fow aﬂ&htp indli2Cdas,| \flhéraz[sgme aimplit thlwbds for receive

path 420aad A20p ei»%amq%’a@e\?@ﬂﬁ%ﬁéuéf&%w Breont ¢
[0043) bqth%t;}(iﬁa@y Y&eRR eﬂa&sﬁ(ﬁégaxgg,qth% i %gt me&e?«lvé P%léﬁBzoa in FIG.

band or ecel ve pat b and 42 or
3, bmhthceiverpdtllme@ﬁ)a/end; i420b o ddG. (44)are elesigued pamhﬁeazt@plimble system

reqﬁlzrgn?enftg ' F\(l)\g &%ﬁgs I§ 8%“ n Cgma%]OO 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



and receive path 420Ce for GPS, and so on. [0041]
Recei ve paths 420a and 420c are designed for the
woebdswiesic band, receive paths 420b and 420d ar 8CT/US2004/042783
designed for the PCS band, and receive path 42Ce is
desi gned for GPS frequency. Receive paths 420a and
420b may be inplenented with 1Qar r owband circuit bl ocks
that are tuned to the cellular and PCS bands,
only assp&ad:ltfraoﬁby of Bexctirne engh setrély ré@bchamis 42 €a2 dByle‘{ﬂ as specified by IS-

d d/ deband
98T Bt REmE 0o e FahE e o BB 65 R G185, desiEned to be IS-98D
anc?&%%?b@@ c&ﬁﬁhzﬁit 156 Wih: 1yl providd ﬁﬁ%b&ﬁﬁ&ﬁ?é}%lﬁ?agge 2911 operating

Inplenented 'with resistors or Tow quality
conditchmst or s, whereas t he CI rcwt bl ocks for receive

003 e Rl S BasR B ST Pa0h Bb b ddesiee path 3200 in

FIC." 2GR Y&e%tﬂht}?szﬂﬁ)d dhdH28d id FIGegphréiepighbd &26&@1dwipower and with
FI'G 3, and receive paths 420a and 420b in FIG 4) are

lessd stsmgm dequiremeats. aber ¢xcanlle 1By secondayqasd enpsths maydpe dCSIgned to

1.5-98D an
e WS E5F PEARERD S, SRl ¥y AR s
jandofers } hl%fHBEE erdlift theoRadieel dpnatO Witiite ralagledriqORersbmns,(th¢ secondary
at - 900 KHz and - 1700 KHz) fromthe center freg enc%(
recgjye aa@amxm@ffswaﬁ &OWGS@IH B frchRB (e-Bn SQTRPY fifbof the power
t .
corihy P ENA BB S48 oL E TOOML LR Sl can s
proﬁ/rdqumdcyerﬁfmtahee (ﬁmmaﬁaheftnnasnsmad lafge7ﬂnp[lﬁiude gammersn are present
nplitude than the CDVA s These tests
intTRRSR . FTBC PP BT 5o HADH T A OV 5 P PO ines if they are
useﬁ‘?ﬁ fa@@ofﬁ@?h}’rﬁar??écgwe lAiHgost systens, jammers are
ent nly a small” fraction of thetlme and
[00#4] el Wh@mm dphl@tlmg& the divk2sitiBnbdsy eithershe pamiafy exkepgndary receive

pattu &% ée% %ﬁ%}gg :%96 ﬁ% gﬁ:()g\%té)g %%(%g %gtqtr%eg’glﬁesgﬁal¥ena may include (1)
preSHIB 40 ABscneePF 1A48E affplitliRtjakhRYs fRheREOIVEPsiERR and (2) the desired

speci fied performance for aI I erating conditions.
sigh@) 048]l Theble &k erayay yn r@@@d%léel}jaﬁ%h§e](eﬁ@é& ireesiysapath el solely on
. in B G .2 receive path 320b in FIG 3, and receive
Jmﬁ&?ﬁgwﬁtﬁ% and 42Qd in FIG 4) are designed to be

| ow- power and with |l ess stringent requirenments. For

exanpl e, the secondary recelabde pat hs may be desi gned

to _neet dynam c range and sensitivity requirenents,

alibei t assum rJgn{Iﬁé}ts | ar ge arrpl i|t ude j anK&'refveqsﬁhnot

rnes nt t roacaol ad o1 Ao ALt W o al
p b\JbIII. I II C Ilb LI AA Y1) VCU o1 Ullal . V' oIl |. LLAYS | Cl GACU

r edquéserinribereceiied sigsdndary recqi ve palthearsgeelye path
de ned f.0 con a fractfion ( 0.Qr £
ofl MRt RIS e S " S e oS pIeb G gt

recei ve paths. The secondary recei ve pat hs can still
provi de good performance nost of the tinme since |arge
anplitude jamrers are present




intermttently. The secondary receive paths can

provi de substantial power savings if they are used in
wohems@eedict he primary receive paths. [0044] WheaTmsko04/042783

operating in the diversity node, either the primry or

secondary receive path is selected for use dependi ng

on one or nore criteria. Theskd criteria may i ncl ude

(1) presence or absence of |arge anplitude jamers in
Tatles steva wedmbbdimadnt dodsql@tinghrecales iprthdbased)mal jatnenez| detection and

Table 2 sh?ms an enbodi ment for selecting receive path
desgygd signaldewily on janmer detection. Table 2 Jammers

Receive Path Present in the received signal Primary

receive path Not present inTmh@3received si gna

Secondary receive pathTable 3 shows an enbodi ment for

sdl ect cei e on j amer and
daesir fﬂ]Ir%l ﬂgpgﬁnl e\ p?st“l’l"gti]gli&i’a | gée%:et
Racei ve’rd%ahﬂ‘l Present Weak Pri niary redmmﬂypxedeiwpath
Sgcondary Oor prijmary T eCcel VE rmg Sent atron%é )
dependippgen povier | eytingof ng ‘?CO qUY 5F BEBREY {Rgsive path
Sgcondary recei Ve path Not pres dppen: ﬂgcﬂii’g"’g@é eFYghpljammer
[ 4! KB, pidldh; Larjge anydkude amer ssdpady -ilerlul ©
g
| gvel Nexgaresahs a |partiSttdngr t hrijeshol dSecasdate seeiveguth
betow—The desiTed signal— ey De deenmed t0 De StTrong
if it exceeds a particular signal level. This signa
Larlge wépliomie jaenttepmag eatdeamed e baptasalt ipehd mremed eigodl if their signal
t he secondar ath a be circuit
levelfcasss oA R B GO h@gms eﬁﬁlgb@etrei% Jﬁngﬁsiwéé&% may be deemed

to lﬁa&fb Vit %kéé%d?g gQﬁ‘%ﬁﬁr 91 ARG, e[rh!ist s‘?%da? 1dv&t fiay be dependent on the

recei ed sl gna Ity Or signal-to-noise ratio
actiBgR)fprmarcotof ltleacm:m&tam pghailndsnaryebﬁgctltcultmvi/emptamﬁnlt&tion dependent.
bits,. and so. on s.is wWthin the. scope
The sjeion recfty&f% h l}w alsag ooy § et orfeffius Senal qualit
or é’iﬂﬁ:ﬂ-téln%iég %tid"gﬁ Oy BEredsivEd El@ﬁ&l%”u@n%h Power control bits, and so on),
’rect -t 0- baseban archl tecture
an@hp‘es whbiretho dgone ditshinveionr e, the received signal is

[0045] A receive path may be implemented with a super-heterodyne architecture or a

direct-to-baseband architecture. In the super-heterodyne architecture, the received signal is
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



frequency downconverted in nmultiple stages, e.g., from

RF to an internedi ate frequency (IF) in one stage, and
woheos/ob#saon | F t 0 baseband i n anot her stage. | nPCNAIS2004/042783

direct-to-baseband architecture, the received signal

Is frequency downconverted fromRF directly to

baseband in one stage. The sdﬁer-heterodyne and

di rect -t o- baseband architectures may use different
520ai andU20bhhay ks vastifo rrectw'maepalh# ﬂ%@asmtd 4200; uéspectively, and for receive

pat %&db{é‘{i&e n%t(%c gqsgcg::t‘rl%]d@mw aF Wé@gﬁ?@k di ﬁgcre?\gg Sath $20a is the
pmﬂbl{yergécﬁ S RRSERAFALI R Sl 5%1&' ki @@%Wd@@rsﬁ? 96kl Rl path.

oth sin e-‘antenna term nal 110a and Tul ti-antenna
[004Er mi Veithis@bceive PatiG520a, a R iS2da amplfienidi intes signel (Pin) with a first

B T T A YT

conhpbnbfts $n %ﬁ%ndbﬁﬁﬁ‘cefe@&ﬁl‘d‘&@m@% Bst- 20k dardske 2B Rindéstred signals. For
provided with the sane input signal, Pin (not shown in

twonay csymmme@@me Sl;gmllh 1 poBsaited spoblteepudy s B fesward link and
320
rev%rse 1 l?cﬁ}lc\é %812 e(il gggﬁ sgﬁ}q)gftﬁg P%lgaﬁ R% gﬁ%g%r)ée llhE 18 tglgcally much

Ve p

largdef @Vardgtugé than dhd fosiont si i) Hr thé Ohr@lasd likk. nFl&BﬂSﬁaﬁnay pass the RF
respectively, as showmn in FIG 5. The RF portl on

of
compamenty dop HieHe v IS AREISY O SFHS- Soclremetpor tor8 9 dbin for cellular band)

w0 2R o EORSFENLSLY A BB ., o

824d es 4ObRHD bohe Rehdarvbarpidt hFB20a626a mhe thus devey a passband that

recei ve path, d receive Ob is the
COrEERQINE 4Py ANGPRFiE quqyerrcéfcr@rl%@%@t Pf Iieyest7Ae- gy fhiufpn).  Because of the
potérﬁ&ﬂgvlgrg%a&?fe v1n %e\/@gns?ﬁﬂ%n&‘qpééﬁé @i%nﬁlhl%vélﬁ‘ pﬂfter 526a needs to

first variable gain
provide tadarg'é 26w uht bf @rts)ftblaad sdjeptizh ifi Dodnr‘t@mewsyatetmrqqagsments Filter

520 SSTRSESPA 3 e 208 B GO RTINS s o

off %ﬁmiy Bfté@hbélf‘forsdpgﬁédti%nﬁ&&uﬁﬁ@ﬁa&’@é hi@shuglion bt BRESUSANd signals), a
on the forward and reverse link. The transmtted

ceramgrfdtersmspnbwtheméyneexfrﬁltnal on the reverse link is

oo 2 R e o 513068 Nt Bl s

(G Eaﬁ@gﬁ)@ﬂﬂéﬂ 8 firQrcohfliGioh&r Sy g Havapudeisitangendidet]l. VGAs 524a
IBrom 69 to 894 MHz for ceFI ul ar band) and flgrllter out

andaﬁq?ﬁamwd@ﬁ@ reqperqeplifiraten e thePin signaly whichirpay vary by 90 dB or
mold, gL b oL BRTAS I R, MO Bl cgive pun.

doWﬂb@hvcﬁfﬁT rseezpﬁa&ds/ei endafte@Rhey éoxfm@mue;ms:merfﬁgtgmh&mndecbﬁgnal with a
terest cel | ular). Because t he poten

firs] 5pg%g1tﬁ1 fafl@ PRiVeS AR5 Basebandesienal rf@aa?w of é«hﬁrst Yo signat is

selégget\ﬁeé@h thiy! sfmg%aﬁ@o gt ﬁlothe @ ARl bﬁ{rﬁ&e&r@ WWBtvnBdnverted to

t
band rejectio n order to neet system
baselmdldraamﬂltaseba‘ﬁdl Fer CH2ba, eaaly fisquéntylbane ndeds miah ) RE channels, and

rf e i1 whi ch .h arp. .
eacﬁgﬁﬁ %{apneg S ?‘ 2 q‘i\;\@ﬁ’ Qf(sle%% aémllf S itgAun ém]?qﬁryr{&gelves signal
on b BE cRidneM3h AR mAHEm Of - band signals), a
[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



ceramc filter, or some other type of filter. [0048] A
VGA 528a anplifies the signal fromfilter 526a with a
weoeeoawsrd4siar i abl e gain (G2) and provides a firBCT/US2004/042783
condi tioned signal having the desired signal |evel.
VGAs 524a and 528a provide the required anplification
for the Pin signal, which rmyl3vary by 90 dB or nore.
Addi tional gain may be provided by other circuit
(e.g) Bakerwantht, hdliptiagi Chetpahéy, @ddeonmonwetit ¢ie p8Gmr filter order and
recej ves and frequency dovvnconverts t first .
bandy, h‘%bt iBedV 1t GHAFCIGHT R FITER (O @F%né%ne%féf gRdy fyggnic range
re @uélhérﬁ E@‘@ Q@Qﬁta? 5@(553;!r>rovfﬁl%§a i Q GURREbRELIAidal £id thOD1 signal
SI gnal is s 'ected such that the signal conponent in
for tltaejamarhﬂatmmr oéﬁn ampbﬁ@s%%@nuﬂmﬁe ond buffend thefirst filtered baseband

and b se each frequency
Slg‘i@iﬁﬂ‘? %@pgmggﬁﬁk Q40n RF channel has
[0080PaNCHY Ebhgéhteralo@%wow&eswhé FlrasEO tsegnal Gsd foydivaRbhvert the Pin
receives signal on one RF channel at any given nonent.

sigiadOa@h RE|towprsebardi | L& goammalor Y@ may fhe implemented with a voltage
con%gﬁ%c? dléaftmg : Oi & & GSOtB%etP’gé QP@cﬂf;a%F) th%%e%w%ﬁ‘c;’ &ethe LO signal

nteres renove noil se

is sUReted isticthat theadignal b@’hp(ﬁﬁ%)dt hethg Rieclanhed df\intehksat is downconverted to
downconver si on process. the direct-to-haseba

nd
basghagslior 8earchasebandj Asphasg é}%?kﬁ%&POBé%Li Sacisgeiyes the first LO signal and
genefa‘?eflz;le&}ﬁ% roP ngg%lq{oﬁ R%n%ﬁatt%r Sied s #\%@?ﬁxefﬂéqh@ﬁ \Rzﬁﬁi%r phase of the

nel I nt er est
first LDtsegnaSth(lackaiyo IaeaﬁerqnbcengmzﬂeédotvshanmFI@t@ filter

oS i T e P S R AN B0 o

bas%e{nla SeHal (SN tin RirfiSar GHAdRP bs }&eﬁ@%tﬂ SWrFéﬂ’ea%H Qeceive path, the
dynam T range requirenents. Lowpass filter 540

freq;uenw dewneoniversin fmay be pedotrasskinayaioss grahersn d:qf lesample, frequency
nal for the ja r tector. ifi.er 2a
Pracpiod i, g rned Bl HhbPls e RETRRY HERtRR to bascband, as
sho%)ngi'iiaFIGirBj %@Yte@ﬁ&ldy%\%cbﬁﬁerﬁﬁh Rhdy HI8S ®easeefoseddl sampling or
(Pout). [0050] Ana]é@mgener ator 546a provides the first

digitiging @meﬂF mml(d sten eong drer alisgimgmrapatygphlate samplgre to generate

e 5080, ARERT BB T PRI oo wit

mideyEADTs Ofikdr! @lor foertﬁvrfcbﬁ(ZB#&B SB0af abdAIDO @iggnNfdr dswnconverter
selected such that the si gnal conpaonent in the RF

530bhandeio ot RAsappking m@y &’6%@ Aty denplesnapiedeom g sgpondary receive
pat}?ﬁg(ﬁ% Qﬁléeeﬁlggqemf%aﬂp She glgﬁlgld | oop (PLL) 548a receives

rst si gna erates a control signal for
[0052) geREGabashold Gaspeuitic debigh ﬁ)heedemqnmyzmﬂicbﬁzqmahegeneral a

rec%&@,{pg htglwrz]%}aﬁl&% ag conlfiggglgr]%k%g%éggé ogg{q%é g@égq gtl gmghfler filter,

miA¥k OASRCh, ctﬁhﬂ %%ﬁh anth P Snddder &#8EPHEL shown in FIG. 5.
out put baseband s gnal (Sout), in simlar manner as

Morawvet, \aerepeitve paitOmay Forplaacther en:em/blqohs hot ghoavn in FIG. 5 for signal
conditioning.

[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



frequency downconversion may be performed in various
manners. For exanple, frequency downconversion may be
woeodsmesaad by m xing the RF input signal down POT/US2004/042783
baseband, as shown in FIG 5. The frequency
downconversi on may al so be performed by sanpling or
digitizing the RF input signéﬂ and using the aliasing
property of data sanpling to generate sanples at
in reasied path. SFaeguappigaltionaronivad @reits 30eedateda Sp@fierdnequency band

© 2iofalbR RS Db hih bl 007 SR o, Ragomerer 5300

ma§3 %Qki)r%&%teﬁpwﬁﬂ-na%%ﬂfﬂ’ tir\8ts"BYachRvE L d8Bdd linkarity over a wide
npl errented on the secondary receive path 520b sincé

dyrtaiméc gpegsi. f iThet hanewlkand eirawd! block§ 00H2 sen@tcling rovstuaed circuits,

indﬁ@tﬁvgrtgggn%gt?ci@g gp{} gﬁﬁrgtecﬁglﬂ%gecggltﬂg% Zongarbﬁ)gii eSa%tOt%' ach{]eve the desired

perfRidhdd. ONdwAshsy SiltBE5AUAEM Y béfﬂd_és@%n%ﬂﬁb@i&ﬁa edlatei@py} sHakg fFoll-off (e.g., as a
filter, mxer, and so on, which may be arranged in a. _

5-tll pfdee eBipticatelilies) irf prday tohatiengafe e amplitudegammstei/ e input signal.

a_r.eceive I . Ot j j t .
T Rl SR AR TR B8 sty e S Al ro RSB By Bhrcaugat ADC if
the§ heBotr RERdivalypAltEed SIWR gamdatd? o Rvdesigntd éo haveegood phase noise

circuit bl ocks. However, different circuit desj

perfmasesd Hogenerd. gqadcRprtormpReader the Flaud W@Clﬁa‘f”rﬁgi%gfgﬁféneg path 520a
typg%?% gﬁ%ﬁe? ﬁ%g?ﬁ%%hfggrgéﬁﬁngfréﬂ Sibpdn€ '(é.%ﬁéc}gérvga!ﬁqators, inductors

ves rimary and secondary - re
andpatthmsis{odd) 24§l 14rge emventpaf biaS2@zents desi gned to meet

i cabl e systerp requirenents, _e.g., linearify, . .
(0038, i< g athama08 afis P EREY ' 6o i @REAL sindrghith less  stringent
rquﬁcgﬁléﬁfﬁ WICR -asdudfes RhatClafgeUddpl RLEE kdhflerk 86€ hg@ﬁ?@éﬂﬂ in the received

20a are typically narrowband circuits tune a
sigsghe dBdcausef ofethadassysttingaht equitementsl MAs 524b PGS SB8hdJownconverter

or..exampl e, .V .524a and 528a .and downcopverter. 530a
S5 e TR PR r L TRAY Po et oV R B Lt S EAmponents
(e.8. henslRs ichpatitols) @RI smialieY @odniéd i &isky AarEne NABAE 524h@nd 528b and
narrowband circuit bl ocks may use matching and tuned

dowgqopuértes 530 thaythevimpliseented wither usigdndickar (which dypically occupy a

SRR 0008 ol ol L oo i

526 e} B invbvesBa ipthl @l-¢hip tircic@nponestsandeddrofendkiernal SAW filter
elliptica fllter% in order to attenuate | arge

(wWhigthimiay baaiepdadrier Slteho2Ge Bapise drghaplitnde danmarps assumed to be
1oL 8, 05 BACA Al MBI IR R o sconcr
recéiivé pathenl a nhadngetoduaharredubbponsr desumptidn, taved) and cowoflowpass filter
hase noj s erformance. In general, good. perforpance .
54Gbopay he Wﬁ@ﬁ?&teﬁ PBENS TVERPRT dee 8 gap%r% %%flﬂgtwa? filter) than
10\»@)\4&1 ﬁl?érlﬁ%.e@'s‘i'n%%?s% ReridSEiRhit REGR techh#ReS réilie path 520b may be
onponents (e.g., larger capacitors, inductors
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



and/or transistors) and |arge amounts of bias current.
[ 0055] Receive path 520b is designed for | ow power and
Woi2005/06€86 Stringent requirenents, which assunBeTHISA04/042783
| arge anplitude jamrers are not present in the
recei ved signal. Because of the |ess stringent
requi renments, VGAs 524b and 928b, downconverter 530b,
filter 540b, and anplifier 542b nay be designed with
mag baldsed f@irzeeivd paths #2¢ompbh2lin; sespectiyely, sndiforereceive paths 420b and
capaC|tor%2].§a[5]Lg3h mal | er anmounts of bias current. VGAs
420g>vaspegtiyelyp - downconverter 530b may be
[0057P! €rRpithi ﬁdre&\elw?% SFaNehd BPMELRAS (PMY & ?qm&iaby ¥ VGA 614a,
occupy a large a or by using i nductors of | ower
f11teqe«;hlb5/t:yf1(twh¢lﬁa each d@wn@myeﬁeé frei BF tarlEd)y. a Feqrencysitgmeonverter

ooy TR BV B P b T BRE i e

by h ®andgaks ﬁrteﬁmz amPERaLaR] batfged ayphi ich 8OBETa8d &o@nconverted
yassur?ed to b se%ﬁfor receive ggth t he

Ob
fromv Bt 40 |bagetiand gy ablseqiiesey idodmean rtes é?)@m | Yhe hasqbpad signal from
do AR TAR Y05 3¢ i reB T By esUHIRF 64D ahdtehfpifiel S Hpsfered by an

ampleer®a24 rmémﬂamm@ﬂrsv\bmtbu@bdsmﬂ sindePo(®. 9., as a 3-rd
order elliptical fllter than | owpass filter 540a.

[0088} ng For dcesupsi-heferodyng e@mtecdvé@, BFndpawHlicg P62 Tl ipaplemented
0 f t
i $ ARSI 5y BATRd 7 RN TBCORYY (R PASAAR o pushand

corespordidg aconcoRFahatied, iastead o quiengxt fgquescebarsl)pdf ithe RF channel
scale{rfi:ﬁgﬁ1 1§3éqoqﬁoprgj]@e Eﬁly%@p @é@% t\%g%% q’ﬁ:ﬁtgﬁé@%flggnlpg%ts ?or lowpass filter 640a

nm% Eﬂmgﬁterodyne architecture and may al so be used for
single-antenna termnal HOa and nulti-antenna
[005%]' m el Ib@ogerﬁeaier \,@16216@03\41(&13& adéisstt WO rsepel v@seplatfcbrs RF to IF

dovglf?g%y%g%n%@@teg?%qp y dé}S]; rfogelé:eft% q?safb: ownconvers1on
TypR&dIRS thd20as #Red, 3RO bre L‘ieﬁ@?%ﬂﬂeVﬁﬂsV LOI rFal {s seFecte_HbelclRﬁlat the signal
portion of receive gat hs” 620a and 620 be used fo

compment/ia tbeRﬁsphamé OhiderasiGe dOWé%@é’éWd/@l e fizpd IF.cind The frequency
ecei ve 42Qd, respectively, in FIG 4.
Oftf‘ gri!\alilse%el €)ééjdpat h 620a, the input signal

[006@ n) Re‘éeﬁﬁﬁialtl‘f i620b mroces¥ésAtHe 19, sikhdlt i @rdydes fhel §eebnd output
616a, and downconverted fromRF to | F by a _frequenc

basglandcignad @), g sianilarmranper a5 Agive PAYAZIBWRSSAIVE Aty 620b may be
Ay RS VETRL L S Y 8 s P b s over

cosﬂﬂi]ahit}idsebffez&ae pathdb26awnconverted from | F to baseband

a frequency downconverter 630a.. The basehand si nal
[00#]0 RsiHEBRDark & KBk Feeiys Pty %%0 %gfl ‘&@aé,%ay © implemented
w1t% Zléeta@&e& %ﬁas@ﬂ&xdﬁ%&#ﬁ&hﬁg of it L LiRtgdaRe eﬁ*éhlé@'fﬂré f 56F the direct-

tain I rst output” baseband si gnal
to-HaRehst}l .architecture, each of receive paths 420a through 420e may be implemented with

VGAs 524 and 528, filter 526, and frequency downconverter 530 in FIG. 5. For 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



[ 0058] For the super-heterodyne architecture, bandpass

filter 626a may be i nplenented with a SAWfilter and
woayospesdior m RF channel selection (i.e., may hBCE/US2004/042783

passband corresponding to one RF channel, instead of

an entire frequency band). |f the RF channel selection

is performed by bandpass filtlér 626a, then the

requi renents for | owass filter 640a may be rel axed.
on [v0® fferéut RIOchamelsatldris 624Bbilidy owdydes usefiili fos tvati@ssapgphiadtions. For

T Bl 50 T N SPGB o
RF-%%&‘T’Q fr}ém dfaeor! thvol ysteinéedhs AMtRhdrTRAMPRC Y teimihfewith B§E capability

signal is selectéd such that the signal conponent _
cani rpetfhem REwbHemnssdted fhandiodf dMAHO)d t ethe ebest obashe stations  to
fixed IF,. a the frequency of .the second LO signal i§... .
conpigepie yUT SO RE G Toe et RORTRRT a7 Boatlad e flation wit
the?éﬂﬂbti‘%/ 1SRV ePpARY € Sarl HighuS@RetelyOsshitht fob sigailamebns bgRabase stations
ou

, in simlar manner as recejve path 620a. .
witRélesegendsay recsDepatnyTiie vowlsl bigp allew thg tommaiat Eqingtiate a hand-off to
| ocks that c U I 0 , snal:l er. .
e Tl AT O sr BB T LB foma. 1

indéf@ddt dpefatioh iof theliitkary andFbddondary recivevsatlpat het #eeed, then one LO
through 420e may be inplenmented with the
gengrateigpay be shasehintpthiekivedethire or the

er- i . t I; 1.0+ : .
00f 02, OFSEER BATEL bR, il E e prmary e
pathdh(receiie pb2O220min HE. 2nyeceive phihd 20 tiln FUGAS, r&@dveapaths52R8)a and 420b

in 5t 4 e oQ\peith HRb PO i dPHFRGE GO, 2034R 0P Pheayp designed

iSRS £ oy B B Mt M o i

povereqoéde cthe doeni oploekst xS, e@plifiend, 68RerBnakl & of) Witlos2he primary

recé\%)%{%tgg%%g( regafigﬁr@aﬁﬁﬁﬁigé iggg?%::][g?xﬁege? gﬁﬂ%ﬁv sgﬁtarsﬁhr%wrénqents under

the SRGOOARE VpErahiRd ¥ehdddr) Suchl B ﬁlo@@%@@m@ B98I ®r cdma2000. In the
primary and secondary receive paths to operate

lowspawgrtnaedse thsl gircaii dlooke spbi detirimary rerebeashstmay be biased with less

si gnal san . i.ffer = hj il .
a0 238 ot Pl TR 3008k n T b IRGE b opcrin
corldRIoH, Bal, witt o jdnirSiers @p & hinpYitucia Jath 8@, VEhet pimary receive paths may

si mul t aneous transm ssions on two RF channels from one
alsq pe dggigrspsvihgnoradhanniatonRweE apense With meeRuHsnt Hiipg used for more

i : I, k1. can perform nobil e-assi sted hand- of f
Sev%%@jﬁ?lg%g}é‘?l{e%?' t he best base stations to conmunicate
[0064T h. Mgy twerehdsnalystemn have eirnv epen tlogmn sramssit oqpowWer ospeeification that
. serving base station with the pripary receive path and
dictates the MQUQHQEG@PW% tp gise At dE‘gISéW? fhiBRFBEssiggghased on the

recSiv@d bOWSr level. A terminal typically does not know the transmit power level needed
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



with the secondary receive path. This would then all ow

the termnal to initiate a hand-off to another base
wereaisioessibhat i s better than the serving base BCaISN4/042783

if one is found. If independent operation of the

primary and secondary receive_paths is not needed,

then one LO generator may be Idhar ed by both receive

pat hs. [0063] Although not indicated in FIGS. 2
diffefeno mggbnitas fape seleanpd fariusy., Thiseopeniloep powerdistuebapat hey result in the

(recei ve path 220a.i eceiyv ath.320a in
wrapg dangmit power l%épbﬁ‘%usfgg%r tﬁﬁﬁevﬁgﬁﬂlnﬁﬁpﬁﬁ@ss’ﬁ?n recei ve
[00@§1t h ﬁgﬁ 7 dholek G bléek & ra'i&@?h‘éﬁalpﬁétﬂ 18207 1700 Ellla@m@ be used for
esigned with ti pl e power nodes, e.qg.
duablaglhnmmmnunabdéohmd FéGl B Reswiver #0Q éncludesttive dergjhe paths 720a and

circuit b
7oy et Gk i i o phinarg Pl i Bliper 714a, which
furtiBYcdiBleR it6 & Bdnithier Bhig (TMURY) €10 ahdaiB@Ebn@OPIdaC &iptexer 714a routes
systemr eqw renments under the worst-case operati ng
the ¢raneihit istgnal Gowtransmittes3aitsiOde ppisandY1lamBiriser rotes the received
s1g%q{tm Zoglgtﬁ%na 7f%§t}) fgcggé‘geg ﬁ 758 .eReéé']\'?e gétﬁ gfﬁgé 1%; h%csgﬁondary receive

path 868 c6upléLhdta SAR N7 $4b, Ithmﬂirthap pbugﬂaaﬂoemﬁamémmﬂ% For this
requi renents under nore rmder ate operating conditiagn

embadgmentyfhetferpingl-0nte Fianypity GmAHANAE ddéa pghielgtenpad 12b. Antenna
r

TP AR TPt S0P Uat g I HES ey be

intefie] @nteeNE ra@rmpe&lramtenmg mnmetqtlm tygeQtfGvhienvany vv| rel ess

st e have an en | Qo power .s ifi
OOt TRl Se el ot LIS Thdn AOHSliad PR LGRS . 0 voa
728208 f&hﬁértcgflfov%obﬁ@éﬂ&ﬁ@@é odnlo%ﬁﬁdfﬂ@é} 74'03 ERCEI Y8 11f1er 742a, all of

power Atermnal typically does not know
which dnsation qmimnbedmovm add@S. @rthraighdb| Be@@math&aﬂb ancludes the

when t termnal. is t wer. ed. [St. start
s, ek bl BRE EPUAReR du fSbaf olle F20a may be
designelf%n%yas&?t@lﬁes SR CLobfpliagt, hRE tHY @kt Kbcl@ner ateivB§iath 720b may
e. he athlossfor the reverse link is assuned to
be dﬁé‘lmdl and basedhforgaw powss s The gireuiteblpelesfgr eeceivaipathThdda may also be
est| for the forward
des gnﬁglwk@%@%g pzf Wﬁm%degr 'eaggg%g (lfi?%oﬁlnea base station and

[0067N deh efifstipetdiag ansaeNboth redehansittist720awad 712@3 M&&el&@ﬂéd for use to
the reverse link transm ssjion based on the fo

achjqva divesaisr &9B Al m@%\ﬁ&mhw T448eance Y Ain e bath é&q‘ﬁ'iCB?ﬂeéO the “A”
posMotn é}hﬁgéatsé Mebouﬁ[g{*x nantdhﬂ65 e&@%&ﬁ@el@‘)i/&eﬁltér?‘?%a and 726b,

nge a end ferent antennas”ar
respéeheﬂyedlff diversBe.is Titot Sieededn t}hanomlmwecenzb phthr B20acer MAYb may be

result in the wong transmt power el bei.ng used
selqetsd fon@ss depspdiag anrke pp%fﬁ%s sddfion. [%emgﬁwp@ EPeraiidy, gypde receive

patlg7§d)é)ﬁ§ %bfég &fif fir lﬁ’tﬁﬁ@ d’n?rﬁ@x‘s‘é?é’ d&@&ed hP&r tABYmode, switch
e use -ant ehna ermna HX® in FIG

722XRec ewiteired 70 thei ‘hkﬂ ped@son; wod the cefiregegraydpatly 700b magl be powered down.

In a third operating mode, receive path 720b is selected for use if 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



720b. Receive path 720a is the primary receive path
and couples to a dupl exer 714a, which further couples
woao@/obssansm tter unit (TMIR) 710 and an ant enRa@T/T$2@4/042783
Dupl exer 714a routes the transmt signal from
transmtter unit 710 to antenna 712a and further
routes the received signal f riém ant enna 712a to
receive path 720a. Receive path 720b is the secondary
accoamtefov thepatdivahsl gnd yowes nteasweBams f iSwtitches7120a, andhi22h can mitigate
eféﬁ{rat her co&ggxl s to an antenna 712b. For this
OPBBORI PHEt ISHFP@¢% i nal only transnits from antenna
[00&% a ?I@; 304 0ARtENBEk dihgRun AN BRRBathl AReivBY 70 tHAt may also be used
| p/ di pol e antenna or sone other type of antenna.
for Autleamennid 1@iminalyl 166 iaEIGrﬁ.eRmdiV@ﬁﬂé mrrdudes typireqede paths 721a and

ntenna, or s ther . type ant enna., [.0066] Receiug.
12 e g Yo aes mdsliar e AR 7 25 CBAR 746 in F1G. 7
HolvkldrebwiafRa, 7222 Ve 7282are ®ldcee QRN EteOTIBA0MEET LY, respectively, in
730a, a lowpass filter 740a, and an anplifier 742a,

recgilve paths \WRilz and FRALh.itepegidved s & filbes724p hoe beiger algaggral gharacteristics

t hrough .6.. Recej o ' . o i1
T e T T T
filté1€TXBbY €n Rehdral( 2Raciag2Dead @8 ilgaad @ydhbicashintrocdiee path 721a, and

spec-conpliant, and the circuit blocks for receive
switly 722b 2oty bradpcsed asyhsie withingeesi X RAh /840 ow power .
ci igt . i . . al
003, ¢ Gk e et Bt Bliok BBt ¥ AL R0 BRI Bused for cach
of thbdvepass AMBH] shownainfFIGSt 4pHandibi gpwimde filtbo940 imebeley e single-pole

BTl 98 S0,1200 1 SELSE B Lol AL on i
im%l?ﬁl@né Whi ¢edolcO EAR ()"t“'%i-qﬁé@fﬂtéloﬁélcﬁ&ﬁ PRSI i?l%%ﬂ;énts a pair of

0
LNAs 716a and 716b, respectively, to filters .
comaplelx paBh., A Bdpectareky cllipticel, Botteinoyth, Bessst, arddupbpichev) filter may

then either receive. path, 720 20 y be sel ected
be IgRCague A e HEL RELGRRa L P DOAPY i on. 1 n'
[owepondr}fépl%&?hgsnﬁném%; theERbME fadlshmay Qdsol Be HBpRE{RRd with other
for use if large anplitude jamers are detected. For )
filterhdesigme.d Eurtbesintasty the dewvpass &iletsciae thet pyimay and secondary receive paths
sition and the entire r ' ‘ b ray )
maf SreruE it i U e o BERLP A8 Salaty LB odfple. ¢ St order
lowpaQfilt& B8} BELad fo thelisiemérdy rBekiyeaparBl #hdar 3-r@order lowpass filter may
anplitude jamrers are detected. For this node,
be userliferids seppdaryiecere®itir e both switched to the "B

O35 Ry B LR L Oy R e o
secohdargirecdive phthofok shafdesireds fiequelncy 28ad iin selected \fer pat llepending on

720a may be powered down, LNA 716a nay also be biased .
wheghehor pelgapT LA deethine ereﬁaw@r sigiady Japmers, pigglarge amplitude,
unREERLLWE.BRAS afsnﬁatrcgg%éf&@ iR @RAEd PRWRId G851 Phe detector input

nmeasured from antenna 712a. The overall gain from
sigsals teeld feRRnnter aeeciién sy bé Bbrmnedimond eamousipoads flong deahceive path

oo T oREHtP B COGHITENGS 795 4eGrr 790y sigpels may be

broﬁhﬁa{nﬁaﬁi%nals 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



open | oop power disturbance. [0068] FIG 8 shows a

bl ock di agram of a dual -path receiver 702 that may
walew/dee1ssed for dual -antenna term nal HOb i nPETBS284/042783

Recei ver 702 includes two receive paths 721a and 721b.

Each receive path 721 includes all of the circuit

bl ocks in receive path 720 inFiGg 7. However ,

switches 722a and 722b are pl aced after filters 726a
of meqmﬁﬁts Theis peadd thehygive jammeereiclasepint mere7@gighbhigietl jammers farther

%@ gﬁpectwel y. If filter 726a has better
AW ESIW characteristics than filter 726b, then
[OOZ%r oV RESHIIJTRBES sHBWN e FIBS a4, Meghdoy, tHe 1dvebaks Filtérs also provide

a instead of filter 726b. In eneral switch 722a
the rgyeche inpatasigthls () Waed D esediordstast Fer @atmespzm of 4argmers in the

rec%\gﬁ%(#] SL,%Q%I%ZbIP @%g?bﬁ%ilﬁe% %féjeh anyy 8re it ng”s%%rr]lalg atrg ‘Ezﬁée}{ after single-pole

fﬂtér%@tmzlelhttmlo%ass fikdreh may be used for each of the
owpass filters shown in FIGS. 4, 5 and 6.

[00f73] t eFI640ishewa ddyogk diaggine ohayammer deipctge é@% rwlgqbz may be used
for?h _{agj %gc%?ecgdﬁé gxggIC§§ F’% '30%3 gﬁnglZenrﬁé %%ﬁ D%S'si%gég fﬁloihg primary and

secblhdﬂyl asteive |ph&1fs afe&@tmﬂﬂ&&bﬁéétlﬁﬁd 1987 amip]()SrZ’a,rﬁlﬁera:l plawpass filters
poles, A 5-th order

105and bR, b And proyided o gPmpRBIyE: Hgﬁ)a Tt ago ﬁ%ﬁpeﬁévely Bach rectifier
1052322134113/%%?&? ga%t]hp ﬁ_lﬂJéllt E\leﬁoﬁn' 4 El‘ﬁﬁso‘?&%ﬁ tsigi’lﬁﬁ (Wite go_ﬁﬂee and negative

wpass filters for  the receive
ampla'mlies) toaysiagls-endbesl §1gnl éwﬁhtoaﬁy positivectryglitudd)l andrmay be implemented

) h , filt t
withs s Eath dotimnar HSa s e elof afaRienith  single-
ord¥f tl@wfzﬁ@ ﬁl@éifeofo bn éfpf‘(ﬁfr&% bahdwiREh 4&8), %%raf@ﬁmdred Hertz). Each

exanple, a 5-th owpass filter may be used for
compaeatpr il OEr gompaees mﬂm& signnldagairst a throshpdd lelvgllxﬁétb)s and provides an

outP%tOs;.&r}al Agﬂlﬁﬁtl%gﬁg }%/\Ez rfﬁgl?”ﬁ@ é¥%r ecgll arﬂpl ge is larger than the

thréth¥RI BI41Y indRsdeing €hd b@@eﬁoaa)fnﬁffgwmplnﬁdes 8l the received signal,
receive path for the desired fre uencg and i s

ands §})elogisd lovo (‘0s ethgapisdi Refeear Wpae HOPS gronpupesj Bign@itgut signals of
ar t I r r

oSS Lot St A 9 APV S8R 252 552

or452,stort the desired in-band signal. The detector input

nal s used for jamrer detection nay he obtained fro
[009 i odB ZeeirAk W%fn‘éet%%’@nrfé%m Ber&amdm%e%%m)oonly the D1 signal,

) :oﬁ %Z%fgl?a‘ffor §)V]E oih OB a‘fl naF'STVK\AQtﬁHg%H?F%“t%S from lowpass

S|gn e broa ba
filtérs dqbenand 1054 p amesebet Mpag;ed/egmesq ttwl thmsh@jﬁﬂe\ted) as slopvad in FIG. 10 to

oL TR CORP e W B, ST oDy ARG i WEieEH B an ADC to
qbtgﬁ rﬁﬁ‘lﬁBféeﬁlas dre8Q1dtRdnl eria /e st R Bl nla9 PeNRedeSdI&H either the

signal "than jamers
primary or secondary receive path. The jammer status signal may also be used to adjust (e.g.,

the gains and/or bias currents of) the circuit blocks in the primary 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



that are farther away in frequency. Thus, the detector
i nput signals may be rolled off (e.g., with a
woiowstocerider | owpass filter response) to al | owPEDUS2004/042783
di scrimnation of the frequency offsetof the janmers.
This woul d then give jammers cl oser in nore weight and
jamrers farther away |ess vveiQth. [0072] For the
enbodi ments shown in FIGS. 4, 5 and 6, the | owpass
enablekltte psocassstbe firsh wipohé snghd ifl largmmphuud@mnm@rg el geteeid (block 1114).

0 R ok 250 B G5 i BRSSP HEIBIEross e

signalie 12sEakhaken ErsSar@ abedfiedted filbdker116). Th
“mgggyﬁgnlgﬂ ' % e ?ompgggE?Hftérs [0073]tF|G. 10 - © primary

andsfeoovslagy mccryle paﬂagarcaho@fenabiednﬁﬁxe reltiedieina temgnalyipoperating in a

Nl Gl o Bl IR LR g B oot

simuB&RIoVSly P H1Eiriéd] @hiraektiftics de.BY g’aﬁl@t blﬁs etﬁﬁenlé}iﬂdl saod) of the circuit
1052b, ? | tered by Iom&ass filters 1054a and 1054b,

bloglscinpthe\anallad treccivenpith@) ray alosba adivstedoged on the detected jammer
t t
sefIBR IS PR SRR L0 L

[00P6lsi t IThe lawchowed diviewsttyaoqsiver Wldsdribed haredn oayl proenﬂd@od performance
signal (with onlg paositive anplitude) and nay
for ibﬁg'! HRBIGABEIRR (2R am&rl@aaennﬁé%rﬁnv%wa ) mpqtt@ﬁraf@s&omons The

woETRREAR b1 SXRTOAE, ATy 4 RS sy i
is theverat dhieotbledretivad 31gnﬁdetrelcmrbé?r)ath©uamm56 o mp araxsmum signal

EERSTRC TR ETEIN R SERT k ECIMA (T —

conﬁltﬂen) id b fohe Eéﬂabﬁﬁﬁ Cévﬁhlgnqioraﬂl’@ élﬁglg—%nteﬁné a&a@halt IB low-power
t he t hreshol g I evel, indicating the presence of |arge

secampky recdivej patimsray enusedefor amst vpetangaeiditiensd Kq)the multi-antenna

et i Bt e SEn Fsbup SRR DTBe st hsgime. Forthe
remh@P 5886130 E@Mbﬂ&)‘f th¥@mk 24T sle St WSpth @8 betuRed, QAL IR secondary

unit 252, 3 or 452. [0074 In general, jammer
rec@@@ pathj oay hayelb@tecb ér }ﬁtﬁemlﬁb‘iﬂaﬂnﬁh@fé e afldetected. gfor both single-

ant na%ld \ﬁl?iz n%gmyl ftérPr er e ﬁ}gc?rta% rg% ég%(gagi IP%:I Rt e}%gg consumes

less]{QiWcﬁt aﬁtﬂ fn %@bmytah&bwﬂm @E’@ﬂseﬁ@altmtredhla%ets lane sitiotithe.
as shown in_FIG 10 to obtajn_a 1-bit output

[0027ﬁna|Theﬂﬁys@wqr| dgrrely s3oghAT Sespaiped heprin anay Bt ﬂlﬁezdeépr a wireless
teniﬁ‘fn%ptoaf%cé\%:f&gzai)cpﬁ ng@;h%éﬁlllsefr tl?as@@ Ali63O! T'ltn P?}b& diversity

amer status signha e used to se ect e|t
rec@lvemmay alBo teased dara/basecedtiva tpatdeivellegejsahnk rtraalsraissnsns from user
sjg al may also be used to adjust (e.g., the gains
te or bias currents of) the circuit blocks in the

[0098] MRFhe 2N -PEwSCERBARY Vict&6&! MEschBED Sherein may be used for various

wireless communication systems such as a CDMA system, a TDMA system, a GSM system,

an AMPS system, a multiple-input multiple-output (MIMO) system, an orthogonal 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



[0075] FIG 11 shows a flow diagram of a process 1100

for operating two receive paths in a wirel ess
woenesioaslc The presence of |arge anplitude j anRETAISRIV4/042783

first input signal or a second input signal is

detected (bl ock 1112). The first and second i nput

signals may be from (1) one ghtenna for a

single-antenna termnal or (2) two antennas for a
senﬁﬂdnﬂheten(@ﬂ%),tlﬁpajﬂjanjanhictiﬁhtearpistqrdByT} dieilareCAH(BICMOS), silicon

wh ' .. 1S-98D | t
genl'(n%%lll‘} lé(ge)t g‘ﬁgll l‘%&?%%}"g{ld PABEt si ;gg’lp : ?nl ?ar ge
[00801P! | giél grémécrgﬂ RndTHRS HRelobdd é}ﬁﬂfodlﬂaéﬂf}s is pR®ided to enable any

secon receive (which is not fully
persmeskﬂtednp theaart Jo mkaemalﬁb &l pr@Sfmt deesgon. h&fase\@dnddlflﬁﬁmns to these

e R 5 S5 B LTSGR Db SHHCBA e e

defiRb& hBRiD neRak ﬁlgpliefd foh@héRidrhbodE RS Ntk it ep@ting From the spirit or
operating in a diversity node and the received signa

scoper oﬁwtlnfotrrveamrenﬂalsls,aﬂ@ Rresepk ipeates 4 #ok nlﬁ@ndeérféd?fshynted to the
em C(tgﬁlfgs O\gH ergiCtl%;t i%t t!oC (a‘(?co(}ded tgl?ébl OC?(spls@c):Pe ﬁonmstent with the

of t Clrcul
n@ﬁﬂ@@dd&éﬂe&@r@&ﬁd&(&}:dh&}tm&l so be adjusted based on
the detected jamer signal |evel and/or the desired
signal level (block 1118). [0076] The | ow power
[Ooggvergwiﬁ&T: Eﬁﬂ% avifp3st | bed herein can provide good
rformance 1or R singl e-antenna and nul ti-antenna
tern1na|s under nost operating conditions. The
wor st - case operating condition occurs when (1) the
desired signal is near "sensitivity", which is the
| owest detectable received signal level, and (2) the
jamrers are at maxi num signal level and | ocated at a
smal | frequency of fset away fromthe desired signal.
This worst-case condition is a |low probability event.
For the single-antenna term nal, the | ow power
secondary receive path nmay be used for nost operating
conditions. For the nulti-antenna termi nal, the
diversity node is typically needed for only 20 to 50
percent of the time. For the remamining 50 to 80
percent of the tinme, a single receive path may be
used, and the secondary receive path nmay be sel ected
if large anplitude janmmers are not detected. For both
si ngl eantenna and nulti-antenna termnals that are
portable, the secondary receive path consunes | ess
power and inproves both standby tinme between battery
recharges and talk tine. [0077] The | ow power
di versity receiver described herein may be used for a
wireless termnal to receive forward |ink
transm ssions from base stations. The | ow power
diversity receiver may al so be used for a base station
to receive reverse |link transm ssions from user
termnals. [0078] The | ow power diversity receiver
descri bed herein may be used for various




Wi rel ess communi cati on systens such as a CDVA system

a TDVA system a GSM system an AMPS system a
waoubdsioeksae i nput nul ti pl e-out put (M MD) syst em PEmW/US2004/042783

ort hogonal frequency division nmultiplexing (OFDVM

system an orthogonal frequency division nultiple

access (OFDVA) system a w reéess |ocal area network,

and so on. [0079] A large portion of a diversity

recei ver (possibly all ciCLAIMBSocks except SAW

filters, control units 252, 352, and 452, and data

processors 240 and 340) nay be inplenented on one or

nore RF knt.eeqr agdgd. ci rcui.gis (RFICs). The diversity
recei ver Py ESEVISE CPABH C8t ed with various IC

Pr og st rbQEVPAA B pREabd ) reddive OarmpIENEM B i quikicfldownconvert a first
oxi desem conduct or %CI\/OS) bi polar_junction transistor _ )
inppBsigyal thipsovide aditssbembanisipnals hei fisshregeivamsthyheing compliant with

Si e [l um ar. | (GaAs), and so on. [0080] The
Sm%Wé§ﬁé%?%%g§%Ffﬁ??%ﬁabg&%he di scl osed enbodi nents is
pr oy iseeshdt ecéinepath aparatjlens ascedwd, |angdify,naidh érequidncy alownconvert a

make or use the present invention. Various . .
secplinPuE signgnie ReVidR dswceh brie e deigly the dist gudgsacgnd input signals
. | .
bei PR e SO B bl e b a At pAA el B it hant with the
sysenbredbirentss fartthotdceidvepar ting fromthe spirit or scope
of the invention. Thus, the present invention is not
intended to be limted to the enbodi nrents shown herein
butyi's tPhdgRGCOr dfith 1 NAnAMEIHIR fi%E AREsLONS irfPhu Kendh bk from one
the principles and novel features disclosed herein.
antfi0@81] WHAT IS CLAIMED | S: CLAIMS 1. A wirel ess device
conprising: a first receive path operable to receive,
anplify, and frequency downconvert a first input
si gpal tPhdaONESSE Aaifd 1,SVhpdls elamdt sidRabnd fpat §igh8d are from first
recei ve path being conpliant with systemrequirenents
and sseond anderwiasagespeaibla second recei ve path operable to
receive, anplify, and frequency downconvert a second
i nput signal to provide a second baseband signal, the
firsgt anthsasecdof diut 3 svigneih shdBisngnd @cosdireeeive paths concurrently
frequency band, and the second receive path being
PIORRRS %&wﬁf anghiecoRd WPERenals FSReGHYELY: Fardbyrrdty Bpds-he
receiver. 2. The device of claiml1l, wherein the first
and second input signals are fromone antenna. 3. The
devfce oTheldavice lof wlaen el, nwhdreinf thesfirsarebdsssecond recgdust paths each

signals are fronM,i rst. and s&cond ntennas, .
com}ggﬁg% att lp@sé pyc_: 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.



4. The device of claim3, wherein the first and second

recei ve paths concurrently process the first and
weeownd4dinput signal s, respectively, for diverBCTAS2004/042783

node. 5. The device of claiml1l, wherein the first and

second receive paths each conpri ses at | east one

anplifier, at least one filtet, and at |east one

m xer. 6. The device of claimb5, wherein the first and

secénd rEoedavécepeftchamel dhrthienicomerisiognpri ses at | east

one svvltchfor outin n_internediate nal fromthe

£ raiidedeive pplhiapei s Roreedib i esohERey JSMhigFert  third
in ﬁlteéi%&ﬁ t& r&)l@é Muard WP ik, fhelthird @él!élv%e[%ﬂ'ilﬁelng compliant with

recéi ve paths are coupled t6 first and second
theayﬂtﬁnmapuremspefot thegeagivearamdwher ei n the device is

71 chriOHIR oelE e SRRE o ga Pt Ss AT S RE B P MPygpoonvert a

fouﬁh iBsR ’I%ha[ & provdePattburtis baebatt 88ndl Othe UsertB reckv® path being non-
device of claim1, further conprising: a third receive

cormdtamt o thpIsgste Tegeissments Aerphe frgcei vepgand whergic {he first and second
ovvnc nver t r QWi
1np% %‘%‘B ftor r.:f]lafﬁIh{ g%ﬁe{ﬁgytbaﬁ(]} ggcgltl\l/ee@lggt aﬁx\fl i%ﬁrtﬁ‘ ntl[;ﬂt sggnals are for a
Secgméq@ﬁt;ymﬂdh the systemrequirenments for the
receiver; and a fourth receive path operable to
receive, anplify, and frequency downconvert a fourth
| npyt si | A A ARRERANEY Dh@IR!a Cilftar band and
fou%lth rg%%{i%‘;é&pﬁ‘%éﬁgggn\gl nonconﬁ{%l an ¥ th easyst earﬁ and an
the seuid feqesicy bhnd it hiPers@wmé Cosmunacationisystemn(POSe band. st
and second input signals are for a first frequency
band and the third and fourth input signals are for a
secpid fTROMSAYoMRE: 1 Qurt@?%oﬂl@ﬁslﬁg of claims§,
wherein the first frequency band is a Cellular band
an da thiel rsmvzmphﬂﬁ pperakle dg rdsaivd, aspliy Pardsioemquiency downconvert a Global

Posiiaihg 15t FORSY bt POV B inepRierFacar e o

operable to receive, anplify, and frequency
downconvert a G obal Positioning System (GPS) signal
to bkovulil@e@cvm/af@@me}tf@@he@vsnﬁngnaq 11. The device

t o %Q%S&]Pr ?%elré{é\}qu bR p?és@&e & 19.% Qﬁuc%ggﬂﬁ&!reélemgnals in the

resence o

firs6 bigeabisd inPut signal;i @t or second i nput  Si gnal and a
control unit operative to select the first receiyv

pat hcpwrol yaE qperative tp aplgel BRpistaeRivuRBIPY By 4 |”@fh krge amplitude
unc%élgefsltgﬁﬂgeea?a?lggctreﬁ A RCLe1dd?qnS SEU LEGFL YatPRIrMuskOF the large

amplitude undesired 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.



anpl i tude undesired signals are not detected. 12. The
device of claim1ll, wherein the detector is operative
woaodd@beas for the presence of the |arge anpli PAUAIS2004/042783
undesi red signals based on a detector input signal.
13. The device of claim 12, erei n signal conponents
in the detector input signal “Mth | arger frequency
of fsets froma desired signal are attenuated rel ative
to signal conmponents with smaller frequency offsets

fromthe._ desired signal. .. The .device of claim13,
whet&i n ?H%E%VI%%EfCI%HﬁJpéﬂéﬁ?scomntswg' det ect or i nput
Si R@kst ALRcRE bARHM LG diecafdripidsbndd sfahrgk aWpisifieluntiésifed signals in

response. 15. e device of claim1, further
the fipstorisedongd input digngk det ect or operative to detect for

presence.of |large a 1 tude desi ' s in.the. '

P 38550 SRl o A 100R0 SaP OO Bl i e o
secOREPht MendlOardet ect for signal |evel of a desired

signal in the first or second input signal; and a

cond cONtreinpmt epRERtiYS (Pesalest dbe Stt arpecend kaceiye pale fuse based on
' f d on outputs of the first and
Outé'gtg§Eﬁl%g§?[é%td§rgéqnldi%t£%§ device of claiml1, wherein

the first and second receive paths are operable to

downconvert the first and second_i nput signals,

di r&et 1 yThe deipeeh daim ﬁq‘gléeﬁely tagafigst {0 pcoll dssdive ppths are operable
to dA\PncdRVEEnOfir&! AldMebondRERR! Mool dfrbdift FrbRCRINE BGidhcy (RF) t
© fTs oper abl e ilﬁ one of Orrlrulti plsggl%omelr n@dés, each p@svvefy( ) to
baselobe. correspondi ng to di fferent anmobunts of bias

current for circuit blocks within the first receive

pat h_. 18. The_ devi ce of c! aim1l7, wherein the_ first

recegjve Pad Retise QPRIAR B Wherdinl QW ROVRICeBGRAH fs operable in one of

jammers are not detected or have | ow ag&lltude. 19. .
mulfiple pewércipodsds, edchinower mgdercermspsading te shferapi anpeungs of bias current

t he . d receiv ath. i ess than fifty percent of
for 3t BRSO U R s fisf R BRIET s ccai ve path 20 The
device of claim1l, wherein power consunption of the

second receive path is | ess than power consunption of
t hel§.i r sThe deviry of glaim. 172 whersia the firg aeestive pain s pperable in a low
' r ' jfied by a
ol el L ind B GERUC R SPRANTH BRES ¢ 9557 25
The device of claim1l, wherein the systemrequirenents

are specified. b
19.p The deviceyof 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).



cdma2000, W deband- CDVA (W CDMA), or d obal Systemfor
Mobi | e Conmmuni cations (GSM.23. An integrated circuit
woanpricsiing: a first receive path that is conmpPCamis2004/042783
with systemrequirenents for a receiver and conpri sing
a first anplifier operable tqg _receive and anplify a
first input signal and provi&é a first anplified
signal, and a first downconverter operable to
f r e2fiencin daegrad\wictit compfisingt anplified signal and
provi de a first baseband ﬁ%&FaLi and a second {egeive . d
path HEsiecsiye Rath. Mgt FUMRIAN PHI RETRY Jpdffements 10r a fecelver an
ifements for the receiver and conprising a second
Coﬁgﬁﬁﬂ%ier operable to receive and anplify a second )
i nput sigabt amglifierovpateble teecerive gl ahplely &ifipfainput signal and
tﬁF first]ﬁgd second énput signal s being for sane
proyidg g fusAPRILIcd S804 2% second downconverter operable to
f r equency figaRaRYEVdrict BPerabie a6 draaiibhdyf d@dncongaaltheafitht amplified
provi de a second baseband signal. 24. The integrated
sigel pediproviste acfinst basgbandssigneképdconpri sing: a third

ccErtB AR Bl o SRR MY SRR AR ckftne for the

recdibérdaBBipkikingd si gnal, and a third downconverter
operable to frequency downconvert the third anplified .
si gnal ah8coePdwpblgT Oparatle R ECEYA PSRy asfcend input signal and
pof T L ESREAUERA L GRIPELIRY Aof RUGAE PR LERSE o o sam
frequedcybaon aied a fourth anplified signal, and a fourth
downconverter operable to fre g@ng% downconvert the
i

fourth ahpiePPicedORNGRAPTEh §P HEPIPEREY: HOWAEURSHgthe second
amgl';fgéa%%na%?d QIR dseb b dasétmhd anfasecond input signals

a tirst frequency band and the third and-
fourth input signals are for a second frequency band.

25 24 "e LA R At ed Sl o duiRlo ekl BmpiligEei 1 e

a third receive path comprising

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.



Cel l ul ar band and the second frequency band is a

Per sonal Communi cati on System (PCS) band. 26. The
wonvesgestied circuit of claim 23, further conprPeTMG200a/042783

third receive path conprising a third anplifier

operable to receive and anpllfy a G obal Positioning

System (GPS) signal and provi 28e an anplified GPS

signal, and a third downconverter operable to
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provide a downconverted GPS signal. 27. The integrated

ci r%@?rgrﬁqelﬁ%bﬁ%l’n%%r ein the first and second
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circuit o 23, "wherein the first and second
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respectively. .29. The inte CII‘C claim?2 e
further %ﬁ“%qukgyr}?&nv%pea &P %I%fﬁa cohb %’ &O\YHCOHE?IJ%EH a?%q,hﬁed GPS
mgr[%fl eSePpovidela dcﬁ&rﬁ:@n%ﬂh'@@ﬁﬁhﬁ]de& red signals in the
first or second input signa and wherein the first

receive path is selected for use if the |arge
tu I .
ceethd r DEoROER sl piRh LR LS (EAGER e HIE, Wt sccond signals are
ﬁmﬁQﬂbbﬁ@ﬂﬂiundESIred signals are not detected. 30. The
integrated circuit of claim23, further conprising: a
fi rst I owpass filter operable to filter the first
%andl‘}‘?é gﬂ%m@& Q:ue \qu:?alﬁ 3, rv?‘ﬁer&'nl the rfFrgt §dc9§l§bnd signals are
a secon ass I'ter operab etofilter
froxﬁéﬁamﬂdbmﬁamtnﬂasgmpecarvdlypr ovide a second fil ter ed
signal. 31. The integrated circuit of claim 30,
wherein the second | owpass filter has a lower filter
or dgy  anghd av&ggatp@wulwlnm AtHeb 88mpAGng: 1 St
| owpass filter. 32. The integrated circuit of claim
23, détectei operitivestodistedt fomphasthasrofdagetamplisedsormdlesired signals in the
ownconyert e,second .receive h are. Dbi
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amplith§d uﬁé‘é‘l@é@ﬁ%&ﬂ@ fife, defeR i@ itveedetond Riceivd ?aihl i6 $élected for use if the
receive path The integrated circuit of claim23,

largetaenpditudet undesirasloighadsngse int detectasd t he second
downconverter for the second receive path are
i nplenented with snaller-size circuit conponents than

t hesd.i r sthempgrdte@ir@uitcoftdgmf iz, ﬁtrthéﬁwimpﬂs,iﬁgt er,
respectively, for the first receiyve g
a first lowpass filter operable to filter the first aseband 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 domnganverting the first

anplified signal being conpliant with system

r ecpfi. r erfihet intégrnted ciendi ofe claimein swhaveinatinp| sebgichgmplifier and the

second i nput signal to provide second anplif.jed o
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confonemts (RPIHe! 88 adpBNal addtHRr @t dewaccifeRad r&pe@bRNg for the first

ignal, the first and second i nput signals being for

recawerpathr equency band, and the nmeans for anplifying the

second i nput signal and the neans for frequency

downconverting the second anplified signal being

nomL oMpAh appariul BorhpEsify:st em requi rements for the
receiver. 35. The ﬁ%garatus of claim 34, further
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frequency downconverting the first anplif Led signal, if
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recdld. means for selecting the means for anplifying the

second i nput signal and the neans for frequency

dovmenn\fer armplifyirnze secmhipainggnal iceprosidgrakcdnd aohpdified signal; and

| arge anpl i tud desi red_si I . detected. .
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recéiled he Iarge anplitude undesired signals are detected,
the first receive path being conpliant with system
requirenents for the wireless device; and enabling a
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det @eidor HRectHRCNPrésend vielapwt impléudg undesired sighalarin the first or
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 sA%nal .

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.



