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ARCHI TECTURE FOR RFI D TAG READER/ WRI TER BACKGROUND
[ 0001] The present invention relates to radio

wo e@qussasy i dentification circuitry, and nore PCT/SG2005/000047

particularly, to transceiver architectures for radio
frequency identification systens. [0002] Radio

fr equARCHIFRCTURE BOR RIFID 'EAG READER/MWRIGIER
tel enetry systens, whereby a transponder or RFID "tag"
conmuni cates information to an interrogation

transcei ver or RFID "re8MCKGROWNDNf or mati on provi ded

bg{ghﬁﬂt y,e }E)}eg‘.é?l? ﬁﬁegryl d&? rél%%‘i(% ?a{r?]lllj% glfeffﬁémg 18&1t1f{cgﬁoﬁ @ﬂmﬁtry, and

cimergi pamicHlpdY.ufd Arnsesiven sarehifeeBugst é@f raddiv dragueney fidentification
REyReh@gs that can be unobtrusively placed on an item
whi'ch i's to provide the aforementioned telenetry. The

RFI D tag conmuni cates the information to the RFID

r ef8062] RARS freqirRhty JideRfication O(RIEID) Sgst@fis | aat adrele@s dRlemetry

0003 | | ustrat |1 fied.blo
gt Stheieh et iRt B FaD.adh ﬁb@h@m@ Wforpafipp to an
r emtzbmogéﬁcﬁl aacaner anTRF\iD EreRidrD {Thg SnfbAatidrepresided by the RFID

r ea% %Ifg gﬁﬁ% §nf])%at% S i€ r[g%gl ﬁ@ﬁt\?\tﬁ oIrkﬁthhBa Continued

rates as a ranscel ver
t rlarpgwemnemlm girceitrigtdatioration dyse resolied lfaﬁ@r}’rsé%?él RELD tags that

Si @Rdbe LBSRARRRE Hekd fon0Mm aBs %mﬁoi'setoof)robﬂi% ﬁ%' dforementioned

ta The D reader 110 js shown with,
et - BocoREHS 298 EomERunsRtes ﬁ%r‘yuﬁmqﬁ@@ 1§ the éfFéPt reader when
trlatesmghtea,rniotm\eis\tacmﬁmaﬁ soor nore than one of
each) to nore effectively conmmunicate with each of the
RFI D tags 120. The RFID reader 110 may be fixed, or
hal9@03| Kigt b ilpwstrates arsbbplifécdslackniliagrazmeaf amREHD systemnoThe system

Ofmél'ﬁdést &?I{TRFIB]?E: BErT Ed BB oSt IH&Sé mw g& §HY, BRPNELLHhich RFID

passi ve, case t he D tag obtains power
{ rosahd0e raawmnm%cagq ndibe 11@)1211? égader 41 Bp(awé&t% RS aTfignsceiver

RAVRErE }t ll%ﬁsmifs?iiwﬂﬁﬁrc%ﬁtlékﬂh §1gﬁ51&101251,8findff8¢e1\kb$ sigﬂlaI fegponses 102b
printed formto n_the tag.s-s t print

N e QPP onbS RETDIFRies 11835 Shovhyighe single
di mmmlltllycmve antennac butl msy elysie aﬁﬂcron‘rstrmnmeemd] receive antennas (or

9r G8feShaf Blgg'ypéla%ﬂ*qﬁgo%oébéﬁe'cﬁ‘yel% kgﬁﬂm it ith b4dh of the RFID tags

conponent system ] transcel yver
r% EhedRFID regderdd vt booHzad, pr hangheldde geqmit Hmlpuseﬁmmg and
ofmtéh% Riddof fpfan. e m@h fage mzcdﬁﬁygieecfém@gﬂ &td BEpassive, in
ach or su er o
o SRR NS L i ARSARED e ST SRR Bl 9 o 1
ad@;mrdtﬁge sTherREIDetagt1R6 indludesiah antenha that mayebeiin the printed form to
?ﬁﬁa\f tﬂe ?dg'iﬂgj %Iﬁlaﬂrfgﬂt%ﬁﬂglr f[lél%%/sygﬁﬂfe ha?f érhﬁlb? rﬂequy?& or signal

polanzatlon diversity or anti-collision protocols to permit greater communication

ability.

[0004] A central component of the RFID system is the transceiver or RFID reader
110. Conventionally, the receiver portion of the RFID reader 110 has been designed
using either a homodyne mixing approach or a superheterodyne mixing approach.
The homodyne mixing approach provides advantages in that the circuit architecture is
relatively simple and generally power efficient. The difficulties with such a direct
conversion receiver are well known and include dynamically varying DC offset level,
I/Q mismatch, and erroneous baseband signals generated by the cross-modulation of
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conversion receiver are well known and include
dynam cally varying DC offset level, I/Q m smatch, and

w@eeoongsass baseband signal s generated by the cP@BESG2005/000047

nodul ati on ofthe RF signal (i.e., the received RFID
signal) and the LO signal (the internally generated
retfherlep CSegrfal @&l the {RONEI RET® §igﬁﬂa heideme dyo esigiaXi (i internally
roaeggp OVIdeS s$ne relief to the aforenentioned
PR S8V gni fi cant expense. The
superheterodyne design provides relatively good i mage

| IOBOAE B R RIS ol ol Sl o,y o e
of aienwtenaowls olstadles, bhiat mgnxﬁcemtt mpeaser edqibé sepeehﬂtemdyne design
a i Y

o SRabol B Lp RS o, 38, i, iection, miser nd
t h@rresmudmg Bedneney syshesieeri nlhendisadyaniage of Wfél a system is that it

Pr &EABE § r&fuirbRbt fof 8l dedifi¥nA ¥RigheilyZSntheies! @ﬁﬁx@&ransmlttmg and
avai | .apl e Chkﬁ real _estate @ﬁg drajns nmuch nee

po’(ﬁé?“’mﬁdé%'} PRy feAre OIS IR EH SPE LI i this design. The
i npresened dfr boib dedquencyasyithdseetsl decredses hivpilabld dhip pabdstate and
in&%esre gptl&glgg&gugh the inplenentation of fewer

ci PRSI 'SUMVARY OF THE | NVENTI ON [ 0007]

The present invention provides an inproved RFID

RIODEE A& mﬂ‘ﬁ?@h W€ wﬁ@ed\eﬁl gfan%@rmehstraqee&vér%eﬁmcmm which

rejectlon using a sing guency source conmnon

t oProNisles ; gonde dmags ! @JQCP%SWQ‘%%hné Gqnignplgptaiiong of fewer circuit
chaﬁm&hﬁnmAs a result, the RFID transcei ver operates

on | ess power and requires less IC real estate. [0008]

In an exenplary enbodi ment, an RFID transceiver

includes a comon BVARY GHTHEINVENEKNVi ng
ZLTR@ réedt’ BPSHHdnt n#l%gl&Q %ﬂnﬂ 1o é&eg.gﬁymﬂscgwer ar%}'utecture

ource 1s Co I gure to pr0VI a prede
i nwb:rcheeér its eppé ifuegrcipiestigh syhileiusingameingle frequeRcyroyree common

cafy Rr trﬁﬁseavmyraﬁsxﬁnm bid [d&sviftl | dRafREe1 VA9 result, the RFID
channel . i ncl udes ngl e deband u$) onvertl ng m xer
halRpsgeiyer oneraiey Q"g‘{f’ﬁlag reggupslesy erehe@it-edef i ned

|nterned|ate frequency signal , a second input coupled

gﬁ)%ﬁ]einv %nt Qx%n I aer9 Q@cﬁm%ﬁ‘lr rz{ ERETDE YRS ug".gl@esf & common

an outp gﬁconver INg m Xer opera
pr ﬁdmcmoum@,owm‘eug ganel aad a tmpwgidang ghasae; nél&e common

gﬁfrlé:%%elﬁg g&gﬁc&%ldanﬁ av% ne)gﬁ%?d;ﬁ%eﬁﬂéﬂtlﬂ@ﬁnédiﬁh lfl‘éﬁ?gr%cy signal

P it i e ARty SORIF R | ERheY e TRAVID Seceiving channel

C a[lfchﬁllés ? Sﬁglé@iﬂb%aﬁ&ﬁpt@iﬁett&igdmmt h?\?iﬁg p e gﬁpun edupled to receive
er J e a _secon u .

eirgeEheS gl RGP ARnd Bk seRSHEnB Cotplg to eceivethe

| np@deﬁquecarnmﬁrcqmecy sigaalafal end en putpb.ctbe HSBoupemyering mixer

. n%ég&f%lx 5 :p%jdu%é GRAlpcBhveitdR ARt bk ! equbSeyPid iRl YR + fir. The

RFID receiving channel further includes an image rejection downconverting mixer

having a first input coupled to receive an RFID signal having a carrier frequency
substantially at the predefined carrier frequency fc, a second input coupled to receive
the upconverted signal, and an output, the image rejection mixer operable to produce
an output a downconverted signal at substantially the predefined intermediate
frequency fir. The RFID transmitting channel includes a modulator operable to
combine modulation data onto the predefined carrier frequency signal fc.
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frequency fip. The RFID transmtting channel includes
a nodul ator operable to conbi ne nodul ati on data onto

wao b@ojpssaaef i ned carrier frequency signal fc. [ OPOR$G2005/000047

These and ot her features of the invention wll be
better understood in view of the draw ngs and

([:)E [0009];51}’]&%3‘ Rgd @_ﬁrﬁeE féaﬂiri\ﬁﬂf 8 ilg{??%bﬂi gfiu lpe If@wlarl ﬁiateﬁﬁiod in view of
. .g. illustrates

o e ATV PR LRI RPN 1S REME BRI onpl oy ng

an RFI D Reader and one or nore RFTD Tags as known in

the art. [OOlﬁgﬁ'@ | % @ﬁ i€ed bl ock

di agram of an Eﬁﬁ}kq% ol 315 Nfdse' th one

enf¥d0hEig 16Hustiates prsgplified tlodndiagram o001 RFIFisysterg employing an

|| RYRD R3LES aftd 0% 81 6l 10kPPHaolia8 16 o (RMrRF! D

[
transcei ver 1 n accordance vvlatl%% aone enbodi nent of the
present invention. DETAILED DESCRI PTION [0013] Fig. 2

i | [00alT Blees> ankaek AispapiaBdobloek RiihEahy ASELRIED irflusceiver in
accord{;\nce ylghth onﬁ (Srébodlrrrgnt of the present

i nYERTYagRC With an¢ PIRQAIMEDLOT tBgBreRH IYFRHORYy 4nt enna

210, a circulator 220, an RFID receiving channel 230,

an I aps. g,.cC . 4aN . .
frggﬁgﬁgig' gu@égeé%oé E%%T%P%%gegg vin g&g @EQD Z%ﬂlscewer m
i natogttamcawith oge embodinisanef thpprssensinventjond xer 232, an

i mage rejection down converting mxer 234, and a

denodul ator 236. The RFID transm tting channel 240

i ncl udes a modul at orBEATLERIERCRIPIGN (' Cul ar

ehllllllllB]TFIg %ﬂlﬂ%ﬁ@tﬁdld@k diiﬁarﬂ%ﬁ? hﬁRF!I_I?] rtﬁm);céimﬁﬂdt?%ordance with
t he com reguency source. . e .ant a is

op 875 BREoggent S R HeBh ¥ Gt TN A ey pf antenna
t h210,ar circnfata@20; suBEIS medeivike gleain¢lA5K), an REIDX frarsmjttidg channel
( il Lt~ F . [ .

o anfl aecg#@gﬁ%%leﬁéy slﬁﬁrc%%gg %.ﬁﬂﬁ@&éﬁﬁg%gﬁﬁg%ﬂ includes

o rece si"gha hich may be~in ) .
f o single sidaband uprenEeHing misgredd2( SKyagedpieaien ¢y gonverting mixer
(E@ﬁ ahd thld(@%@(f(ulﬁtfbf f236t.< fMﬁd KF’I_‘ISK%raﬁ)srmiﬂhﬁgS lezhannel 2240 includes a
SNiTL-Keye < ormat.t eqa Sl gnal S. L cul at or .
o BASE 2k i o g e GRS By € dashed tines)
r eixeiudes theaoamrom fseqRdficyasodrc240 duri ng respective

transmt and receive operations. Comon frequency
source 250 receives a reference frequency signal REF

an00IHE The peamnmn20iiseperablp ietrersiieREFI sigpaeli2arich may be in the
B
. | Vi )

opBrSK) R SIS 40 FEREN QRO VIR B he form of
fr ampﬁﬁﬁ?_sﬁifgk@led f(ASKS, m—@ff: kieed ((F]Olﬁ)ﬂfre@etney shift-keyed (FSK) or
souy ce ext )s articu 3 Q :

o8 shiftFn Pt iR i il CoieRaft BB ProYEHERRHon between
os thiel trautsonitting rapd tredeivieg ehasncle 230 cinfd| 2Z40oturingafepegtiveetransmit and
di Yd &% opeldtions.” Eohdifdn HERRLLP S6hBELSWreceives a reference frequency

signal frer, and therefrom provides a predefined intermediate frequency signal fir and

a predefined carrier frequency signal fc used in the transmitting and receiving
operations. In an alternative embodiment, intermediate frequency signal fir is
provided from an external source (firext). In particular, the common frequency source
includes a single phase-locked loop, an RF oscillator, crystal reference oscillator,
reference divider, etc., further described below.

[0015] In a specific embodiment, the receiving channel 230 includes a single
sideband upconversion (SSB UC) mixer 232 and an image rejection downconversion
3
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[0015] In a specific enbodi nent, the receiving channel
230 includes a single sideband upconversion (SSB UC)

woreooens232 and an i mage rejecti on downconver si BCI/S&RN05/000047

DC) m xer 234. The single sideband up-converting m xer
232 receives the internediate and carrier frequency

si @RM @d)l mixRad3hc, Tﬁeeﬁngl@tsldebhﬂd u nvatlﬁgm&sgsz receives the

gen g‘%’glﬁgs gaéﬁgaéﬁerb é‘}tl“%g%? :ﬁ%ﬂ%ﬁﬁ@d ﬁ’elrggtl ngﬂa and in response,

segcmetaltcmnan Theonvened sigaald2dfanperatgnay erfedquencyl defined by f. * fir,

ope‘J‘,i’ %‘;ﬁﬁéu{)& flggb?ﬁﬁom%ﬁl%nt herg (% 41@9 élﬁ a[ﬁﬁeﬁéédnvel%lon mixer

to attenuate the sig arrer
f r aghitesbire.fag kopwe to theé\kdbdllaﬂ@ gk, mwmb}q tof atfenu4te the signal level

Un@ie{hﬁcéa?ﬁlernfr lﬁﬂc ?COQHQt te{?ﬁ’é ﬂ etfegl b r?%xﬂféguns?lectﬁd mixing

pro ucts there reat y evel
ouEfBG‘ECtnli‘%(mﬁﬁlcﬁ @B @@smgmdug%hﬁqe@f gigthebelewdhe ignal level of the

r et Iﬁﬁclﬁg tddacif Poesmaipls) ifidtes sighdl rsj eﬁﬁdn BE ti¥NafbREnentioned

o S e e OPﬁﬂB Frtad E%hﬁask%‘ﬁ%%ﬁbﬁ? G e praguct. The

r einerige asjettien Rb@neorgfaaingztﬁﬁce( 2B4 rtdedveseahe iRIDC kignale202 (via the

polrel’:elgg g@agﬁgl a}f)‘n(g—? 25(52{ &futlh@tcﬂ{:ulgt%p 22@“31&&? é@oglgg%f&{ gigﬁial 233, and

response
t rl@nmsmrw med@qeerﬂ cﬁlreqtlmsy Rmnslaéﬁdgﬁemlonavf Qusigeal having

S Uﬁé&lﬁffz‘ aédb)ﬁtaﬁﬁalfya at Dgync ODB%Ecﬁﬁlfeﬁécg nﬁkna:-i 3 535 Sis bprov1ded to
pr fo denpdulation circuitry

an 107 Py 2%@1%} may &emwg&r ff ﬁéalb%%f‘gg%lﬁ dp extract the
I nba3etandiipforination from the eadeived RFIDRiGdalindhe déMOdulator 236 may be

de%‘gg*{apgr&ﬁ%fé%sgﬁde (fsr%smiztsrl ngr cﬁasr}fnel 240

i ncludes a nDduIator 244, mhlch may be fornmed as a

pa@bﬁ(ﬂf Tﬁé“ ﬁxfgqagﬂﬁéi ﬁ@%&&dé@@ﬁﬁﬂnggﬁgmr 244, which may be

atlon or as an i1 n

8% am&qofp@fz commeIoEReaEES WaC ﬁﬁ&ﬁl@éulam format is
enfmdl SR arl ﬁldéptfﬂdbﬁrmd@tﬂﬁ?tbt bﬁh@n 0w OCI0 hddufRivias employed.
lﬁenq{ sour.ce 0 ﬁllnc o a first i nput 250a
?:C)H Com g“P%‘Eé?@ét g1 Jespidh c%ov?requency signal | a
flrst out put 250c for providing the predefined
U

@i’?‘?&?b@%@\x}l %p%ﬁlé&{}%u?degig@flnclug&gaa@rrs? g@ﬂp r%e% 5&?1%§}3d to receive

S| yheferepee frequency aﬁ#&flab nﬁnEara &irsh saivs 20 0c tfple prayiding the predefined

frﬁ?ﬂﬁ@@ﬂtes ﬂ’éﬁﬁ&lcgfﬁgx{la‘} &, Rhase sle?@ﬂﬂeh @luie dg]EZSbﬂeﬂi#el%Vldlng the

synt hesi erabl e to.,'generate the

o e i heTisen S B L3 AP Spbagient ghe common

anfleqepgy isedkce e‘ZS@r maeplfalscew&'ﬂd-)h@ @reqhgﬂcy@diﬁntﬂemzar operable to

fu én@x%rte %Eei @ %deﬁngmggiewgq;gfzﬁ&e %ugld f g the RF oscillator and

ermed requency sign nce
f rwphcﬁtyefsxegnelfrqqug@b'f sigeh fraro b ra ﬁrr@qu espcqxflg cuthodiment, the

eﬁaiheﬁqﬂﬂe}ﬂ]%%lﬂeg%‘l%gasﬁ%na?? i hel fe?c@é{&tﬁé(ﬁgncg si al itself.

ch nnel nodul at or an | nst.ance
f r BB EARPOZoHPEIEnos 9OTIce | Bleay addiioRaLy Operiater 8% fhe transmlttmg

0pafaai@élembamm@e e4de HDSWohadn aiktaled, ahe 4dnintdn Megudnay isBirce 250
includes a second input 250b operable to receive modulation data 243 for modulating

the frequency of the carrier signal fc. The FSK modulated carrier signal 245 is
supplied to the antenna from which it is transmitted to one or more RFID tags.

[0018] Fig. 3 illustrates a detailed system block diagram of a RFID transceiver in

accordance with the present invention, with previously identified features retaining

their reference numerals. The RFID receiving channel 230, in addition to the
4
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the frequency of the carrier signal fc. The FSK
nmodul ated carrier signal 245 is supplied to the

wapdoenssa3fromwhich it is transmtted to one OPCTYRGE05/000047

RFID tags. [0018] Fig. 3 illustrates a detailed system
bl ock di agram of a RFID transceiver in accordance with

% hpltfemoaslgnmfﬁt.[bt@ﬂtdoﬁ{pop&ﬂté,hifn&hﬂé’si 8 Usdné-cnd %ﬂl@ee@é% I(%.g., a low
eat.ures J. I NL. r..rererence uner.al s. e

T SR ARt e S0 G i T Pl meHiE 431 dieagt component)
mefitst aneé decondpinginpsle-tipie lthedes(SP3M) gntitckesdB3Bngald 334ek quadrature

33 . ' Lf ' 332 ' .

Sy SB35 UL S, TAASRE R A iy

s etaspived pigntletiongtd-of theoREID bigoal to SREFred ppwartlesel 3@eh a minimum
ngf dfed Iﬁ)is‘lg%}gfcﬁ‘{ mﬁe <k SR %?)'a}ﬂc:HQE eﬁﬁa?{ll}}ﬁ%}ﬁ eié”‘a bandpass

a
data slicer K s operablfe to anp . )
r ebilles esateded) gEqund fignigt operble keprvids Birhsrselegivity by attenuating

degloka Fq@ememl : gl i@tzgefemg.t hFigst MAn@l mé?h@fswdd §\ﬁ%€ﬁ§5 S%t and 334 are
pOV\Ef. | er | C | a rt.1 C e odl nen 1S

P OBBThIE A Chpleie the Sfhnal eaih 4ftaBat e RS pefReie Fagnel via one of
pr thréed alemodiitaeors s2B6 C illusirhtgd bys add FSKt Hagodxilmﬁ,l vn ASK/OQOK

SSHg IELTSACHdno S SAFER L B BLGE s oo
t hpelyphase HileRProyidesdiand 9§° véraione bf thedFdreguericyt sigrabfir which are

de Qar ' ) t d .
SRR e Byt 58P Rird T R te cari

. denp an { ( . .
quiiedueney sepildec 1 pe dempodiiiprertoutys speplisd to thegdnts plipgs 336, which
fi fdcefe)r;h nn@\rfhd@ﬁaﬁbnagdtaefiansm_ iﬁ%@ rigoxﬁfthte hafw Tatgegupﬁhcsbaseband
si gna i ¢ re u wi.t hin e .deno at or bhan I
o DRt AR R St Mg ) PErGRER ! Heratbfi defoding, etc)
si tpahder ¢the RAED Tegrowdilatedrdataut put is supplied to the
data slicer 336, which recovers the nodul ati on dat a
transmtted fromthe RFID Tag. The baseband processing
ci F0d9} The REHD t@n@mﬁtmg]dmg@lg%tp ipelufley #renodpletqiedd4, a preamplifier
0p§423,ltd'tnﬁn§ gz@f/‘ Qﬁiaicl)\iﬁer @%ﬁ )l\éigl&gh@@ e ] is?t&)_rﬂzghi%d-rﬁ’go erate as an
no a ransm.tting channel .
24%@@5&1 é‘%"ﬁﬂ%‘r&d u‘T]"‘g%‘%‘?Y e on-pffamp frqialf @2@}3 Siijches 244
a ponges asspbidiveerto 3thd. supplied ah@iulRibh signalo2#d.gudd@drdadvely, the
op . , . . .
onflotpfitoR s AP I L ( 1SLEBY ), Wibadiment of which is
r eBpasdefalladdeleve) inujisei-madwatien forigenersiiegian FSH3nodulated signal,
pLDE aber Sldimaliidy The 1 Miiha dity RONIMP TR GO MticRalN PLL
o PR on &1 Dot 2 N FIoHsiATr L IEBAL 1 5 by ef e Hgresppntioned
F_SKasBS)ﬂlB:IﬁﬁcHﬂhtBingmvd is sﬁpplfegrt? il P_BLtss%iliﬂiediiéE,EWMicﬁSn éurn produces
Si c t 0 o S racti.onal - .
oy A RSk AT At et RS Sedsh Rl (R pplid Tygyation data.
bot h of .the af orenenti oned cases t he rrpdul fati on data
is .

o IBPTh oot EmBlrdimRHIS A6 blfibnon Mgy bobitelincludes a phase
t hiocketh depr dftagiisarnt samhesiren. 330 drojnerHe fefarencer divader 356, a

e Eph%éé/ﬁ@@ﬁen@fr defeeto€ 6PN 351,8086p i¥ie S 95T, GSolthgd-8RBI118d oscillator
P 8?80) 353 and a reference crystal oscillator 354. A reference frequency signal frzr

Q)

is generated by the reference crystal oscillator 354 and is supplied to the reference

divider 356. The reference divider 356 is operable to reduce the frequency (divide)

the supplied reference frequency by any desired factor, including no reduction, i.e., a

division factor of 1. The reference divider 356 is operable to output a first divided

reference signal to the phase/frequency detector (PFD) of PLL 351, a second divided

reference signal to the SSB up-conversion mixer 232, and a third divided reference
5



| ocked | oop frequency synthesizer 350 having a
reference divider 356, a phase/frequency detector of

wR106888431 a | oop filter 352, a voltage-contr ol P€HSG2005/000047
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oscillator (VCO 353 and a reference crystal
oscillator 354. A reference frequency signal is

gerspghat @Qh@!l)°/9d)"&1ﬂzi%€193§1% LpbefiRl enﬂﬁ%l%ﬂghﬁ%ﬂth@ﬁﬂvem the first,

th reference djvider
¢ oS5 ng? didedggterence pienals age alothe sarge é‘eﬂﬁ%ﬂc}’a although in an
f r attemmiwe @mbbdﬂlﬁ-httthe f-iltsv pdeb@di faﬁﬂﬁ)[' efhird ﬂilv&ll:defﬂfé/reﬁéé signals

| [l act i nc r
i PP TR anphas, ERCPCRLRE Tl oo el PPD of PLL
o) péﬁ 4l Bliered amicoptfileer BE2 sthichi candednsidé er enisileshe ohib. The filtered

t heV(E@ %gﬁﬁl 3%}2{ i@@éedjfst &)ﬂth V((l#:> E?)ﬁnq%h t(f> ¥§§§§‘3 ccﬁnpletmg the loop.

second ef'erence si
upl%érW@@laé gmbpdiareny 3be S@ﬂdd and thiydddigtided gefgrence signals supplying

r eftlﬁar SSBaReNas2 hey e W9 Qhﬁlié’x‘ ?Jﬁ ]gégte ak R Iﬁfeééa?ﬁlgﬂflht‘énnedlate

odi nent , of . { he_j nventj on, second
© heGuETcy sl e AN SRRl i Aretefingd Jtempdhada e uency signalfie i
f r soppliedfrondhit Bae@bl doare@{fAL) er nati ve enbodi ment t he
first, second and/or third divided reference signals
operate at different frequencies. The VCO control
voI[@Qi’gﬂa Thatlpep filtero3n2RECeivds the VB Tonolf vdltage add iprovidese filtered

e BioBEtP phe 00050l 00t g e s 1

v o Mehigheis ispbstantially tl@cfr%lsmamfﬁh@ tacatyed REFIPgégnal PA2.4The VCO also

pa Fddudd s plﬁ@@'ﬁ@llﬁ@lﬂy feeﬂb&k 9551(}@&}1’3& "t(%i %égéﬁ/ é&'@ldmgnal herein)
er.ence. si S Su I

e 6 eSS et o G et LA e, T

f r equesngyalsSS@rnals&ppheAl tb ehenBFD\ialthe PLILE3 50 wilithi co@tpares it with the

%er na?l\q'l Q{ggr éeﬁ{(ﬂ%mgﬁ%é) it 9%8% %Tﬁﬁﬁﬁoopgﬂ%e{‘?"%%y A buffer

ewipliier 36k isvaerabdn ta tﬂcewoland@@mﬁﬂ they oarrigefrequency signal fc, as
f ' theﬁr @sdtovﬁbﬂd@ Nodd'RbRAbn.! A hiferMieal 3@ %mg]_é]@n&éggtasge 362 (e.g., a

gener at es ed carrieyr .signal
Subaa A AeiYe, il FES A ABvSrisE ISR FeEFasvert between the
si giffdreitaP oufpre ofGht dhusfer prplitieeSca ddame/ difigee@dsy input of the

fe nal 355 (referred to as an error signal
?rg)l%ﬁfa@r?ﬂgl ndi cati ng the phase or frequency of the

car rier reference signal produced. The error signal

35%0022] WQ@béc@ﬁc Erﬁbédﬁeﬁi‘: el rﬂoélﬁﬁo{? EJM éié@ dlfth Cco 3 3. In such
conpares It _w.th reférence sig

geAB instange.diie pistO %13 includes ap dnnpt ﬁ@q Vcelmn&}f% modulatlon data 243,
anplbicfebe rthé%ﬁequeacy) Dﬁﬂ@b%eﬁeﬁfédrcﬁﬁiﬁr\fﬁe ﬂéﬂbyﬁﬁ“@idl yalstthdulated In

ot PR, modin et i Fsiied b coniBehm Megtesion. The

36RFKIB tgmsceaveb,adswhown facthenviacldidés & mmdtilagibn lcontroller 364 for routing

558G SAPYEL e B VIR0 299 O 5K AREBIEE Do,
t hér & ﬂrglmocbm@rdfé}‘lniymeno%lﬁm Qg unedudatiopsis us¢d)0 XApck, wata, and
a $RECbhdble SiBRASPHried bR Mé@ @Jn‘éf 466 flﬁhfé&gﬁsé fiked loop,

VCO 353. an_i nstan VCO 353 i ncl
i npferencs 51?]5%& 356 Apd #@@H‘?&ﬁ’iﬁ 9 ﬁieéweoraﬁ &apigg frequency signal f; in a

particular embodiment.

[0023] While the above is a detailed description of the present invention, it is only

exemplary and various modifications, alterations and equivalents may be employed in

various apparati and processes described herein. Accordingly, the scope of the

present invention is hereby defined by the metes and bounds of the following claims.
6



whereby the frequency of the generated carrier
frequency signal is nodulated. In such an enbodi nent,

wore@alsi4der 244 is disabled or omtted from t hePdBESGLIN5/000047
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The RFTD transceiver, as shown, further includes a
nodul ation controller 364 for routing the nodul ation
3 to either the VCO 353 (when FSK nodul ation is
d or to the nodul ator 244 (when ASK or OOK
ﬁ%ﬁgtﬁﬁﬁu@%d}ss used). C ock, data, and latch enable
signals are carried via a three wire bus 366 to the
hase | ocked | oop, reference divider 356 and are
ﬁpe r afIredie fregegricy edentiicationr (REIDY rangoeivety comprising: n a

artic Lent . [ 0023] i,le th ove iS.a,. .
get ait g%ﬁ%xg g c@eﬁg{eﬁnstog f Jet Cf?é]%‘g\’r\é\g SR (?Vﬁgee ﬁ? el ?éqsf{“eii dntermediate
fostjugn@xgml f.Yand I(H) ¥ pledofitfedrBatidr ifeghid P Signal fer at i ons
and equival ents_ nma e_enployed in various apparati
and mn&@%@gew@amq@msmg: Accordingly, the scope

of the pr I Qe on._ | . def . 1.he

net es ande%g%%lcgs Ql})[lf { ﬁeﬁ?dé’?‘f’%?ﬁg}ﬁ & glgihﬁgﬁ %fgﬁ(/% {RRYt coupled to

teecied dhempebdefined. intémiieriitite ffogaentgnsiynaldentd ecwatli @Put coupled to

r%REI D), transgceiver, conprising: a comon frequency .
v dhechsfriiedechriy Braisnete signyl & 3pd J8F iRy, the Single sideband

BT B ROUETS ISy 9L L PG e

fehfminel , conprising: a single sideband upconverting

m xer having. a first.i ngut coupl.ed t.o receive .

t he
pr edef i ned® T%F TRIGF" e TYEGHE Hoe §}lﬁ?¥atfav,mga‘f‘ §izst dpprt coupled to
1e 64 arf RUPD 8EbnbPhdvekeh C&rieh ﬁe@tfe%@ffshﬁk%tﬁﬁf at e predefined carrier
frequency signal fc, and an olUtput, the single
fsgquensyfd, ugpcond Bput eryiptidde reasiyerthbipconverpadovigred, and an output, the
. j uen defin b n,i e .
B0 ML Blel aBbrt: B prhfR oy Rp VR Pl sttty the
predefined idt@miediatd frequencyfrt; @Bndi gnal having a carrier
frequen substantially at the predefined carrier
fr equ"é‘ngén,) anspitting chapepl cosupisEg @ gupdidapy opereble to modulate
HOGRRKE b S ljpRge rejection
m xer K%pdg?dg%l e tgérf)?eg%gggﬁggg%%on%%g? Ael?’j signal at
substantially the predefined internedi ate frequency j

nd transmitti channe] conpri si a ]
Frodut BEoREBRF T84 o R ab o RSt T SREH-AdebsRd gioconverting
thiter, PR efohdpd BREAVE ddwRDHPAEYing] hBkr,f Gnd 2 the/ MBrodulator  are
RFID transceiver of claim1, wherein the single
menpdighically fosmed et an indearptreircuit. t he i mage rej ection
downconvertering mxer, and the nodul ator are
nmonolithically formed on an integrated circuit. 3. The
RF| D TheaRBIER trasyceivtr of elain 1, fifrthiet BempHsiap i liffed ashplifier coupled

buffer anplifier coupled
between the g(;pmmon frequenc;e source and the modulator.

4. The RFID transceiver of claim 1, wherein the modulator comprises a switch
having a first input coupled to receive the predefined carrier frequency signal fc, a second
input coupled to receive modulation data, the switch operable to switch between a
plurality of states responsive to the supplied modulation signal.

5. The RFID transceiver of claim 1, wherein the receiving channel further comprises
a demodulator having an input coupled to output of the image rejection downconverting

mixer and an output for providing baseband data modulated on the received RFID signal.

7



bet ween the comon frequency source and the nodul at or.
4. The RFID transceiver of claim1, wherein the

wOorRwalst4er conprises a switch having a first iPQEIEG2005/000047
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coupled to receive the predefined carrier frequency
signal f a second input coupled to receive nodul ation
data, the switch operable to switch betmeen a

i ?tfﬁe[t ﬁﬂ-&b 3&43%0%15@5 erfp @ﬂ%}/% W%g%‘@ Ge énéqecfju&z}t%q (Gpysists of a

&@iﬁ‘écﬁﬂa{ﬂoﬂ 88nd @liéegifdt@gc&ﬁféﬁﬂgoffé”ﬁ BEndyP QiEiftLlé%d &Hemodulator an

denodul at or havi ng an i nput coupl ed t o out put ~of
amplifude gjideyehdetooddaoy en onrdf kéyedrdeanodulatoroot ipphasf: shift-keyed
@rqﬁkﬁln baseband data nodul ated on the received RFID
The RFTD transceiver of claim5, wherein the
dermdul ator consists of a denodul ator fromthe group
conS| sting of a frequency shift-keyed denodul ator, an
Anpl |T1@mé’9fm fransaeivst ofe ot bt vheredm the- @ffmmkeyfe@quency source

KPR Bl BT BBl oot L TC T e conmon

f r eque phasetBsuecyC AEREDLS ﬁ@vm% RhASRE ihft kedple@ap,receive a reference
a phase-frequency detector having

further conpris

fequepey mgﬁéﬁ ﬁEFc%gP%n?de&?élV\%m&l thereaf.chsecond Epyk Heieceive an
S5 lpe. 5 Rk GRUED ROV S0 4 YOO Rhirofvotue
phasea ldopoﬁ:lea’rd;avﬂgt acinpnt cyppiegbloaretave tHepVC(hcdx‘ﬁ@l voltage signal

?Bptroll%glﬁﬁ)e a.l oo V%*J%E{P 8&5§§§ 'gﬁ@t coupl ed

out pug vbﬁagetéaﬁh@ﬁe@ okéilthir %qvﬂ{gqnca@m ebup Jitte%cewe the filtered
ignal; and a voltage-controlléed os IIator havi ng an

Vﬂ@t:omlmlu plobiaga signelc dhevoltdge dontrolededsoilbor operrblk to produce the
vol.t age SI nal the vol tage controll ed oscillator

%Bg?r é% uce the carrier frequency signal. 8.

The RFTD transcelver of claim7, wherein no additiona

ghase | ocked | oops are inplenmented in either the

ecei ThnBFHp drapegeivsr of haim 7 yeierqip Mgadéinmbphasg lockgd loops are
C rm ned
RSP AT S e Sl ol A g
reference frequency REF or a frequency di vi ded version

her e The RFID tr nscwr laim 1,
{)he n@&ﬁl RJ:‘{]I% tapspsiver g glaim o/, hetemm, éﬁ%c?rg%%?f“flﬂe‘{ intermediate
ﬁéc{tﬁ%ﬁ&y moﬂ%ﬁithﬂ[blfthﬁe %&‘éﬁé&t fr&fhedly Fnlof® Q‘éhﬁ’én%? divided version
signal’,” or (ii) a Sigmadelta nodul at’or based
thereof.i onal -N PLL synthesizer to produce an FSK
nodul at ed signal, wherein the nodul ati on data supplied
to the PLL synthesizer produces an FSK nodul at ed

L@ I | Bhe RFUDatansckiver b @laith T viHeddit ¢d iRHuRor Wodiphises (i) a phase-

wherei n the single sideband upconverting
locked loop in direct-modulation for generating an FSK modulated signal, or (ii) a sigma-

delta modulator based fractional-N PLL synthesizer to produce an FSK modulated signal,
wherein the modulation data supplied to the PLL synthesizer produces an FSK

modulated carrier signal.

11.  The RFID transceiver of claim 7, wherein the single sideband upconverting
mixer, the image rejection downconverting mixer, the modulator, the voltage-controlled

oscillator, and the PLL are monolithically formed on an integrated circuit.
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m xer, the image rejection downconverting m xer, the
nmodul at or, the voltage-controlled oscillator, and the

wekdocmssa3nonol ithically formed on an integrat eRCT/SG2005/000047

circuit.12. An radio frequency identification (RFID)
transcei ver, conprising: a single phase |ocked | oop

Ponf i Aurasiio froquemoy idtetifi¢cation (RFEetinsedvirntanpridngt e

frequency, si.gnal~-, and (ii) a predefined carrier .. ,
fr eglfeﬁl_géles? ﬁ%:loquc’l ?%qp é@f%ufeélgtgi B‘i"ﬁb{gp&hﬁ rfg?c’ie%ned intermediate
fRRfBAGySIA 2 ahllTH) @pﬁaaﬁ?aragmépﬁ% M&fcg's{@élf?&ﬂ

having a first input coupled to receiv pr edefi ned
i nt erangRi IR ecivingehanel, compebingi p, a second i nput

coupled to receive th redefj.ned carcier freguenc
signal fc,® éwg_eaﬁlﬁstt?ﬂ*gu‘&ww?é{‘%% TYFE" JPEEBah gﬂs" mplt coupled to
TIRERN VRS Ftdﬂl@fiﬂéd( Pt MRAAD R qhéhch QEHACHAN @%&HV&@E@ Qoupled to

signal at a frequency defined by an irage rejecti
rgesirie Bisvpiedetfingdneaxider freqrieney sighalr &t andpnt owputptledsingle sideband

T (M R T T e

faxsgcond i nput coupled to receive the upconverted
signal, and an output, the second inmage rejection
m xer operd@pIMRgE GeipFtinmdavneAn FEHRE mizer havion fissi tivpnt coupled to

. H . . s nter i . '

0 R RBAERIAAL | P RIUR) LB LT L e o

fompprdysicywmseaondihphbtompledpe rebive thoupmdutraddesigiad, and an output, the
l.ation data onto the predefjned carrier frequency

mod )
SEFYiamage rejggionmixeRepesable 4R HEUGE An iRt 4 deviaconverted signal at

Wb hfially thepreddeed iRBARRIdiOfK Gk nb @nprises: a
Sphase-af ?quu%ncy o?et ect or lhaviﬁgnayglp’raglt i nput coupl ed

to r eadRbD transsfitingncheniiel equmprisipg si godilator opesblectoayodulate the
di vi.ded rsi.on thereof, a.second input .to receive an
né(l'r)ar/ucl)zﬁmé1 i &éﬁaa(lm,to E}:ﬁ:ep rffh%%‘%q fe Wncayegg%a(l ¢ operable to

out put a VCO control voltage; a loop filter having an

I nput_coupl ed to receive the VCO control voltage

13 gnahea RETRANtrarscpiver b GaiByilde vehereint thee gingleOpbasat losked loop
; signal; and a voltage-controlled oscillator

C}?gl ?lg%‘?an i nput coupled to receive the filtered VCO

cont raophaselfteguencyi dpteaitor lidvingy o firstgmpaodupdéd el receive a reference

oscillator. aperable to produce the carrjer freguency .
1B S R LGRS PR (et o SR BPaeeive an
cr@r 5idRalOte @%&seoif_lr_%dexﬁﬁR%?’ @G peaBid 8loufht ?Wd) Ifgﬁt%l voltdee;

an out put._ ] -I D transcei ver of claim 13,
wher di loop Hdter bawing iangnpt aonpled tairedeive theo WCOxestral voltage signal

P IR BHRL Rl PR BN St o

out put voltdge-caaioitbd adcillat¢rORGVing b nputd & @dceive the filtered
sel ected fromthe group consisti ngdof a frequency

Preon [al, veltagsdenalathe rvoltage seralleddussiatar- apsyable to produce the
Cqﬁﬁ?@éh@&l%gsigﬁgl'gﬂd of f keyed denodul ator, and a phase
shift-Keye ’

a buffer amplifier having an input coupled to the output of the voltage-controlled

oscillator and an output.

14.  The RFID transceiver of claim 13, wherein the receiving channel further
comprises a demodulator having an input coupled to the output of the image rejection
downconverting mixer and an output, the demodulator comprising a demodulator

selected from the group consisting of a frequency shift-keyed demodulator, an amplitude

9



denodul ator. 15. The RFI D transcei ver of claim 13,
wherein the predeterm ned internedi ate frequency fip

wo goosiokmsanti al |y the reference frequency f EFPOT/SG2005/000047
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frequency divided version thereof.. 16. The RFI D

transcei ver of claim13, wherein the nodul ator
gufitkey ek slemodulatarh dnawnrgf ckefyed sdemannidtor; carl ed phase  shift-keyed
éecq?iﬁ);a? the predefined carrier frequency signal fc, a

% ?hput coupl ed to receive nodul ation data, the

switch operable to switch between a plurality of

states responsive to the supplied nodul ati on signal.

15%. THee RHID tramsiyei wérclaifn dBaiwhetdn tshhepledﬂemhiaed intermediate

dul at r co he voIt e cont | ed oscill atar )
FBTRSLE 5 PRI et e ERuER0Y meor b oy iged version
fh&isofodul at ed carrier signal responsive to the

suppl i ed nodul ation data. 18. An radio frequency
[ dent ification (RFI D) transceiver, conprising: an

le & FI D
ci'r c% g%ﬁgjga}ngﬁel%rp%c& Ve&g’u‘g & ﬁl % 8d%lﬁ€’é FREPriSes a switch
havapsaifst inpgt cxplidvb RecelvR@hdpicefihcdnatrier &e@ﬁéﬂcir?sléxﬁ[ fc, a second

receiving, a nodul ated RFID signal, and a port

PEn il éﬁmmemeequakﬂlwg date, ithe &wﬁéb PeEle & stch between a
II‘?lhfa'ﬁW &t z{tem%ﬁcfm?w@'?gﬂﬁ% iéﬁ)%od rg?%ﬂgl phase | ocked

oop con I gur o prOV|
|nterned|ate frequency signal fa, and (||) a

arrier fr uenc n RFI D
ec e| gﬂUﬁ é‘ﬁﬂ@el"ﬁéf? rﬁ’% ng‘f'mc%‘ﬁ Bh l%t%r ¢rBP1isss the voltage
Qb8 fdseiMbrod "Guptal {d i 'r@d’elv%n ﬁloﬂﬁlaﬁHﬁ Pd4ka, Hhe tBFﬂeruce an FSK

recei ving channel "conprising: a single sideband
wpddaied caitiegsighal eespoasivaty the sipplied mmdulationdptaed t o
recei ve the predefined internedi ate frequency signa
fa, a second input coupled to receive the predefined

T8I 1 | Bh rddie uquEayy Sdegififitation (REMD) @dhs@divdtUéompridingi N9l e
si deband upcoverting m xer operable to produce an

upcorAfe¥Eda opgfithle tﬁfecﬁl"leraﬁ Rejemakif i ned by an i mage
] D Byl e o
RFEYsigmadya pmrbs tfanecaviny aailodulhaeechEﬂie Signaldambd pored ;

freque cond .i nput, coupl ed to receiv

upeor BEbier piplfe: TG AR dabgukou S e S Fub gt 3 and an
Sy operable to produce an output a downconverted

signal at substantially the predefined internediate

f r equepiaglef plrase donked doggrcanfigusedsto provitly @harpnedefined iimgrmediate

BB Sl o £ hed Bt Bk el o
oper afil RFID réteiid@dtiinhélehavBigdndinp@coilpled t6 MhePinplifof the front-end
fnrlpelijfleefr Ialrl]c? gn output, the RFID receiving channel comprising:

a single sideband upconverting mixer having a first input coupled to
receive the predefined intermediate frequency signal fir, a second input coupled to
receive the predefined carrier frequency signal fc, and an output, the single sideband
upcoverting mixer operable to produce an upconverted signal at a frequency defined by
Je £ fir;

an image rejection downconverting mixer having a first input coupled to

receive an RFID signal having a carrier frequency substantially at the predefined carrier

frequency fc, a second input coupled to receive the upconverted signal, and an output, the

10
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carrier frequency signal fc; and a power anplifier
havi ng an input coupled to the output of the nodul ator

wa@paeass4out put coupled to the port 1 of the ciPCTBGL05/000047

19. The RFID transceiver of claim17, wherein the
recei ving channel further conprises a denodul ator
imagé rrgjeation mpimer opegabledia praduee amt putpudfa t dewnomyerted signal at

rej.ection dowgconverting.m xer and _an output, the
SHE%{%‘&@:HXE]&PIG Wﬂéﬂqﬂng{hﬁ%?ﬁﬂ\‘lﬁn&i’éﬁ A ected fromthe
grou thlq@‘lﬁ $4dshttRk c_ﬁaﬂﬂeﬁﬂé’b‘?ﬂ%% &ﬁt}ﬁetgcoggﬁr%ggﬂ pait 1 of the circulator,

denodul ator, an anplitude shitt-ke ator, an
the\RETIP tikespeittingechodnel owprisiaggd a phase shift-keyed

denodul at or . .. The REID transcejver of claim1ly7, .
wher eiun t r?emgﬁ%ﬁﬁﬁoé%‘ﬁg%lg 'q B‘é’a&atelt %B‘@BI‘?&‘PP?@E‘:“&O the predefined
dahas erefjhi@ty vl gedget or having a first input coupl ed

to receive a reference frequency signal REF or
f r equency adpoied aanplidies having he inpuf coupledtoothd dutgnt of the modulator

r iV n ror .signal, .the.phase-frequency detector

a8§§§§8ﬁ’8§%%“%g%ft8 L]'ﬁe gorghﬁf @Srﬂrg'gl?%\r/'ol tage; a | oop

filter having an input coupled to receive the VCO

control voltage signal and an output to provide a

1% | t hheqd RYHD) Hamsceiger \of| elaige 15, gibgreinaflef geceiving channel further
e Sci | l.atar ' [ t upled . .

PREFEAC SERbR T BB o R oo 8 (57 LR b SR AR rfection

dobacomicrtige ntigert rand | &d cugait,| thet demodd bl @nipRispieo dudeémodulator

t he rrier frequency signal; and a buffer anplifier

Flkgief o

sh

oghthe L8P cQfstag o 6fxieﬁ||éen5¥|ts irkeyedidemodulator, an amplitude
- d ,9S&h L Era a 1 €t
R R P P ke SPmBRBEP g, FpITe Cshif-keyed
deowodnlaties (i) a phasel ocked | oop in direct-nodul ation

for generating an FSK nodul ated signal, or (ii) a

si gnmadel t a nodul at or based fractional -N PLL

2By Nt MRl REIDt QarkceidbiC &f adlainSH 7Maehdréih theS k@MBR! phase locked loop
wherein the nodul ation data supplied to the PLE

COMPEIRRSS| zer produces an FSK nodul ated carrier signal.

a phase-frequency detector having a first input coupled to receive a reference

frequency signal frer or frequency divided version thereof, a second input to receive an
error signal, the phase-frequency detector operable to output a VCO control voltage;

a loop filter having an input coupled to receive the VCO control voltage signal
and an output to provide a filtered VCO control voltage signal; and

a voltage-controlled oscillator having an input coupled to receive the filtered
VCO control voltage signal, the voltage controlled oscillator operable to produce the
carrier frequency signal; and

a buffer amplifier having an input coupled to the output of the voltage-controlled

oscillator and an output.

21.  The RFID transceiver of claim 1, wherein the modulator comprises (i) a phase-
locked loop in direct-modulation for generating an FSK modulated signal, or (ii) a sigma-
delta modulator based fractional-N PLL synthesizer to produce an FSK modulated signal,
wherein the modulation data supplied to the PLL synthesizer produces an FSK

modulated carrier signal.

11



