A RADI O FREQUENCY | DENTI FI CATI ON TRANSCEI VER FI ELD OF THE | NVENTI ON
[ 0001] The invention relates to a radio frequency identification
transcei ver. BACKGROUND OF THE | NVENTI ON [ 0002] Demand for Radio
Frequency ldentification (RFID) is increasing rapidly wth
advancenment in integrated circuit (1C technol ogi es and decreasing

size and cost of RFID tags. These enabl e nunerous applications which
require very smaldRADIO UENG € SBENRHFE ATHINIRANSHEIVERt hese
applications include tagging itens in retail stores, warehouse

managenent, baggage tracing and tracking at the airports. This

i ncrease in demand cal |l s forFIELApOFEERBANMENTEX for small form
factor and | owcost handheld RFID readers. [0003] RFID frequency
bands start fromas |ow as 125 kHz. But for long read range
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since the size of the reader and tags are conparable to wavel ength.
Further, the 860 MHz to 960 MHz band falls within the approved
frequency bands for UHF BAGKGROENBOF THIMINYENTION: USA, the

m ni mum frequency resolution is about 50 kHz. EPC & obal d ass-|I
Generation-2 protocol focuses on the frequency band from 860MHz to
960MHz. The [H002]peaberitidlos Radidafrdqueaty $dehtficaioni(RFED is simeeasmgmapiﬂszk

requi renent as, di,scl osed.in publjcati Eur opean Te] econmuni catl
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radio frequency (RF). ~mxed-signal, and di (T:” tal baseband

functi onal it {PvFenst RENRyeaders Spagert these appifatinm me “Idéd%ﬁng itepas REretyil

reader 1C ha ol
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-85 dBmtag ﬁeilr%ﬂaliiﬂngreatdgl%. presence of a 0 dBm self janmer.

[0003] RFID frequency bands start from as low as 125 kHz. But for long read
range ultra-high frequency (UHF), 860 MHz to 960 MHz band, is preferred since the
size of the reader and tags are comparable to wavelength. Further, the 860 MHz to
960 MHz band falls within the approved frequency bands for UHF RFID in major
countries. For USA, the minimum frequency resolution is about 50 kHz. EPC Global
Class-1 Generation-2 protocol focuses on the frequency band from 860MHz to
960MHz. The European RFID standard calls for stringent spectrum mask
requirement as disclosed in publication European Telecommunications Standards

Institute EN 302 208-1 V1.1.2, European Standard, 2006-03.

[0004] There are known single-chip transceivers providing radio frequency (RF),
mixed-signal, and digital baseband functionality for a physical layer of a UHF RFID
reader. The RFID reader IC has a die size of 21 mm?” and is realized in a 0.18 ym

silicon germanium (SiGe) BiCMOS process. The chip dissipates 1.5 W when



[ 0005] There is also a known conpl enentary netal - oxi de- sem conduct or
(CMXS) RF transceiver for UHF nobile RFID reader operating at 900MHz
band. The transceiver is designed and fabricated in a 0.18 m CMOS
process, where the design focus is on the linearity rather than the
noi se figure. [0006] There is also a known reader front-end which
allows for detection of the tag information in the presence of |arge
i n-band bl octigmancpasie trawmiiting RFDBIEmsigeal amtirecaiviog gedBm deaddignals in

all ows for amgél.gsh&@%];g fre(éelﬂ't%a kest desired signal by 18 dB
the

while rejectin er -an |ts noi se floor as well as LO
phase noise by 30 dB on average resulting in a better than 50 dB of

si gnal -t o- bl tio.. bl oc tion is achi eved thro
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bl ocker signals are equally anplified through a I'ow noise anplifier
(LNA) and i nThsheanspeivariipdesiznsdtand fabricagd $n bl & pg@MOS prpgess.bshee thse

bl ocker and aéaggnqsafsIse&heegﬁéilﬁ%ramthahtmﬁd@% pnetion only

preserves the frequency an e stron bl ocker signal.
The bl ocker si gnal |s then rej ected by subtracting the outputs of the
| i near and pﬁ)‘%’l& s. Therefore,. the
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path. [0007] ta‘grlﬂﬁbenat@nan kieqeseRid & 15@@@@5&1@0&3@&@ b&sell fa;ththFm range.
per sonal con;gﬁJt er, where the RFID reader includes a PC c

interface anthePrepnsed saferaliows forgatlidicating Oféb%ﬁ’ﬁﬁieﬁgieﬁléedcﬁl@@ﬂ(bX |1§|43I s
froma cr yst@M@&fechhgmrTxmek&FAn@ ifsSRART dok et BRM s Q?}Hﬂa%% nofle by :

| i neari zed power anplifier nodulator in a transmt pat a recel
chai n capabl @B ofi avategeodalting ngaE@(@rgiamlﬁaldBCdfa@amoa:i@bk@‘ ass. "I.‘P(blogh@cl S

fromRFID tags,..and a i rate Chl vi.ce .for. one
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2 [0008] Anolitear pdthbhil 5 @adl@icapfatlyi Thethe Sews iphihy bty tendaredimnthe blcke:

single antenna RFID inferrogating device by separately couplin
nul |gi ng si gnsggna}soplﬁegquahy amp %ed tgrough a ?ow >;u:ﬂsepamphﬁer y(LNA pand 1% the

nonlinear path, the desired signal limits both the blocker and the desired signals. The
limiting function only preserves the frequency and phase of the stronger blocker
signal. The blocker signal is then rejected by subtracting the outputs of the linear and
nonlinear paths. Therefore, the blocker signal is cancelled out but the desired signal
is amplified through the linear path.

[0007]  There is a known RFID reader accessible through a personal computer,
where the RFID reader includes a PC card interface and a controller both operating
according to clock signals from a crystal oscillator. The RFID reader further includes
a linearized power amplifier modulator in a transmit path, a receive chain capable of
demodulating EPC global Class 1 and Class_0 signals from RFID tags, and an
integrated switching device for selecting one of a plurality of antenna for

transmitting or receiving RF signals.



using a portion of a transmt signal into a receiver. The phase and
anplitude of nulling signal can be adjusted so that the nulling
signal cancels that a reflected transmt signal fromthe antenna,
resulting in the small backscattered signal fromthe distant RFID
tag to be nore easily detected, and inproving the sensitivity of the
RFI D receiver. [0009] A known receiver uses a |unped constant network
approach t o [8008}i natrether RFIDy readdr pudigesc srmpitizity , enbanasaient dors aasidgle
di stributed del a ines. A single-pale, four- throw (sp4t) .antenna
awi tchi ng. arP LRI e Qe TR RuGrer RN, chBhn iR w0l 10RRa
hand-hel d r le_tsﬁigvhslpoﬂ'ﬂ»ﬂa#ﬂ € trafisngip eizaili 1;?_;0 @\tﬁlfe?x‘éir.sl‘lﬂanpl@se @hd amplitude of]c
approximately three to five  neters. is allows the construction

a hand- hel d r?ﬂé‘trea yanal 130 hrgadinsgid shéhat Shsranitiae signal cangels Jhg aré%fgwa
di st ance) angangﬂgqidgqmsﬁam M dnAR redulng intiEsrR hdckibartdrd SEEH GRS
read cl osel y-spaced tags noving rapidly past a check point). Wen
used with cohipanti BFID REItD beayere dabidy dytsetedn andyimaroyingothe soesititity ef ther
the identi flhlg@tggggveor other information stored within the RFID tags.
[0010] It wou & advant ageous to have a RFID transceiver that

provi des the above functions on a single integrated device and yet

is able to te ip one of, a plurality of predefined freguenc
ranges. The RS cnd BTGy P dBuped ronsiabt neEp oSk BRI EL 10, BT S
mat ches the (eily MdBuNSLoRpleEEk @MY aRY AistrBiic dﬁlﬂ\i}%ﬂinéﬁ?&%' O%étg@l@,sﬂoﬂﬁ
and bul ki er RFI'D transcei vers. SUMVARY OF THE | NTI ON [ 0011]

Accor di ng t dhiswe(spdpantenneswitpling ayangement is alie pevided pFhovicersvpr aravides o
frequency i ifi k LYer, | [Waloh NS :
el ny; - SR bG8 A odaBST Shiafon GRE WIBHAR or Bl RERTY UiLe B
be transmi t treeteisn Thif fabloeat ther ededuunéch dfr eqhemkheld aregeiser dantnguhhor
to nodul ate the shaped pulse to.be . transmtted, i.nto . one of oy

bl ural 1ty ofPPBTERE Nt 1 IBaERIAE §sRaed And, et 4 Bpinglion o, fha v
a g ]Ei_em)gmtata‘déurbt@lydﬁﬁa)@wsélty%pﬁceﬁetﬁﬁ e Ging i rgialy pdsOm chetlt Péiat) theaf
predetine used with compatible RFID tags, the system may also be used to alter the

identification or other information stored within the RFID tags.

[0010] It would be advantageous to have a RFID transceiver that provides the
above functions on a single integrated device and yet is able to operate in one of a
plurality of predefined frequency ranges. The present invention provides such a
RFID transceiver that matches the performance of currently available, but more

expensive and bulkier RFID transceivers.
SUMMARY OF THE INVENTION

[0011] According to one aspect of the invention, there is provided a radio
frequency identification transceiver, including: a transmitter path, including; a pulse
shaper to tunably shape the pulse of a signal to be transmitted in different predefined
frequency ranges; a modulator to modulate the shaped pulse to be transmitted into

one of a plurality of predefined frequency ranges; a receiver path, including: a



frequency ranges. BRI EF DESCRI PTI ON OF THE DRAW NGS [0012] In the
drawi ngs, |like reference characters generally refer to the sane parts
t hroughout the different views. The drawi ngs are not necessarily to
scal e, enphasis instead generally being placed upon illustrating the
principles of the invention. In the foll ow ng description, various

enbodi nents of the invention are described with reference to the
fol | owi ng dréemadglatori o wpmednlatp 00 18jeividg signal 1 fromows phirdlity i presdefined

representati D (Radi o Frequency Identification) system
built in acJ@#ﬁg%?gmﬁggan enbodi nent of the present invention [0014]

Figure 2 shows a block | evel representation of the architecture of a
RFID transceiver built ] t enbodi t of the present
i nvention. [0015] Fi gtﬁ%ié}?AsﬁﬁgﬁsifﬁNﬁE%ﬁ%ﬁgﬁg entation of a
hi gh pass filter of a RFID transceiver built in accordance to an

enbodi ment of the present invention. [0016] Figure 2B shows the
frequency cH8®2dt erdn sha drawipes,dikairefarcpessehatdcteregengrally refRrjophe same parts

transcei ver i j t i e .
vent i on itk BARRGLARNER, | Pn RIS AR e R P FR Dot

t he center fingepdegargrallfy baingprl&sed alpex ilbdtratdivgnthe prinfipla B thd gwemiod. In
shows a bl ock l.evel. representation of a RFID stembuilt jin. .
ocor danoe. 1t Sl GRHERIOh, o <Bibodinmms Sl i Ghon 66 deTrbrd Uil 4
shows a bl ockfek@iteto the RIRSARY @biviigs Oh whidRFl D system bui It in
accordance to an enbodi rent of the present invention. 4 [0020]

Figures 5 and 6 show bl ock | evel representations of RFID systens used

under diff erggyta; Oper:at.L h ik i

'ovel repr oddnPhe T aidt TRREREE bheR ISl kel ErFug (il BB ORY g
| oop (PLL) serthmsiionsyssém &uiRFh Bedordanse i anembodinkant pitha preserd amestiort o
an enbodi nent of the present invention.

[0014]  Figure 2 shows a block level representation of the architecture of a RFID

transceiver built in accordance to an embodiment of the present invention.

[0015]  Figure 2A shows a block level representation of a high pass filter of a

RFID transceiver built in accordance to an embodiment of the present invention.

[0016]  Figure 2B shows the frequency characteristics of a high pass filter of a

RFID transceiver built in accordance to an- embodiment of the present invention.

[0017]  Figure 2C shows testing to detect the presence of the center frequency of a

pre-selected channel.

[0018]  Figure 3 shows a block level representation of a RFID system built in

accordance to an embodiment of the present invention.

[0019] Figure 4 shows a block level representation of a RFID system built in

accordance to an embodiment of the present invention.



[ 0022] Figure 8 shows a schematic diagramof circuitry used to

i npl enent voltage-controlled oscillators used in a PLL synthesizer

of an RFID transceiver built in accordance with an enbodi nent of the
i nvention. [0023] Figure 9 shows tuning curves for all eight bands of
an 8-band voltage- controlled oscillator used in a RFID transcei ver
built in accordance with an enbodi nent of the invention. [0024]
Figure 10 sr{@%)]a Jigverral ipnd dishgwariedst lezel ahiessatapongpoicRFBY FYstayts wsed
phase freq ggﬁ %% atlﬁg':pﬁdlt%hq a charge punp bl ock used in a PLL
synt hesi zer o an r scerver built in accordance with an
enbodi nment of the invention. [0025] Figure 11 shows a schematic

di agram of | 21 lrgl %.1 r@"?%ﬁ!}@s Q%gﬁj( 1X B, ﬁés&ta@oriéththél{f}m%?&réﬁﬁgq{uaﬂn

RFI D transc bUI I n accordance WI an e ment

i nventi on. [lﬁﬁmﬁl}asﬁcg:hccelomﬁ (PLLusnthesies df meRidDr @jmecdiveybudf incac88Bance
m xer. [002 ]gl% (AQ}.Z ows atbl ock level representation of the
ar chi t ect ure oqigien Qfdhe MER! B IBE D t r anscei ver built in

accordance to an enbodi ment of the present i nvention. [0028] Figure
13B shows a k | veI epresent. er archlt cture. of
receiver pat[@ﬁf Fe traortgscel ver ﬁtagifanm SESEFHEN & oPaliP Splémertt
enbodi nent Orfolthg“ﬂacon]ﬁbﬂaﬁdj‘dcﬂlamteﬁiddom a PM{ H0de3izdriof ufi RF1R tmhme&eabuﬂt
bl ock | evel .re r ent at E%I?%ﬁi he archltecture of a receiver path

f ront - end ofmé aBC?W é‘EE imgg; 9fths WVERiOBr dance to an enbodi nent
of the present invention. [0030] Figure 15 shows a schematic di agram

of a | ow noi npld. f i NA), of a RFLD tra bui | t
accor dance. (B3R bHAET Feons Fubhe SHEL lnel] fBRnRdh of 3F Gobeay Velaghe
16 shows a hlgekliddevsdillf@pPuasient at REID Ofrarsb@vet bRt ar @co%ﬂﬂlnce with an

configuration of a LNA in a receiver path of a RFID transceiver built
i n accor danca&bodiment of the invention.

[0024]  Figure 10 shows a schematic diagram of a charge-pump circuit of a phase
frequency detector (PFD) and a charge pump block used in a PLL synthesizer of an

RFID transceiver built in accordance with an embodiment of the invention.

[0025]  Figure 11 shows a schematic diagram of a single sideband (SSB) mixer in
a PLL synthesizer of an RFID transceiver built in accordance with an embodiment of

the invention.
[0026]  Figure 12 illustrates image rejection of a SSB mixer.

[0027]  Figure 13A shows a block level representation of the architecture of a
receiver path of a RFID transceiver built in accordance to an embodiment of the

present invention.

[0028]  Figure 13B shows a block level representation of another architecture of a
receiver path of a RFID transceiver built in accordance to an embodiment of the

present invention.



to an enbodi ment of the present invention. [0032] Figure 17 shows a
schemati c diagram of a down-conversion m xer, which can be used to
realize an in phase mxer (I-Mxer) and a quadrature m xer (Q M xer)
of a RFID transceiver built in accordance to an enbodi nent of the
present invention. [0033] Figure 18A shows a bl ock |evel

representation of a channel select filter (CSF) of a RFID

transcei ver (B2t iHiguwie ddr shamisea tlpcknlcwsiiyepiesraationfolt the asehatsethre of a
i nvention. [ i 3 havs e EAgNe .
CSF- 100351 Fraty £ shERr 104 LabRNAR B GRLARLAES B 4E ey
filter (CSF)ofithe presenemeenten. path of a RFID transceiver built in
accordance with an enbodi nent of the invention. [0036] Figure 20

shows a bl ock | evel representation of a variable gain anplifier
(V&) in a r[e&¥d] verFipat h3 slioves RichBmaticadisgreinvda lipuinbise emphtadidfaned a

with an e iyrent of the .invention 0037],._Fi gu 21 shows
schemt i o di SPRESTe e D A SoMARE o s e ke st BRGR ver
built in accordance with an enbodi ment of the invention. 6 [0038]
Figure 22 s a bl ph n [ f_a.pul sesshapi
filter (PSIll?‘y‘xglslrlu a%g1 ggsinqe ;éfféé\?{ gaatbﬁoségf feg&R%bf)&F Irltgtrll(glc &? v%l?' ﬁ{lcﬁ"?e iB d
accor dance wonhgantioreafroNArinta eéeitdi@aihmiarR Fiinirars€8343|bulit fuaceorddike

shows a bl ock | evel _reBrefstﬁntation of.,a PSF in a transmtter path of
a RFI D t r ansi@@pombodigent ofithe pesenf BRI t h an embodi nent of t he

invention. [0040] Figure 23B shows frequency characteristics of a

PSF. [0041] (Ei 4 bi d.st.ruct hemati c. di
b ih ot dIERIGT HevR 12 R RS RO R R Siof Pt b h
with an enboghmenkedb rédige ah Mvelikd Miker [0042)) ndGiduadrdbuirs hws (@-NaixeHk

| evel representation of a podulator_in a . . .
of a RFID transceiver built in accordance to an embodiment of the present invention.

[0033] Figure 18A shows a block level representation of a channel select filter
(CSF) of a RFID transceiver built in accordance to an embodiment of the present

invention.

[0034]  Figure 18B shows frequency characteristics of a CSE.

[0035]  Figure 19 shows a schematic diagram of a channel select filter (CSF) in a
receiver path of a RFID transceiver built in accordance with an embodiment of the

invention.

[0036]  Figure 20 shows a block level representation of a variable gain amplifier
(VGA) in a receiver path of a RFID transceiver built in accordance with an

embodiment of the invention.

[0037]  Figure 21 shows a schematic diagram of a VGA in a receiver path of a

RFID transceiver built in accordance with an embodiment of the invention.



transmitter path of a RFID transceiver built in accordance with an
enbodi mrent of the invention. [0043] Figure 26 shows a bl ock |evel
representation of a single sideband anplitude shift keying (SSB-ASK)
unit used by a RFID transceiver built in accordancewith an
enbodi ment of the invention. [0044] Figure 27 shows a bl ock | evel
representation of a power anplifier SPA in atransmtter path of a
RFI D transcdPR3# bdiigure 22 dewsraiblock lawel hepipscatstionliofrenpuled-shaping filter
i nvention. [ . Fi . i e di A
tranom trer Orh e Sy PR00E ERETISHRN G LT Slodulel Vb 3y
enbodi ment odmHiddéménnvEthkiorentigr0046] Fi gure 29 shows a bl ock | evel
representation of a digital application specific integrated circuit
(ASIC) of a RFID transceiver built in accordance with an enbodi nent
of the inventemmn. FiLBOATA shbe@yhaDIRR BHITEIERARILRGE & IBPhI DlrarRinitddh
ASI C. [0048] Figure 31 shows the transmt spectrummask for a
mul ti pl e i ntRath &fgeRBID transesiyes hrdhin acegmdaniae with @ embhedippg ddhe ipvention.
standard, and an output spectrumof a RFID transceiver built in
accordance with an enbodi nent of the invention. [0049] Figure 32
shows neasur@opul JezisbaB sigows frdqeencylvharacteesticsbf £BSBf a RFI D
transceiver built in accordance with an enbodi nent of the invention.
[ 0050] Figure 33 shows neasured carrier phase-noise at 860MHz and
960MHz of  gué#i| D tFi@ne Qai shotvs bilbighad Burdteer daaEQicMifabral oL EbERY At
of the invention. [0051] Figure 34A shows DSB- ASK nmpdul ation of a
RFI D t r ansce®sayermgih of 4 BFIDgB@éﬁC@faﬁc@wrt ACCAFfagph i R pmbeflimenk of the
i nvention. hgg;%LnFigure 34B shows PR- ASK nodul ati on of a RFID
transceiver built in accordance with an enbodi nent of the invention.
[ 0053] Figure 34C shows SSB- ASK nodul ati on of a RFID transceiver
buil't in [0042]  Figure 25 shows a block level representation of a modulator in a
transmitter path of a RFID transceiver built in accordance with an embodiment of the

invention.

[0043] Figure 26 shows a block level representation of a single sideband
amplitude shift keying (SSB-ASK) unit used by a RFID transceiver built in

accordance with an embodiment of the invention.

[0044] Figure 27 shows a block level representation of a power amplifier (PA) in
a transmitter path of a RFID transceiver built in accordance with an embodiment of

the invention.

[0045]  Figure 28 shows a schematic diagram of a PA in a transmitter path of a

RFID transceiver built in accordance with an embodiment of the invention.

[0046]  Figure 29 shows a block level representation of a digital application
specific integrated circuit (ASIC) of a RFID transceiver built in accordance with an

embodiment of the invention.



accordance with an enbodi nent of the invention. [0054] Figure 35A
shows a channel -select filter response in listen before talk node of
a RFID transceiver built in accordance with an enbodi nent of the

i nvention. [0055] Figure 35B shows a channel -select filter response
intalk node of a RFID transceiver built in accordance with an
enbodi nent of the invention. [00561 Figure 36 shows a photograph of a
die having a RFID transceiver built in accordance with an enbodi ment

of the |nveq uen&%?ggz 15&%&?1%&m§& Weoidnghogr aph of a UHF

(ultra hi gh adel Sys emlncorporatlng a RFID
transcei ver bUI It in accordance with an enbodi nent of the invention.

[ 0058] Fi gur shows tabl e .sunmari.zi ng t he rformanc resul ts of
a RFID trar@%@?ve&o%ﬁ? Stl gﬂwﬁgt?o?ﬂ’éﬂlét é‘?‘?p Eﬁ%roﬁ% fple ggterrogator
invention. [QQR8IméritIWhRh 3ectNMOSERT IGHALE staMMFR 4nd | AithR shadiBen of a
performance results of a RFIDtransceiver built in accordance wth

an enbodi mentFlb} rangeeivey baibiin gecordaposnjth pp gipedimgnitdhgsinyetiopesponse
of a digital low pass filter (channel select filter) of a RFID
transceiver built in accordance with an enbodi nent of the invention.
[0061] Fi gud@0d9 A digws 32 sbogn aiea:iumdapulseasiﬁpihg dilon clpaadteroticaoRE RBID

transcei ver _ built accord nce nbodi nt of. the invention.
[0062] Fi gqur&sRes h'é nﬁc‘ioffgﬁ‘é‘?ﬁv e@P@‘ﬁ%’mforf BVEREPE { ¢ anscei ver
built in accordance with an enbodi msnt of the invention, along with

a detection envel ope 0063] Figure 41C conpares a transm ssion
spect rum madROH o g iﬁ@h’?d’é‘?aé“éfﬁd cyier phapemeise ¢ ANt apd 9g0MHz of

enbodi ment  of pEMPrARYEN: balk 1%@&&&&11(;@“&’@%%Hb@&!meﬁf%qwm‘éem{ogo64]
Figure 42A shows a detected signal, 1n tinme donmain, in RFI

transcei ver
[0051] Figure 34A shows DSB-ASK modulation of a RFID transceiver built in

accordance with an embodiment of the invention.

[0052] Figure 34B shows PR-ASK modulation of a RFID transceiver built in

accordance with an embodiment of the invention.

[0053] Figure 34C shows SSB-ASK modulation of a RFID transceiver built in

accordance with an embodiment of the invention.

[0054]  Figure 35A shows a channel-select filter response in listen before talk
mode of a RFID transceiver built in accordance with an embodiment of the

invention.

[00535] Figure 35B shows a channel-select filter response in talk mode of a RFID

transceiver built in accordance with an embodiment of the invention.

[0056]  Figure 36 shows a photograph of a die having a RFID transceiver built in

accordance with an embodiment of the invention.



built in accordance with an enbodi nent of the invention. [0065]

Fi gure 42B shows a SSB nodul ati on spectrum of a RFID transceiver
built in accordance with an enbodi nent of the invention. 9 [0066]
Figure 42C shows a detected signal, in time donmain, in a RFID
transceiver built in accordance with an enbodi nent of the invention.
[0067] Figure 43 shows waveforns in a receiver path of a RFID
transceiver built in accordance with an enbodi nent of the invention,

where an id ocay: bl r, | d [P ﬂ§F§ e
ef fect of pﬂggghno?g%?gﬁytﬁﬁggﬁﬁ%%tW#§ﬁ§P5%g$ﬁ§#3§%%@%Ef%%pégg a B
per for mance moidea FFich tincanscaingen RBID ttranscedet dndianiae asdotdanan with an
enbodi nent of tge i nv ntLon..£0069] Fi gure 45 shows a two-tone out put
spect rum eni PRI AT Be BB appl i fier of a RFID transceiver built
in accordance with an enbodi nent of the invention. DESCRI PTI ON
[0070] While enbodinents of the invention have been particularl)f/zF
shown and dB&WS i bdidguse 8h sheven dblesungnanviey the pedppeaicassulis of  RFID

shoul d be Ur&%@&ﬁ&?ﬁgﬂ%nﬁ{%@gﬁiﬁtﬁ Ln?gmin'f?]lii&gﬁ Rile ihbdioN ar | OUs

changes in form and detal e nmade therein Wwthout departing
fromthe spirit and scope of the invention as defined by the

appended cl g} The scope,.of the.invention j.s thus indicated he
e nded Ccilbfy 16aRs 0 Sntes b Mg MR R ket ner R, Tty b
range of equRMA A6k bulltie a6doddaiBe RitR ah BRbEdiRER: dficingaticho be

enbraced. It wll be appreciated that cormon nunerals, used in the
rel evant drawi ngs, refer to conponents that serve a simlar or the

sane pur posqeodoPO7 Higdré 8" Bovs ﬁi&%ﬁmﬁﬁeb&@& hleghrrtlﬁi\{%gv %ﬁ?{fﬁéﬁgﬁhﬁﬁﬂeﬁ)@%}% a

RFI D (Radi o Frequency Identification) syst accor dance
to an enbodifftent obfa RFED ptrawesiver built in accordance with an embodiment of the

invention.

[0061] Figure 41 A shows a signal in a transmission path of a RFID transceiver

built in accordance with an embodiment of the invention.

[0062] Figure 41B shows a transmitted signal from a RFID transceiver built in

accordance with an embodiment of the invention, along with a detection envelope.

[0063] Figure 41C compares a transmission spectrum mask of a RFID transceiver
built in accordance with an embodiment of the invention against a detection

envelope.

[0064] Figure 42A shows a detected signal, in time domain, in a RFID transceiver

built in accordance with an embodiment of the invention.

[0065] Figure 42B shows a SSB modulation spectrum of a RFID transceiver built

in accordance with an embodiment of the invention.



invention. 10 [0072] The RFID system 180 includes a RFID transceiver
100 electrically connected with a mcrocontroller (MCU 104, a
crystal oscillator 106, a transmtter/receiver (Tx/Rx) isolation
unit 112 and a power anplifier (PA) 108. The PA 108 is in turn
connected with a filter 110 and the filter 110 is al so connected with
the Tx/Rx isolation unit 112. An antenna 114 is coupled to the Tx/Rx
i sol ati on urdf@66] 11 Figuse #2Gakmysa detegird| signalrin Bige domaig, firaoRf iohisansFiTsr

transcei ver . r i j (Rxin) 124 to the RFID
transceiverl%@%FﬁFggggf%$ﬂ%' %?ggﬂgggggg#%ngkincludes a
transmtter path 105 and a receiver path 102. The transmtter path
105 incl ude ul sh r 138 to tunably shape, t he | se of .
stgnal to. oS irated ey el Ron reesPentth foh RETd aaseeyer buil
ranges; a nRddRdMEe WA ah emikBaikleat 6 thbRveRREEHhEY lah ddaPlob® oscillator is
transmtted 126 into one of a plurality of predefined frequency

ranges. The ¥se&dej ver path 102 includes a denodulator 103 to

denodul ate the received signal 124 froma plurality of predefined
frequency ranges. [0074] It is advantageous to achieve isolation
bet ween t he [0068hs miFiguee 44 shdawsothe affect of pbase moseveith pbidcking signabpriefenh)

reader system havi i ntegrate apsm tter ,and. receiver .
o rangenant onrregel SeRBmdie S e RIS AR &) bR i L AGSIESe it aBhe
recei ver fr omibodiisent bf thBenvieh@stcm tter and the receiver front-end are

not sufficiently isolated. The capability of the receiver front end
to handle a | eaked signal fromthe transmtter, w thout affecting

perform ng qjodoe Gesiré o3 SHARAL SwolBné SUBIT §PediRnARmifid GORCE Y&ber
front-end linearity. It is difficult to achieve, using 0.18-m

( Conpl i ment sanyplifier af aCRFUR tGasrctyon Huidtt v Jccoulehgrovityan anﬁfidimelgr@ﬁ‘éld

transmtter . Q%Q recei ver arrangenent that has the sane linearity
INveniorn. . .

conpared to a discrete transmtter and receiver arrangenment. It was

found that the above arrangenent of the RFID system 180 provided

ood i solation between the transpgittier rtion and the
9 PEscRIPTI0

[0070] While embodiments of the invention have been particularly shown and
described with reference to specific embodiments, it should be understood by those
skilled in the art that various changes in form and detail may be made therein
without departing from the spirit and scope of the invention as defined by the
appended claims. The scope of the invention is thus indicated by the appended
claims and all changes which come within the meaning and range of equivalency of
the claims are therefore intended to be embraced. It will be appreciated that common
numerals, used in the relevant drawings, refer to components that serve a similar or

the same purpose.
[007%]  Figure 1 shows a block level representation of a RFID (Radio Frequency

Identification) system 180 built in accordance to an embodiment of the present

invention.
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receiver portion. [0075] In use, the MCU 104 controls the operation
of the RFID transceiver 100 by sending, to the RFID transceiver 100,
data for transmssion (Tx data) 116 and 11 serial peripheral
interface (SPI) circuit control signals 118. The MCU 104 al so
processes both in-phase (1) receiver data (Rx data I) 120 and

guadr at ur e- phase ( recei ver data (Rx_data 122 fromthe RFID
modul e 100. [§9&]cr yldeaRFBS iykteat 680 ingeddssa tgngseiyor de0 aeleatragslle

ref erence cl 8 'Biﬁ‘f'ﬂfj”' 1 d

resonance of&%ﬁ—éﬂﬂﬁi sm}ec%togﬁr%eﬁgt &’@f’ 88013'5%? Oéa %Fc’?t %%6 a
RFID tr ansce&mmitﬂea’eecbﬁeb(é“xtlsedscﬂatmm unirige randia@b@zaxcaﬁphﬁbﬁ(ﬂ@ll OBh&he
transmtted -Qut signal 126.is arr| dulated with the
Tx data 116, J%Aﬁ? SpuieFted yotha il I@awifh%?f@z{@ %F%‘mSE)tF‘EW&gt a
denodul at ed #5 PUHNRoIE@GEEMEH 2RAH BntSh@Nalk id 2upldins ﬂﬁﬁmu%@hm&
unit 112 ensures that the transmtted Tx-out signal 126 and the

recei ved Rx_11# f@l T@%ﬁmltl@&labﬁr d'x_pufp|136 depm ﬁmﬁa@%%ﬁ 190 erdy o send
Figure 2 sho %{gb( li4et8 ﬁgﬁ?ﬁéﬁ@el%r fbhe architecture of a

RFI D transce| Ver I'n acc rdance to an enbodi nent of the
present invention. Wi I | be appreciated that the RFID transcel ver

200 can be of the nscel ver. 100, of.  Fi
(00761 The RBTEI r AheaBeFnste s oD et HiEtssryer PRl b9 2 Goetvr
transmtter g hoz mtr@sﬂn@k phtRADS iSRS h@ﬁlsedhdp@pms(ﬂthﬂauy shape the

synt hesi zer 206 and a serial perjpheral interface (SPlL) circuit 208.
1) Recei ver Baterrixpsignadyde trppanitied d20 dp dffarent poclefined fpquencypranges; a

| ow noi se a J)dJlét?lngid-NA)noa&I te @Re ?ﬁ%pﬁgf eurl entomﬁlfim% 6 K%%Xlnt one of 3

guadr at ur e- phase m xers 212i
of I and Q ammahm of pradefined Ifreqnp)cyaMg@Mqu(eQmmpf)e; ratls 402 omcllud@md Q

channel - sel (? gl lo;[l'ﬁ{(% Qc?%:elno%ljﬂg{e e rece)veg Slgna%6&4( QOCSF) pluralﬁ fOf

f
| and Q varia e
predef'med frequency ranges.

[0074] It is advantageous to achieve isolation between the transmitter portion and
the receiver portion in a RFID reader system having an integrated transmitter and
receiver arrangement. This is because the transmitter output may leak into the
receiver front-end if the transmitter and the receiver front-end are not sufficiently
isolated. The capability of the receiver front end to handle a leaked signal from the
transmitter, without affecting performing of the desired signals, is referred to as the
receiver front-end linearity. It is difficult to achieve, using 0.18-um CMOS
{Complimentary Metal Oxide Semiconductor) technology, an integrated transmitter
and receiver arrangement that has the same linearity compared to a discrete
transmitter and receiver arrangement. It was found that the above arrangement of the
RFID system 180 provided good isolation between the transmitter portion and the

receiver portion.

[0075]  In use, the MCU 104 controls the operation of the RFID transceiver 100
by sending, to the RFID transceiver 100, data for transmission (Tx data) 116 and
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anplifiers (VG 218i (1-VGA) and 218q (Q VGA); a set of anal ogue to
digital converters (ADC) 220i and 220qg; and an anplitude-shift

keyi ng (ASK) denodul ator 222. 12 [0080] The Rx in signal 124 enters
the input of the LNA 210, while the LNA 210 output is coupled to
both respective inputs of the I-Mxer 212i and Q M xer 212q. Thus,

the receiver path 202 includes at |east one anplifier to a%ify t he
recei ved si tphial paripheralpeterfags BP0 elevitogratral sighals 416 ghhe rBd alser

a low gain j - di t rah

71 Dt r ancceryrSaBH foifhaf HAGHE I DL ARTIE WRl TR Hhal SO
out put s ar e eotipdrethtd Ry dstpa@)t 122efromnpeiRFIDfmddude 160ANPhe thstahngbiliae
Q Anp 214q r ectively via external direct (DC) . _blqcki capaci.tors
S0 e 1- S Sied BrroYiig » bl entt GOF ibEni2e T St BEBHC 168
respective igHauhss Dfesbidicd vESOMELOIn BRJerhhtRirkEdeSFTHE1PA, 108MHI&s tHhE the
outputs of the 1-CSF 216i and the Q CSF 216qg are connected to

respective iRBUR anseeiveid 0D tokmpused puer lopasr dis@nedsvGA 218q. The |- VGA
218i output is coupled to the respective ADC 220i input and the ASK
denodul ator 222 input, while the Q VGA 218q output 1is coupled to the
respecti ve ADU&20( henpusmited TxheutAtitat é2®dud edrder 421 immdulated Will) 82]

The receiver t uses ir zconversi on Lt re, ,si,nce
the recei veT’P—r%ﬁgui P%%x‘fﬁﬁe Jf}‘gﬁ%{ﬁe%%& Gl Bﬁe‘%taa%g;@ksggweﬂré &08}13'1&“‘
228b from anddiiddlateddfrod28e rvdepice A16en RRRakSTAL t Fhe IxO0AIsoRZBR vhasl ikhe
sane frequency as the transmtted carrier in the transmtted Tx-out

signal 126. emseres Brbthgdranspigad T8 ont gighel 12690@ thegecaivd B dbsigrad 134 gisal

Rx_i n signal ;244 5enPasgband signals. Also, at the receiver front-
end, the LNA 210 is designed to achieve high sensitivity in the

|l i sten-before-talk (LBT) node and high Input Third Order |ntercept
Point 11P3 i e tal k- e, wher a,contral..si | LBI/ Tal k
H%‘HJ F’% Te OWS a.b?oc level reé)resen atg e(%n[%:_ gtf%})—?c-&rg loE%Té)

226 determ r{e he respéctrve i nstantaneous no

LNA 210 is i thanst¢diveér R00emitloc arbidasdtoman émbddiié of thd pRsdoiNdnvedfibh.i &
i ith i t chabl i whi ch i h h h
SEZI gned w twillsl;,g ép%rt%?ate% t%gtl trﬁé RFI]IJchan creiov\é:lr g&)s ce}n l:?e 1?3% ?1? })laagg oft th%tRFtIDe

transceiver 100 of Figure 1.

[0078] The RFID transceiver 200 includes a receiver path 202, a transmitter path
204, a dual-loop phase locked loop (PLL) synthesizer 206 and a serial peripheral
interface (SPI) circuit 208.

I) Receiver path 202

[0079]  The receiver path 202 includes: a low-noise amplifier (LNA) 210; a set of
in-phase (I) and quadrature-phase (Q) mixers 212i (I-Mixer) and 212q (Q-Mixer); a
set of | and Q amplifiers 214i (I-Amp) and 214q (Q-Amp); a set of I and Q channel-
select filters (CSF) 216i (I-CSF) and 216q (Q-CSF); a set of I and Q variable gain
amplifiers (VGA) 218i (I-VGA) and 218q (Q-VGA); a set of analogue to digital
converters (ADC) 220i and 220q; and an amplitude-shift keying (ASK) demodulator
222,
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210 can be used in both the |isten-before-talk node and tal k- node
under the European Tel ecommunications Standards Institute (ETSI)
RFI D standard. The LNA 210 is switched to low gain for talk node and
hi gh gain for LBT nobde. The LNA 210 will be el aborated upon | ater
with reference to Figures 15 and 16. 13 [0083] In a RFID system RFID
tags are not battery powered and work in a passive node taking power

from t he RFII8080¢addhe Rrnin signad 1 24endas the inputiof g Lt A1 S whilg thaeNARILD
tag 228 sensjti i I fve r NG

sonsi t1vi £y Ut ol bk Agpatt BRI B P RE D Mingy 2120
around -10 dBms, {h@G8etjveTipathPI0R iR€l6ddssat denspbidarhplificnao hmiplifethe 2divednd
the @ M xer 212q,.so.th t PLL 206 proyides.the . |-M xer 212i and
the oM xer S0 1250 Jue a4t gatipodiate i Biehoin fode oaciop &b mode

si gnal (1- LQepénfhe GGle difthdafl bpdrbiich hedelof QR HATDak@EcehiedPdd. (Q LO
230g. The signals 1-LO 230i and Q LO 230q facilitate mxing, in the

- Mxer 212i and the Q M xer 212q, of the Rxin signal 124 with | and

Q local o0sgGj t or Q: J ' K ouls 200,
wher ot he. pal0daRt Ot ekips AL LSS RERLUO ofbulsife KiiplRd B Mpatl
228b from t hepRFbDhedghiB2814i afil ehaQxAmp 2addicepeesivalpwin o rdsiec(DiG)

the I-Mxer 212i. and t.he Mxer. 212 S0 hat,the | -M xer 212j

br ovi des an Do Sepalte 23 Ads g Suer Peshe B arBRatd Pt o fimled
signal and aosepedtednfitesht I-ASFi X16phasEe §)-00R N 164 dvHileehdbihe bf &ik2q
provi des an out EUt signal 215 having a first differential quadrature

signal and a-S¥cdhei andithe &-ERtiZdPd Grraenmaptipd ios regpestive rpotsqf thad-VOA
external bl oglki Bgy ARPGSIEGRT S84 24THe-PGIAC2 Bi Uuput X B8Liptdd Bf the §Espective
[ 0086] In another enbodi nent, "a high pass filter ( notP shown in Figure
2, but ref erADEER6r impeteand lreeh SK de@ddul 2ar P2 fHpgtuwbild Jhei Q- Vi R b8eabitpyt
e T A R R R e
high pass filter may be a single order high pass filter including
s)e(tssg? g:. SAgf[&(?S%?l ! Ij[%tacrafe' eafgel,rt Ig)arﬂ'ls 2%% 4us sFIag ée%t-ggnvgig%nt Qrghi%:eréﬁlli%, since the
receiver input Rx_in signal 124 includes a backscatter signal 228b from an RFID tag
228, where the backscatter signal 228b has the same frequency as the transmitted
carrier in the transmitted Tx_out signal 126. The receiver front-end down converts
the received signal Rx_in signal 124 to baseband signals. Also, at the receiver front-
end, the LNA 210 is designed to achieve high sensitivity in the listen-before-talk
(LBT) mode and high Input Third Order Intercept Point IIP3 in the talk-mode, where
a control signal LBT/Talk Mode 226 determines the respective instantaneous mode
(LBT or Talk) the LNA 210 is in. In the embodiment shown in Figure 2, the LNA
210 is designed with switchable gain, which provides the advantage that the LNA
210 can be used in both the listen-before-talk mode and talk-mode under the
European Telecommunications Standards Institute (ETSI) RFID standard. The LNA
210 is switched to low gain for talk mode and high gain for LBT mode. The LNA

210 will be elaborated upon later with reference to Figures 15 and 16.
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t he respective |-VGA 214i and Q VGA 214. Higher order high pass
filters may be required which can be deployed as 224. Referring to
Figure 2B in conjunction with Figure 2, to reduce information |oss,
t he corner frequency 270 of the high pass filter 1is designed to be
as | ow as possible. In designing the corner frequency 270 of the

hi gh pass filter to be as |ow as possible, the settling tine

i ncreases. HAABVer In RFRPD @V&i@@c&g@ §§ﬂ§c4r¢ yot giterRpop eredgandle ek inon,

hor t dat
SR R o R e Py R
detected w tHyi the :RFEI]Dcmg 228 saksitivitp gathérnban Bhie, paIsﬂv&jRFHEi‘eaﬂElEseRﬁhﬁt)L ag
228 b tt t he h de t bl
1 accor dancetat B DB ety BEEowd O e sett ing

time. For exanple, the corner frequency is chosen to be between

about 5 to about 10 percent of the backscatter fre enc >2[610087
Ret ur ni ng t d0¢84Gur dhe PLEi296és eqvpled th@érMQQ?Q?l?aﬁﬂd lh?r 2,150 Hlapt

have dir ectyg 9ﬂi%§' 95\?&’&&9& & ﬁ?&é&f %1%1 aIflCE Ml@(gre? 1%3 ectlve#/ with an

architecture 1s chos or ana ase- SI gna
conponents, m@hﬁeylod:dhersdluﬁnps@ﬂama LD})Q?:Q}dhdpa aﬂaftmaturetlbeﬂ Ios@EBﬁoﬂ&@nal

L0 oo 21 B Y 20 SBA o roh SRR B0

Q Anp 214q, MBlt ng2iagnd theeQMesteAl 2, IFGHe R&Yin §ibfl @APWIth i16md, Q local
respectively anp I|f]>3/ t he output signal 213 (having the first
di fferenti alospiHaish4k@ &F@%}Fl%ﬁ@pi%d é’@db‘h AP feduds, 290G Whege ﬁﬁ'a%@n

signal) em tsﬁ%nql Ilﬁ@fﬂch%i?? He 1%3&1%1 2haksc | bidh fdR RURR

215 (having t I rst erentl ar quadr re signal and the second
differenti aIquuaiethmtauhi@vgi dymal C)onffrrslnm irhibe d}l\mxxlezl?_l 2idPhe Q-Mixdr@12q, so

nbodi he |- 14i h 14 h
emodi ment Stﬂé%"‘(ﬂe Iﬁ\/h ?I{ pr()wt Sifﬁl LR 0%@51? ﬁﬁ%a%vm%%iﬁ;qgl ezen a{ ﬁnqc

provi de anplTTicati on “of ArtouH

Q CSF 216q qihbmgﬂahaldl%fdea)ﬁdcaﬁmﬁmalai-pﬁe&@ sigfal a@@ﬂ{eapmlkér lelqlpﬂﬁ/hd:‘es
conplying with, in the embodi nent in Figure 2, either the F

(Federal CorfRufited 518 Zontivas 8 rsto eFRRtiglT ad(rﬁaﬁeoﬁ% and a secon

differential quadrature signal.
[0085]  The external blocking capacitors 224 help to block fixed DC offset.

[0086] In another embodiment, a high pass filter (not shown in Figure 2, but refer
reference numeral 224/424 in Figure 4) is deployed in the receiver path 202, between
the I-Mixer 2121 and the Q-Mixer 212q outputs and their respective I-VGA 218i and
Q-VGA 218q inputs. The high pass filter may be a single order high pass filter
including external AC coupling capacitors 424 (Figure 4) and the input resistors of
the respective [-VGA 214i and Q-VGA 214. Higher order high pass filters may be
required which can be deployed as 224. Referring to Figure 2B in conjunction with
Figure 2, to reduce information loss, the comer frequency 270 of the high pass filter
is designed to be as low as possible. In designing the corner frequency 270 of the
high pass filter to be as low as possible, the settling time increases. However, RFID

protocols specify, for RFID tag detection, shorter data preambles compared to other
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Tel econmuni cati ons Standards Institute) standards. Each of the I-CSF
216i and the @Q CSF 216q have a tunabl e pass-band frequency to be

ei ther around 320 kHz or around 1.5 MHz. The tunable |I-CSF 216i
filters the anplified differential signal 217 provided by the I-Anmp
214i, while the tunable Q CSF 216q filters the anplified

differential signal 219 provided by the Q Anp 214q. [0090] A received
si gnal st r erfgrEnynigttien petoqoRsSThe dhorterdata pisambkinsans thagthe RBHaea28

RSSI circuit i QE“H j i p

receiver 1 F)i(?ﬁb ggtg&?dé e ﬂe%ts@tr%ggeg\‘tlrﬁéﬁgﬁ% ’glﬁlst 02&21&6?% r%%ztzﬁe
respective evis backadattot modulmipn, drpagh paas $ilt22i4 made ahrdabkdniancdréapac td thm c
form The ouytput from:t S| circuit ma be use 0 control the
gai s of - bot TR e bt e ciiing (o Beainae: B eo0g hgmetey s
dynam ¢ r ecejhysentd BEBetwIEHRBEH WLl BCHdrMt & B biReduELiégersiopt ed
for realizing the logarithmc anmplifier. It is conposed of five

stages of limting anplifier conbined with a full-wave rectifier and

| ow pass fil T | k£ 1 ] 3

architect uré&gggit hg&ﬂﬂ)?gg%%g?gﬁ%ﬁcﬁ%ﬂgﬁ%%% itgi;aeﬁ]g%ﬁ af]e
The VGAs 218lircaircbn2&8ign eacthtepums) fdly diffetchigal emttowctoents doswnfdr analog
Figure 2, a.60d ai.n {n the. receiver path .202, Wt ontral, ra of
Shout 45 4. SerF S Potgeing s Pp s Piets di i S e P Pk
filtered firgé -diSERe6e M @ICSFR16p/@s & VREANASi, ded)-Vioe Didd ereetDeeemnd
differential i n-Bhase signal) fromthe I-CSF 216i. The Q VGA 218q

amplifies tH@d34vpand AR donedplate?%% | tered first differential

guadrature signal and the filtered second differential quadrature
signal) fromthe Q CSF 216q. [0092] The output signals 225 and 227
fromthe |- \W§88p18iThadeAmhe 14 ar@athe Y-8qnm? Hgs ertingt & interinedibte-fkgiency

derodul at or 332 BRArkRe RS0 SRR Tyo g inf aipar Ha CRBR flcard™

filtered fi rdifferdntidl éi-pinise slgnhlnmphiasecoiddiierepiisl inphietsigial Ralit@PHom

the amplitigd [yl Loned saeond: diff Shent b AiPReSRs hOMh Sithenta
quadrature signal and the second differential quadrature signal) from the Q-Mixer
212q. In the embodiment shown in Figure 2, the I-Amp 214i and the Q-Amp 214q

each provide amplification of around 12dB.

[0089]  The I-CSF 216i and the Q-CSF 216q allows the RFID transceiver 200 to
operate in channels complying with, in the embodiment shown in Figure 2, either the
FCC (Federal Communications Commission) or the ETSI (European
Telecommunications Standards Institute) standards. Each of the I-CSF 216i and the
Q-CSF 216q have a tunable pass-band frequency to be either around 320 kHz or
around 1.5 MHz. The tunable I-CSF 216i filters the amplified differential signal 217
provided by the I-Amp 2141, while the tunable Q-CSF 216q filters the amplified
differential signal 219 provided by the Q-Amp 214q.

[0090] A received signal strength indicator (RSSI) circuit (not shown, but
compare RSSI circuits 4051 and 405q in Figure 4) may be placed along the receiver
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anplified filtered first differential quadrature signal (in output
signal 227), and the amplified filtered second differenti al
quadrature signal (in output signal 227). The ASK denodul ator 222
denodul ates the signals fromboth the I1-VGA 218i and the Q VGA 218q
into I-ch. data 232i and Q ch. data 232g. [0093] On the other hand,
the ADCs 220i and 220q, which both may be of 10-bit configuration,
provi de di gi padh 284 tqdetect 28 ptrengdh of3he sigoal (Erom ﬁeﬁewmiwes%tem}d tocking
digital sig Sir t he p

anal og-to-di g l[mf% %ﬁ@ Qeé Mﬂm C%Ihvgg g %#S%Or?é:{ho liélfbnl c”ﬁuﬁmay
si gnal provilsededyo dol’rl&o] mwgﬁns?.aﬁmm the ThaGA dil g atnalthd @Wmse&@togﬁ@kove

234i. On the, other hand, the g adratur analo to-digital 6 L
converter ADES é@@&“&&%@?f@gﬁm WSSy ‘%tﬁ&ﬂ?fa?f léﬂcg‘i“gﬁélfioﬁ%%ra%?&lzw

the Q VGA 2&8%%&91@% dinglifi&! Igtﬂ@%ﬁwgea &t gRal st;?g%élqaf Tinititg! %)rggﬁﬁer
appreciated, in nmbodi ment shown™in Figure 2,” that the A

and 220q ar ecotehinegrieich a fdlgwavearctifier hnd loav pass Mo "ﬁlleaﬁlmma apipdificy EsEn
epeai i ed 1 riBbis O SRRl U o Bl ShAREP o PRS0

Col l ectively, the outputs 234i and 232i formthe Rx data | 120 (al so
122 (al o r PPl B0y 2 RhabkpTd dich Bividke e GrbodiBenicervan
path 202 nayrib@eeasi @Bt Qi M @8 F&Rer FAANAL EWith Cottf] Pehgd of about 48 dB.
super het erodyne architecture and achieves a reduction in chip area

wi t hout the Bk ¥4 3Fitamplinics theepuinni 22 dheving then@ered S diffiyential in.
receiver patﬁhas% %garzﬁlﬁ' 1?1@%1% Mﬁﬁ&&ﬁ#ﬁﬁ@@%@%@ﬂalg@oﬁ g2l esko

base band si‘gna I rect nmeans carrier
frequenci es Zioe t fibe MAAhlﬁqhmnpllﬁ@vﬂnt agfput §2$y(hmhng)rthzaﬁliam¢d ifgst

not needed between .the.l and br anch AS Iatl t hu
Sl Lo ng GHERE SRy e Al I BRarbP herond aifi el bkl Satel o
that there ofgnlcaDOsrdabgct s the backscatter signal 228b even when

there is a phase difference in the backscatter signal 228b carrier
frequency and the | ocal

[0092] The output signals 225 and 227 from the I-VGA 218i and the Q-VGA
218q are sent to both the ASK demodulator 222 and the respective ADCs 2201 and
220q. Thus, the ASK demodulator 222 and the ADCs 220i and 220q receive the

20i

amplified filtered first differential in-phase signal (in output signal 225), the
amplified filtered second differential in-phase signal (in output signal 225), the
amplified filtered first differential quadrature signal (in output signal 227), and the
amplified filtered second differential quadrature signal (in output signal 227). The
ASK demodulator 222 demodulates the signals from both the I-VGA 218i and the Q-
VGA 218q into I-ch. data 232i and Q-ch. data 232q.

[0093]  On the other hand, the ADCs 220i and 220q, which both may be of 10-bit
configuration, provide digital outputs 2341 and 234q for further processing by digital
signal processing (DSP), if desired. Thus, the in-phase analog-to-digital converter
ADC 2201 converts an analog in-phase signal provided by the I-VGA 218i to the
digital in-phase signal 234i. On the other hand, the quadrature analog-to-digital
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oscillator of the RFID transceiver 200 (i.e. the operating frequency
of the RFID transceiver 200). Il) Transmtter path 204 [0096] The
transmtter path 204 includes a set of | and Q digital-to-anal ogue
converters (DAC) 236i and 236q; a set of tunable | and Q

pul se-shaping filters (PSF) 238 (1-PSF) and 238 (Q PSF); a
nodul at or 240; a pre-anplifier 242 and a power anplifier (PA) 244.

[ 0097] | andcopventenddi 220atenv2d8an amdoR 48ajrdtuiersignal pxotvded bl ther QEe840r

(not shown),ar ent .to their res tive |.and DACs 236i d,. 2369
nput s, The 11ara 1t gybebesie s iatoauy v eree By Bye R e
respective idnpunsn Fgié e, thafihE ARSI 2200dnd 2704 he desibRid, Zddther Wit the PSF
238i and the PSE. 238q_ outputs are coupled to respective inputs of

t he modul at o¥SBAJ61 PR the dWt@fort18n 0o meputhe sequyamprs unger prierference
re-anplifie 2 ; i &f i il | output the TX
p mp Oélaﬂl%g% gbgl:’ltﬁedm Eﬂﬁ%@&?&g«g@*{q %ﬁ‘{dﬁi’ﬂs p

; ¢ t .
out signal 12 see Figure e enbodi nent shown
in Figure 2, the DACs 236i and 236q have 10- bit configurations,

where the r ti of the 10-hit.,DACs i, an 6q,_ar. | ect.ed
based on . dBfedlce deShveby T i 2o 250 ot BeRe dnarap S SR
digital porFip@asl); ihde BCoriphis 33a9\wadt232q fBhgitiaRxsdgnal 124 @lsd fef@n
anal og signal, 2491 to be transmtted, wherein the DAC 236i is

coupl ed to t¥igsd)-se shaper |-PSF 238i such that the anal og signa
249i to be transmtted is supplied to the pul se shaper |-PSF 238i.
The DAC 236q converts a digital signal 248g to an anal og signal 249q
to be transmtted, wherein the DAC 236q is coupled to the pul se
shaper |- PSHU®5q stheharchifpsture 196 fhm#wesir@wamgm be dgsict o atpgratced

Gata bris 1o THE R NeRE SABPALC R el e LTI Y o RELDY AR

nmodul at i ons s&echentbeyt thawehversioutsl & sitdmisdiatt frequapdy stagbe Thhirédeivce pathg
202 architecture converts the modulated RF signals to base band signals directly
which means the LO and the RF carrier frequencies are the same. Another
advantage is synchronization is not needed between the I and Q branches for ASK
demodulation, thus simplifying design of the base-band. The two I and Q branches
ensure that there one branch detects the backscatter signal 228b even when there is a
phase difference in the backscatter signal 228b carrier frequency and the local
oscillator of the RFID transceiver 200 (i.e. the operating frequency of the RFID

transceiver 200).

IT) Transmitter path 204

[0096] The transmitter path 204 includes a set of I and Q digital-to-analogue
converters (DAC) 2361 and 236q; a set of tunable I and Q pulse-shaping filters (PSF)
238i (I-PSF) and 238q (Q-PSF); a modulator 240; a pre-amplifier 242 and a power
amplifier (PA) 244,

[0097] I and Q transmit data 248i and 248q from an external processor (not
shown) are sent to their respective I and Q DACs 236i and 236q inputs. The I and Q
DACs 236i and 236q outputs are coupled to respective inputs of the I-PSF 238i and
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(DSB- ASK), phase-reversed ASK (PR-ASK) or single-sideband ASK

(SSB- ASK) as desired, by the various conmunication standard
protocols used within the 860MH#z to 960VMHz RFI D band, can be

reali zed. [001001 These standard protocols are, for exanple, the EPC
(Electronic Product Code) O ass-1 Generation-2 standard, where there

are a multiple-reader node and a dense-reader node. Under the EPC
C ass- 1 GenethatQ-8BF 23§ganble &#PSFh8Se andusharSHBSF 23 Be ouipptsdief eupled to

transmt spe s i tr i i . I i t.
i tarly,  oreEORRts BE e Rhd o' AR SRR oSl L BAMLATRE,
reader node pse-almphfieresieinputy evhile alis pieasipifies pHt batpon ta KK andsignal 126
transm ssi on . ba ] dt\rj 18 [ 001011 For the RFID transceiver 200 to
operate wi t HARO S¥e18HSE & standard protocol s, the pul se shaping
filters I-PSF 238i and Q PSF 238q are nmade tunable to reduce the
transm ssi on bandw dth so that the baseband waveform spectrumis

shaped to fil00%lt hilp therganbadipend shepan iy Bigwigi % thenlgAkra SROisind 3P4 baveplp-

t he respecti 0 0t ht s enbpdi oW 4

i gur o bt R potlARES DI RES1onbifl B e [RREITBEL 2SE0ME lig o
238qg are sw sizhizbbesedonseloasitiethtivreef syaism dpaindsatioh béBveekpzaloBhddizitand
160 KHz for 0.5 dB,ba i . Afirst .attenyation of 30 dB ts,. at
150 K, S0GHUSate PRy 9 pReps el §En 20 a8 anoe Hend Rl Bie s
dB begi ns atand@btcHaherdBOhKIHA @nd6ilid 20uildl 1o @8 RAkE isklel I-PEEIA3BRSuch
the I-PSF 2381 _and the Q PSF 238q renpve spectr al Stgafeul ntroduced by

the | and Qthriche 2ndps sigaal 286¢p btippsmiftedist appkicdote ipeulie shancedPsFe
of the |- P553%§igh§§§c§ %@oﬁ%ﬁﬁgné&fs@ aP BN o! 4 din O sfonafaaobin bl

The nodul at or pts a configuration to rea
modul ati on sichemitd, BBBeiASKs DPR: 28K iardudSBtoABK pulse shapSBL-RSK 238qisuckPR

ASK, | | 3 i on of | - dul 240 | d. FE
5o5. ASK, " bot Fet PRETOEHETS 405t BROTBIYELY o ey R Bt ABrogy osr
needed. The AL 206 is coupl ed

[0099] By feeding proper data bits to the respective I and Q DACs 2361 and 236q,
various modulations schemes, namely double-sideband - amplitude-shift keying
(DSB-ASK), phase-reversed ASK (PR-ASK) or single-sideband ASK (SSB-ASK) as
desired, by the various communication standard protocols used within the 860MHz

to 960MHz RFID band, can be realized.

[00100] These standard protocols are, for example, the EPC (Electronic Product
Code) Class-1 Generation-2 standard, where there are a multiple-reader mode and a
dense-reader mode. Under the EPC Class-1 Generation-2 standard, these two modes
specify different transmit spectrum mask and different transmit bandwidth
requirement. Similarly, the European standard ETSI EN 302 208-1 specifies another
reader mode with a respective transmission spectrum mask and a transmission

bandwidih.
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to the nodul ator 240 to provide an in-phase radio frequency
oscillator signal (I-RF) 250i and a quadrature radi o frequency
oscillator signal (Q RF) 2509g. The I-RF 250i and the Q RF 250q
signals provide the carrier radio frequency (RF), having a
predefined or desired frequency range, for transm ssion. The signals
| - RF 250i and ?RF 250 are nodul ated, in the I-Mxer 212i and the
Q M xer 212H01Q}]t h Fonehe -RIEP tr2E8Fiven 00 He perBE wigde theitabave stagdas

with the tr 1.SSI

carrier si gﬁgl?ﬂé@% tRQp%?rébfn % élgcfl lﬁ&dlt %@%ﬁg lfhgg{l %;%{ ar%%%%gle to
Thus, the trradhs:m ﬂlbaranpmtsbloﬂaﬁnﬂwrdtMGb thatcibe desetahd [veasformngpectrum 1s
anplifier t nodul at ed signal. 252 to be_transp tted.

the. enbodi e SRY ML PguPPesive H@%w&“?wﬁ(owmfégffﬁ : RV
conpr essi on PR fRétbEE. mqmg rem%ﬁlhieﬁt slﬁ%‘nﬂn @igﬂwplth@ffun@dwyﬂée shapiBg
Further, the transmtter path 204 may further 1nclude an attenuator

(not shown) filgryl-PER GaﬁlearﬁoQtPS%@Sefar@ pwitehsblgl tatselgctsthps rasbands of B8
transmtted, t

rodul at or - 2400 iE L ARAPHR of BitlasRRTD s PosB oS50 ob e
transmitted.atTHe K, 800 KKz anh§SbEHz passiivdy. desdcosl attmtatomestiedB

R Bt 1 anocdieis SRR RS0 Kutzaatot 20 il RSPy, AR g6 s iase Rie
in the |istemndiRdg-PIENTey réheves E&u@b@ﬂdﬁf@ﬂuc&ﬂgﬂh@m ah®@Q DRTENBsINAd
whet her a signal is present is based on the detection of the Eresence

of the cent%@faf Eéﬁhﬁﬁkﬁﬁllépnéhep?@l‘?émé%?%@eé‘t?§ﬁr?él81 andotiie (&PSF £38q are
detected si gpghsilaeh®4a power |evel around the threshold |evel of

about -96dBm a sma DC voltage will also be obtained under direct
conversion. The small DC vol tage nmay be submerged in DC offset
caused by s ka |rect o ver |on ar chit ctu hu
maki ng det e@ﬁﬁo heg‘gurlra %@ Pttsage g'llrf’tmlf 8?)f6 PE&
modes, usi ngn@ﬂﬂzefoﬁabchsmég,masB ASK0t PRIASK hﬁlESSBgN&KS For Lm:sgamrc aadd
QLO 230q, are used he RFID transceiver 200 of Fi e 2 to detect
the presence-drk 4 wgééﬁﬁt&ﬂ i thn &R vodyatpr gt %S%gﬁﬁérssﬁeééK both

around the tdfy F&tﬂ)bcge&tﬁ)\ﬁg lof the I- Q modulator 240 are needed. The PLL 206 is coupled
to the modulator 240 to provide an in-phase radio frequency oscillator signal (I-RF)
2501 and a quadrature radio frequency oscillator signal (Q-RF) 250q. The I-RF 2501
and the Q-RF 250q signals provide the carrier radio frequency (RF), having a
predefined or desired frequency range, for transmission. The signals I-RF 250i and
Q-RF 250q are modulated, in the I-Mixer 212i and the Q-Mixer 212q, with the I-PSF
238i and the Q-PSF 238q output signals with the transmission data 248i and 248q.

[00103] The modulated carrier signal 252 is amplified by the PA 244 to about +10
dBm. Thus, the transmitter path 204 further includes at least one amplifier to
amplify the modulated signal 252 to be transmitted. In the embodiment shown in
Figure 2, the PA 244 provides a 10 dBm 1dB compression point output power with a
gain control of around 15dB. Further, the transmitter path 204 may further include
an attenuator (not shown) to attenuate portions of the modulated signal 252 to be

transmitted, wherein the attenuator (not shown) is coupled to the modulator 240 to
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of about -96dBm The two test nobdes are used in the direct conversion
architecture. 1001061 Referring to Figure 2C in conjunction with
Figure 2, the first test node setting has the data signals |I-LO 230i
and Q LO 230q set to the pre-selected channel frequency c" when RF
scanning is performed, i.e. the transmtter path 204 is swtched on
and an un-nodul ated Tx-out signal 126 is transmtted to verify that
the RFID t riaprivseth srodplo@disignabdile ibadransmitthd Bheeattsanaior may bhanpsrsive
frequency cn is switched off, and
then only tﬁgwggé%?SQQQBSEE&g%%%%g ﬁ% 39 on. The software\MII

set the | ocal OSCI||at0r (LO frequency to adj acent channels having

frequency ipt al ter cn+i +2, . Ol

| esser  (en- 001041 sfé’ meet %)%Fz o RED prpse ctiFotouli g asediVio of
frequency Crhroﬁ'ffde@@ﬁ}u@ 6rr1ﬁ6’c&cﬁ' ﬂ’x@rllst%QQHod’é' |ﬂJmTé? hd BUSI Et@n&aY@' t@stmg to
through the various adjacent channels (c. 1 n_2, enti, +2) If
no R in SI gch‘féﬁnn@zmhf:@lw Agignplds presend éy aseden @qalﬁwéqwnf @feth%w&@ceef thg
det ect ed. t

frequency | e bpqfboby G ERALRAINIRLR, BEye0hSfor BEELEA Hllls baving a
|nnedlatelyIgmemﬂ@mlmbami&hahn$hﬂ¢éhebbﬁdxmhaﬂ@ﬁhnfasmﬂbﬁmyvmngevan

the RFID t 0 Il bl t t
Chonnel 1 oo shiHindd ndet direc? Forf@isfoat, Tl SRl R St R e S e

only of fset iByD @bk ca&@aw sbfmeMO Ngkagdeqs Me @SRt bd@b@ronfdraﬁtéemfey thus
en+i. The local oscill ator freﬁuenc of the RFID transceiver 200

will then benakdng desecsion of the small Kaviltege diffiewliaquency i medi ately | ess
than the pre-selected channel frequency c") to verify that the RFID

transceiver 200 still detects the pre-selected channel frequency
C,,. Subseqlf¥h03ly, Twretebtonedesosmg ¢xi¢roal softwenwmna"yl aszthb IaignRFII-IDO 2301
transcei ver 2 e set e eoted C
O Lootos o i 3R Tebi phleRFR RrRELE nE PR Geo 2o HERC e

frequency seiredeficeiT a b@f:lfs‘éﬂ’ter Effgﬁﬂllﬂﬂb Havihg 4 b@w@ﬂéve&i @ﬂo&ﬁd 131C tl&’éaﬁynﬂbvel
center frequency c for_exanple, 100 kHz, At the sane tine, .the

transmitter PapPrto8adEm. The freiestimogss areised inpthe direst gonversignaarchitegiure om
t he base band. Wth SSB nodul ation, the transmtted Tx out signal

[00106] Referring to Figure 2C in conjunction with Figure 2, the first test mode
setting has the data signals I-LO 230i and Q-LO 230q set to the pre-selected channel
frequency ¢, when RF scanning is performed, i.e. the transmitter path 204 is
switched on and an un-modulated Tx_out signal 126 is transmitted to verify that the
RFID transceiver 200 is operating at the pre-selected channel frequency c,. Next, the
RFID transceiver 200 is switched off, and then only the receiver path 202 is switched
on. The software will set the local oscillator (LO) frequency to adjacent channels
having frequency intervals of 200kHz either greater (cp+1, Cni2, ...) Or lesser (¢p.1 , Co-
2, ...) than from the pre-selected channel frequency ¢,. The RFID transceiver 200
will continue to cycle through the various adjacent channels (cp.1 , Ca2, Catl, Cot2) if

no Rx in signal 124 having the pre-selected channel frequency c, is detected.

[00107] In the scenario where the local oscillator frequency is set to either ¢4 (€.

the offset frequency immediately greater than the pre-selected channel frequency c,)
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126 will contain the pre-sel ected channel center frequency c,,. A ong
the receiver path 202, the down converted signal (i.e. the signal
emtted fromthe |-Mxer 212i and the QM xer 212q wll have a 100
kHz frequency, which is detectable by the RFID transceiver 200. The
| ocal oscillator frequency of the RFID transceiver 200 wll then be

switched to the channel center frequency co for normal operation.
[ 00109] Ret uhaRAY transeeigien290wvillibh eblRie deteqt shespreiselegteddunpg diequingy hal f

dupl ex m)de 4s till_gl §e’—selif{3 edDd‘I\i%ne%ﬁl u g 1}5881’11%/8(:!5% )Whl&nlt tZB k}f‘fﬁgz‘%‘ge

and 220g, can are e sane in no own) ,
shared pins lbtal dd)srcﬂlatdroftaiueﬁé)() cm(ll nﬁUnb/ rmuﬁlputc)llqwmﬁrcqﬂ'dney séfattien G FOD

pi ns reduces t i 0 by hal f nd allgws_for a nore conpagt
chip. Il1) mcq‘%agf’@vﬂp ﬁf@g%&@?t%e SHaeffer ety wteﬁy@%st an
synt hesi zer (g9 9r£@[b%feﬁtc%§nﬁe|ﬂ Eref @by %9 t@rveﬁf)ﬁﬂlﬁ{ {ne gD t!‘rﬁﬁéh@%@moo whilch
the RFID transceiver 200 is to be operated at, in the formof in-

phase and quistictst lie arphdeded chanselnfeqienes of t tﬂ“bi?gheltﬂli{e the. Realpswillagid
Q RF 250q Sf'ré%@@rltl%) ?1{19{3 {{%ﬁ?'t&%séeﬁ)ve% %8 %ﬂ?%@ s%f & tl?eahrk P41l %hannel
an 0 or

nmodul ati on, e recel ver own-conversion through
t he signal s frequéxc®39Qi and Q LO 230q 21 Further detail on the dua

| oop synthesizer 206 architecture is provided later with reference
to Figure 7. 1V) SPI interface/circuit 208 [00111] The RFID

transcei ver [(4@08]C O kot st Whdde sefink HAS i) 1088 \Us€iBigtoY faqichey sspf an
interface 208. The SPI interface 208 provi des programmability and

control of ofEe: Beancadpelihs rse-selpricdzehapnel iogpise Srgancy oo, for pstnnls 10Re
transm tter lg-]gzt NAZBE DONREme, he SAHGREY: gﬁﬁtz'foﬁ!q Bhndnlin g%‘hod RAP clock
6: “activation)’ he

synt hesi zer ; de-activati vari ous conponents
in both the signmh&if ﬁ@mnhqolashbaﬁm With §SBheoduéaionythe tpatt@DPx towt signal

conserve po e SCE interface 208 allo r,ting.

control & - ogirt BurabrE i L bR TR aRes g er Yotk i B T

m cr o- cont r glakte202] @¥e down converted signal (i.e. the signal emitted from the I-Mixer 212i
and the Q-Mixer 212q will have a 100 kHz frequency, which is detectable by the
RFID transceiver 200. The local oscillator frequency of the RFID transceiver 200

will then be switched to the channel center frequency ¢, for normal operation.

[00109] Returning to Figure 2, the RFID transceiver 200 works in half duplex
mode. Thus, the DACs 248i and 248q, along with the ADCs 220i and 220q, can
share the same interface pins (not shown), making the shared pins bi-directional I/O
(input/output) pins. The sharing of pins reduces the pin count by half, and allows for

a more compact chip.

IIT) Dual loop synthesizer 206

[00110] The dual loop synthesizer 206 generates the desired or predefined
frequency, which the RFID transceiver 200 is to be operated at, in the form of in-
phase and quadrature-phase (Q) components (through the I-RF 250i and Q-RF 250q
signals) for feeding to the transmitter path 204 for modulation, and to the receiver

path 202 for down-conversion through the signals I-LO 230i and Q-LO 230q.
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(Figure 1). There are 20 shift registers which are used to fulfill
different requirenents of control conditions. The SPI circuit 208
may be a digital circuit synthesized from Verilog code. [00112]
Different RFID systens, built in accordance with enbodi nents of the
i nvention, are described under the heading "Q her RFID system

enbodi mrents” O her RFID system enbodi nents [00113] Figure 3 shows a
bl ock | evel Fwtherdetnill anitba doél laofRFyihesRar 206 Brcbienture\is provided later with

I dentificati OF‘% sgft%m 3072 built in accordance to an enbodi nent of
the present "™THVERLT DR ['00114] Sinmilar to the RFID system of Figure
1, the RFID system 302 includes a RFID transceiver 300 electrically
connected with the mcrocontroller (MCU) 104. However, the RFID
transcei ver B0GP &tecsrekedt2q ant ennas 303 and 304 via respective
filters 3065 A411308rhe ETPRLRBAG 308 dofhmhBRd s Quilt] Adbkdal B&GccS VN BeS
Tx out 126, whil'e the antenna 304 Is used to recelve backscatter

si gnal s 228bSHIrioterfaceh208RFTI SRlginkece 308 ptovidss pragrammaltiley 4R control of
transcei ver 300 via the j i.gnal.s 4. .22 100115].. The D i
tr anscei ver 0 haBed 8t I R0 HARR e o0 i b B e o
200 of Fi gurfeqhiendyhsestinpoapie ehiab 1dag \dyhiesditdt 206 haivatieedhuniandrs ofithe
not further el aborated. ['Ong]Eg%h@A recei ver 32332 recei ves . the i.n
si gnal 124. YAIOUF FPmpRRCAiS IR SOt drapppaiter pafd J0dcand, e reordves @plhedl2 e
sane functi oRgs@ve phRel Wher! H8edeHOTBANEDLT Witk dPade 8! alldWsX G¥itidd Z2bnt@dlds
the QM xer 212q, i.e. the receiver 310 anplifies the Rx in signal
124 and subswxiiewetign gataf giterghel RIAD csansesiserof0q gisoBieamcrpisentrollep Hidde

| and the tur d e f e i i
2 subseqrTtE ] PRAf, S, SURA0CRRER LATLIS el Sha0eL
by the |/ Q AbBGignis2@0cprio] otrdifionst HEhe SPQLitdunte?D8 mdatba 2 dditalacicbu®

data 234q; osrynﬁlrééalzédﬁé\rg\}gﬂgoagtc%dgorrponents under go

[00112] Different RFID systems, built in accordance with embodiments of the

invention, are described under the heading “Other RFID system embodiments”

Other RFID system embodiments
[00113] Figure 3 shows a block level representation of a RFID (Radio Frequency
Identification) system 302 built in accordance to an embodiment of the present

invention.

[00114] Similar to the RFID system of Figure 1, the RFID system 302 includes a
RFID transceiver 300 electrically connected with the microcontroller (MCU) 104,
However, the RFID transceiver 300 is connected to antennas 303 and 304 via
respective filters 306 and 308. The antenna 303 is used to transmit the signals
Tx_out 126, while the antenna 304 is used to receive backscatter signals 228b from
the RFID tag 228, which is sent to the RFID transceiver 300 via the Rx_in signals
124.
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ASK/ BPSK denpdul ati on to obtain the denodul ated |I-ch data 232i and
the Qch data 232g. [00117] The receiver 310 al so sends received
signal strength indicator (RSSI) RSSI | 354i and RSSI _Q 354q data
signal s which provide an indication of the strength of the received
signal Rxin signal 124. The RSSI_| 354i and RSSI_Q 354q data signals
are used to control the receiver 310 gain via the LNA control signa
226. [00118]00¢@A8] | ol REERI tramstéiver ﬁ@%du@ncymuHMth&hmﬁmaetmaﬂgtéﬁﬁbr

300 can al so ed ext rnaII n external L
2 ow tch 2aorRi i@ AopEr P ol Bmptndr Sy AR EEGEE R idnd
nodul at or 24fhrther dldtatatéde transmtted signal Tx-out data 126 is

transmtting at the externally controlled frequency. Further, the
switch 348 sends anot her appropriate signal to the receiver 310 to

down convergodﬂie] rRe&leMer3 fl SRakeshe IRY H2doi 15hensiiigen Hélated that
controll ed frequency. E)00119] An attenuator 342 1s integrated between

t he modul at othe 2a@ivend 1V rerveathepspme fnetiustasthaddiA 340, tpgetherp\g[g]g itheeI-
devi ce t hat 191%%[;@1? r‘tﬁ@%?ﬁfﬁ:@%l% f; O tllggelvéf% 31% 16:%30&'}(2011 signal

Figure 4 shows a™P repr esent ation o
Frequency | thEnandf $11b&iquelﬁt)y ﬁgtﬁﬁﬁmdéﬁza donivérkioh no anbfam dﬁrmephhie hand the

enbodi nent of the i nventi on ]. The D system 40

i ncl udes a R’Haﬁraﬁrgﬁg IEﬁ/@"rt"‘ ﬁ‘@@p%‘le’étélﬁio&rb'g‘feﬁﬁ‘ Eﬁ%(ﬁs‘%ﬁqﬂelﬁth’e%el
m crocontrol élﬂr%GWébn%Qﬁlantstat}@ e&m@mée&ﬁﬁ/tﬁ@m XBC L2bWeIdY) to obtain the
isolation unit 112 and the filter 110. The filter 110 is al so

connect ed wi digitigerb TiRarR334i ané|Qudptard3dai er FhPZI anth@ data eompOtERts Yrglergo
coupled to tﬂgﬁﬁgf& dEIﬁQ&Lﬂgitlo(ﬂnt Jin él%gdérﬁoduyt?ﬂfgﬂ haﬁ'gaﬁéﬁ Ql‘lléxg%glt )

126 fromthe transcei ver to sen recerved sign
Rx_in 124 t od#2328FI D tr anscei ver 400 [ 00122] The RFID transceiver
400 has a similar architecture to the RFID
[00117] The receiver 310 also sends received signal strength indicator {RSSI)
RSSI T 354i and RSSI_Q 354q data signals which provide an indication of the
strength of the received signal Rx in signal 124. The RSSI I 354i and RSSI_Q
354q data signals are used to control the receiver 310 gain via the LNA control
signal 226.

[00118] The local oscillation frequency of the RFID transceiver 300 can also be
controlled externally through an external LO 330 to a switch 348. The switch 348
sends an appropriate signal to the modulator 240 so that the transmitted signal
Tx_out data 126 is transmitting at the externally controlled frequency. Further, the
switch 348 sends another appropriate signal to the receiver 310 to down convert the

received signal Rx_in 124 at the externally controlled frequency.
[00119] An attenuator 342 is integrated between the modulator 240 and the PA

244, The attenuator 342 is a passive device that operates independently from the PA
244,
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transcei ver 300 of Figure 3, thus conmponents having |ike reference
nunerals are not further elaborated. [00123] The LNA 210 receives
the Rx in signal 124. The anplified Rx_in signal 124 will be
down-converted in the I-Mxer 212i and the Q M xer 212q, where the
phase and the Q phase data conponents fromthe Rx in signal 124 are
subsequently anplified respective anplifiers 414i and 414q and

t hen passed[#H28LgHFigureid %ews afpark lpyed a¢pressﬁta@@tpaﬁa REH3 (Rarie Freguenciye

capacitors 2 u

Coraet or o (hatlefbBE8eR, 107 AR MRSk el 1 g A 8 b Th e
t he ADCs 220invan@n220g to obtain the digitized I dat a 234| and Q dat a
234q; or undergo ASK denodul ation in the respective ASK denodul ators

2221 and 222q to obtain the denodulated |I-ch data 232i and the Qch

data 232q. @Ulhﬁpt IRl REId hﬁfsteﬁlu up2tisicldS4l a AVLT? 31?ahscfcﬁzrefn410heel@%r19aﬂya
1120 (also refer Figure 1); whi the outputs 234q and 232q formthe

Rx data Q 12¢onpegtedh Withf be lmcwp@trcvﬂer (MSO D2 494, rbe diapeditist/gpeiverstlxéigt h
di cat 4
B e R T e

realized in isoggern tulitril £2.f dThenanIEmlathSESIc&uﬁleﬂSito ﬁredl"ﬂﬁiqsqbattmdunm 112 to

respectlve SS| 3 S nals he
RSSI | 354] Ré‘?ﬂimﬂth%‘ ‘F?i“s(? 5 ﬂz‘%g& g‘ﬂ’ ﬂ?@ Fgceaye @ﬁfh

mcr ocont r ol feedivédOdgnaldrer eupPNottheR PIIEhatedavdrabber 104 wi I I change

the VGAs 218i and 218q gains to inprove the dynam c receive range.
Successi ve detection architecture is adopted for realizing the

| ogari thni ¢ o@sp| i fher ﬁFhﬁ rﬁseaoaow iR6 %!s\rﬁﬂﬁf %&‘Iﬁﬁe&ﬁrel tdTihd REID

anplifier conblned Wt wave rectifier an ow pass filter.
The limti ngtrfam;ﬂwérﬁéﬁ ofl Egugm. itlbust dognpeperes bavinghleke efexade gaimeprals are not
anplifier us GA 00125] The in-phase (1) and the
guadr at ur e- p ase ‘a conponents can also be sent, in the form
of anal og S|gnals Al 448i and A Q 448q, to the transmtter path
204. The anal o 5|grals A_l 448] and A Q 448q are ﬁent directly to
their r espe&qmg@ he LNA 2210 receives the Rx_in signal 124. The amplified Rx_if signal
124 will be down-converted in the I-Mixer 212i and the Q-Mixer 212q, where the I
phase and the Q phase data components from the Rx_in signal 124 are subsequently
amplified by respective amplifiers 414i and 414q and then passed through a filter
424. A pair of capacitors, such as the capacitors 224 of Figure 2 may be used for the
filter 424. The output from the VGA 218i and the VGA 218q are either digitized by
the ADCs 2201 and 220q to obtain the digitized I data 234i and Q data 234q; or
undergo ASK demodulation in the respective ASK demodulators 222i and 222q to
obtain the demodulated I-ch data 232i and the Q-ch data 232q. Collectively, the
outputs 2341 and 232i form the Rx_data I 120 (also refer Figure 1); while the outputs

234q and 232q form the Rx_data Q 122 (also refer Figure 1).

[00124] Received signal strength indicator (RSSI) circuits 405i and 405q detect the
strength of the signal, which is emitted from the I and the Q CSF 216i and 216q,
realized in logarithmic form. Both RSSIs 4051 and 405q produce respective RSSI 1
354i and RSSI_Q 354q data signals, where both the RSSI I 3541 and the RSSI Q
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pul se shaping filters I-PSF 238i and Q PSF 238q as Al 448i and A Q
448q are already in a formsuitable for processing by the pul se
shaping filters I-PSF 238i and Q PSF 238q. [00126] The RFID
transcei ver 400 al so includes a 0/90 signal generator 446, which
generates LO signals in O degree phase and 90 degree phase. [00127] A
digital application specific integrated circuit (ASIC) 408 provides a
moni tor and ¥vntdets signatsery sppetq e nieroRmuplier s whéroeron4bomidrecopftpllerbe

appr eci at ed I I

PP has i ho b, ERRaE AV b6 08 280 Uaind B0 iifroE I ielic TANeS
base- band ( nmhges h@unc)ess:mtletecttmnt drehiltetul2 iy advpee foerealiainghthy i logaritlineic
m crocontrol | er,,104 send co naI SP|. 118 t he ASI.C 8.
The base band™fi eaﬁﬁ &?W&?&?ﬁ Pﬁfww Ml%@@@f@% com@eédﬂﬁb%ﬁa{-e
in various wRESRcHfRrGnd 1&\9 pﬁﬁrﬁl@érmfﬁésﬁmﬁﬂé, anipRiePHedn §S§e'§§l§e as the

nmodul ation) or to debu % vari ous conponents in the RFI

transcei ver @od gajnamglj lefb-‘e‘?dafpb(ﬁe%l ated that to save povver, t he
receiver path 202 and the transmtter path 204 may each be

i ndependently switched on/off. Further to save power in the talk
node, the r ¢dR%er Tlmaimphé’sﬁza)m;d the geudritnteepghaen (@ndata mbmpoxteh’e daaglsﬂZS

starts to s nd back tter nal s 25 [ ures

Show bl ook I BERE fpF SR pER S Bels Ad gk ape m&&ﬁ%ﬁ f’q%ﬁaﬁerpath
I dentificatizd) THesheoy eigndis QUT 848, andRe 1) 4439 JRFddt aﬂ@dﬂ?% #R23 rbspestsied
under different ogperating conditions. [00129] In Fi , the RFID

system 402 i Bligsdapingdilicsnl-BH 238intdc QR Hnd38abasch L aP@)vﬂ_cQ)éf‘Sq are
trol i
DAk 530q ant Bt Rl i) 8 Ml 0 R RLSREA RO ER R DML

the RSSI ciQdSH2838405i and 405g are not used. Powering down the DACs
236g and 236i; the ADCs 220i and 220qg; and the RSSI circuits 405i
and 405q reduces the power consunmed by the RFID transceiver 400.

Further, as[@aps]dul RheiRAID tR@5dedreABOD 4lyo inbRdes a 0/90 signal generator 446, which
generates LO signals in 0 degree phase and 90 degree phase.

[00127] A digital application specific integrated circuit (ASIC) 408 provides a
monitor and control interface to the RFID transceiver 400. It will be appreciated that
the ASIC 408 is analogous to the SPI 208 of Figure 2, thus the ASIC 408 is not
further elaborated. An external base-band (not shown) controls the RFID transceiver
by having the microcontroller 104 send control signals SPI 118 to the ASIC 408,
The base band is able to control the RFID transceiver 400 to operate in various
modes (e.g.: to perform DSB-ASK, PR-ASK or SSB-ASK modulation) or to debug
the various components in the RFID transceiver 400. It will be appreciated that to
save power, the receiver path 202 and the transmitter path 204 may each be
mdependently switched on/off. Further to save power in the talk mode, the receiver
path 202 may be switched on only when the tag 228 starts to send backscatter signals
228b.
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ASK denodul ators 222, is within the RFID transceiver 400, a sinpler

m crocontroller 104, such as a 8 bit mcrocontroller. A capacitor
(not shown) may be used for the external filter 424 to achieve AC
coupling. [00130] In Figure 6, the RFID system 402 is used for

hi gh-end applications for exanple |ong range fix readers, which nmake
use of DSP for: i) base-band data processing; ii) digital filtering
at the filtHO0128]0 dligureseS tandrfs shaw ddboki lgnel| reffigsentation 6f the RFID I(R@lio

dat a generatyd on 248 q h si S ul ati,on
and phase. raoaricn BiBerbtl e By OF KL Pl DR, Bkl
modul ati on de;ﬁéﬂfﬂlﬁfenahfq:leratmgcbmﬁtmmdul ator 240; and v) noise

filtering in the LNA 210 for receiver to inprove sensitivity. The
DSP circuitry is located in the mcrocontroller 104 and base band

data procespionse]l S metdal IRdle !Rlirnb 3058 AOR GOl T -k bpbeaioBiliRich.
the RSSI CII‘CUItS 405 and 4 may be used to control

and 218qg gaiuss low costrﬁpxcmﬁenwmwnm@dw MHp géock Ardqpepieigsagderein ther
(not shown) S l e

t he exter nalﬁﬁé‘lc?gggq %@?ﬂ‘* (ﬁ ens {h%a e(;s(% aﬁ&‘?%%%(fﬁ:}l %ﬁé‘géglgi%ét}xsl
conponent s afirctiee4@@iahd I4051pa1<symt hﬁ‘ﬂl ZeivedOp doweehdf DGO @36Q and B36&) thar e
now descri be n .th adl |.oop synt hesizer 206" |11

Dual - | oop w‘ﬂ?ﬁ%??@b o Iesigite 405k Aha03 peiese seqwer

r epr esent at '&ﬂs@ﬁedtﬂiﬂch@RFhD ttr@ﬁgc%z@r A0, tEBhEIA derhPRiBh, Lpea@ﬁn@uf byfthe

RFI D transcei ver (see Figures 2-6) built in_accordance to an
enmbodi ment oASKhdempddants i23%ensi ohthiy obe 3BFIOhérawsseiver i 419, of  siwlepL L

206 is cont rxﬁih ot%g{ugdlﬁk&%' Sfich BY 24ah Inﬂf‘ ocBhiralfdlS A Q@éq&‘gg E‘(|n§9 shor e?rrf g'—

206 ensures transcei ver (see Figures

oper at e wit thesuséd foe itersxtemen Silten 444tty aehielel AC spgdingum masks conpl yi ng
with, for exanple, either the FCC (Federal Comruni cations

Comm ssion) or the ETSI (European Tel ecomruni cati ons St andards

Institute) ploas@ards Fighré e tHHEFID SRUANAY? i adRderof hizh Al Qiphli&eIOMtFort 0
about 960MHz, which is the RFID band used in nost
example long range fix readers, which make use of DSP for: i) base-band data
processing; ii) digital filtering at the filter 110 of the transmitted signal Tx_out 126;
i11) I/Q data generation 2481 and 248q for both single sideband ASK modulation and
phase-reversed ASK modulation in the modulator 240; iv) modulation depth control
in the modulator 240; and v) noise filtering in the LNA 210 for receiver to improve
sensitivity. The DSP circuitry is located in the microcontroller 104 and base band
data processing is performed in the microcontroller 104 In Figure 6, the RSSI
circuits 4051 and 405q may be used to control the VGAs 218i and 218q gains to

improve dynamic receive range. A high pass filter (not shown) or a resonant tank

circuit (not shown) may be used for the external filter 424 for dense reader mode.

[00131] The various components of the Dual-loop synthesizer 206 (see Figures 2
to 6) are now described under the heading “Dual-loop synthesizer 206”

IIT) Dual-loop synthesizer 206
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parts of the world. . The PLL 206 achi eves phase-noise with frequency
resol ution of about 50kHz for the band from about 860 MHz to about
960 MHz. [00134] The PLL synthesizer 206 uses a dual -1o00p
architecture that includes two integer-N synthesizers 704 and 706,
and one singl e-si deband (SSB) m xer 702. The synthesizer 704

i ncl udes a phase frequency detector (PFD) and charge punp 708, a
5-bit progr #8188l e Bownt7ehowd@ blogk devigl tepeseritationw af dumarehitez e ofgthe dual
prescal er-8/ t ont r.ol sc | | at (@Y 16 ,and ses
Phe-clock oi BRBITH-206 EhaER 6RRLGRY G5 Flasfh kel Mhab ab0G0eRE, 405
106 (Figure dmbaismentéflepeses inteatiahi eve | ower in-band phase-noi se.
In the enbodi nent shown in Figure 7, the crystal oscillator 106
operates at 20MHz. The out put frequency fvcol fromthe VCO 716 can

be obtai ne¢y@asf Ol’ﬂ'lﬁvlﬁ)eraftl‘dﬁ g@the H&xPe R c)oﬁt%@l'l‘éﬂzdlﬁ‘ﬁ%ﬂfyech}%% gk $h1 ARE

t he val ues of the programmabl e counter 710 and the swallow counter
712 respect i (Féguye 2)THEhef Mg 2@henpures thige thedi FIDriansgaiy on ésee Fegurea04 6} is abhﬂom

about * 2060Mee, |6, 2aH o ROV ARLIR) THe UL IR SR A5, LASLUg

a PFD and char rogra e counter
swal | ow couné;ampYaZzblthar phee FCAl ¢Feddidl 3301121216n1ca1onvat¢rage;smﬂ)1tolr Othe ETSI

oscillator (YCO2) 7 and uses a_reference

800KHz. The &é‘f‘é&%‘hig&‘foﬂ%‘aﬂ@%&?% 8@%%@5 WPF? §‘i%3‘%f‘%’6éﬂ? @%%:f%‘iq\'}é‘lfyby
di vi di ng t herande/fréfl bl SHORME: B BB 96bRATZ, RIHRIER G RFID?EaI{dSL%Qd in most
reference nunmeral 732). Simlar I%@apt he out put fre%;(Jency f 2 from

the VCO2 716vareiBe ‘Wldar ngg P34 kyjgres prhawme( frequepgy 5@8@@'@»{1@
where P2 and;32. &g, f@%ﬂ%h&iﬁﬁo Bbé{ﬂ%s@f@@i@%&ﬂ'% pter 722 and

t he swal | ow counter respec rve requency range for the
synt hesi zer 706 is from about about 2400MHz to about 2560MHz.

{/g%%%] Theggi34e LIS §)fRds BB $06Vidds RaRARI0R ardHtEc e Phat ihOuddcdwiohe
integer-N synthesizers 704 and 706, and one single-sideband (SSB) mixer 702. The
synthesizer 704 includes a phase frequency detector (PFD) and charge pump 708, a
5-bit programmable counter 710, a 4-bit swallow counter 712, a prescaler-8/9 714, a
voltage-control oscillator (VCO1) 716 and uses the clock signal 128 (compare
Figure 1) from the crystal oscillator 106 (Figure 1) as a reference, to achieve lower
in-band phase-noise. In the embodiment shown in Figure 7, the crystal oscillator

106 operates at 20MHz. The output frequency f,., from the VCO1 716 can be

obtained as follows:
Jvcor = @x B +8)x20MHz

where P1 and S1 are the values of the programmable counter 710 and the swallow
counter 712 respectively. The frequency range for the synthesizer 704 is from about
2060MHz to about 2260MHz.

[00135] The synthesizer 706 includes a PFD and charge pump 720, a 7-bit
programmable counter 722, a 5-bit swallow counter 724, a prescaler-32/33 726, a
voltage-control oscillator (VCO2) 728, and uses a reference frequency of about

800KHz. The reference frequency for the synthesizer 706 is derived by dividing the

27



728, so that the phase-noi se does not change over the frequency range
of between about 860 to about 960 MHz. [00137] The synt hesizer 704
out put signal 734 frequency is divided by 2 (at a frequency divider
718) and the synthesizer 706 output signal 736 frequency is divided
by 16 (at a frequency divider 730) before being fed to the SSB m xer
702. The frequency division provides, for the synthesizer 704, phase
noi se i npr ov&hiHiz clogk sibaalt! 28 deferorer bnas, (S@sl’efﬂ@w@/@@)llefﬁl@ﬂﬂar&melaﬂy,

tuned from apout, 2020NVHz t fre di.vi si on makes
a1 abl o o APt ERLE S Fil eECOHTe st CHAARA I Doy
1110MHz for the synthesizer 704. Slnllarly, the frequency di vi si on
provi des, for the synthesizer S P DA 0 venent of about
24dB. Further, as the VCO2 72 ”E%n e thne fromabout 2400MHz to
about 2560M-gnere PheMAHENCHe %ewfa'fae%fw%% ﬁ&ﬂdb@éoéo%ner %@%@wevant}@se

frequency of about 150MHz to about for the synthesizer 706
[00138] The ¢quet$u é%gpsmhcwdm ghe figquency wege frdhcrrynthdsios 706 ns Eomiaboati

current - nDd i real i zed using two high-speed D
flip-flops connP Eﬁgzggnﬁﬁ The frequency dividers 718 and
730 generate dlfferentlal gquadrature I and Q signals for t he

out put s 734 1ROl sHercech iahf gelrspits S/ b d‘sé{mﬂ%&?@é o eV CRa

synt hesi zer 76k iiht thephaSBndike 8os o MhiHiA e Bl TRoqBOR %an%&fi RWeden
si de- band si gnal fron1a%out 860MHz to about 960MHz mnt% requency

resol uti on ofboub¥Wito 8BPWEAE0 MHnbt ai ned, as the SSB mixer 702 is
designed to reject upper-sideband frequencies from about 1160 MHz to
about 1270 MHz. The hi gher band frequency signals can be further
suppressed 018%e rihdyathesiz&4TD4( Fitputr @gria) 734arfckqPénck4d diRrigube 220at as

boch, e OOl akel, FA%Es) NS0T 20Rets: bR A, Spbpdipent chove

960MHz. Thusditided 84itIBYAt § FeQEBBENivide? 736) efore 3Bink Sed &NEE HSBImicp vl .he

=SB The frequency division provides, for the synthesizer 704, phase noise improvement
of about 6dB. Further, as the VCO1 716 can be tuned from about 2020MHz to about
2220MHz, frequency division makes available a quadrature-phase frequency of
about 1010MHz to about 1110MHz for the synthesizer 704. Similarly, the frequency
division provides, for the synthesizer 706, phase noise improvement of about 24dB.
Further, as the VCO2 728 can be tuned from about 2400MHz to about 2560MHz,

frequency division makes available a quadrature-phase frequency of about 150MIz

to about 160MHz for the synthesizer 706.,

[00138] The frequency dividers 718 and 730 are based on conventional current-
mode logic (CML) which is realized using two high-speed D flip-flops connected
back-to-back. The frequency dividers 718 and 730 generate differential quadrature I
and Q signals for the single-sideband (SSB) mixer 702.

[00139] After mixing the divided outputs 734 and 736 (respectively from the
synthesizer 704 and the synthesizer 706) in the SSB mixer, low phase noise and a
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m xer 702 is based on the follow ng equation: { out f"01 J _ vco2 f2
16 [00140] 3-stage polyphase filters and buffers 738 provide the
filtered and buffered differential | and Qsignals, I-LO 212i, QLO
212q, |-RF 250i and |-RF 250gq, where |-RF 250i and |I-RF 250q are fed
to the nodul ator 240 (Figure 2), while I-LO 212i and Q LO 212q are
respectively fed to the |-Mxer 212i and the Q- M xer 212q. [00141] A
true singl e-lowas sidethend signgptympshove 86@YIHE/19 dbouty8eiMHep withy atfirguencer
704. The pre - i . i.vide-hy- A NCHHA0: ter
and a di vy derf o8t SEBRLEISKRle 8 oBlakieBris e $58 KE A0S U R A8 e
pr ogr ammabl euppettsitieiand igtqdendict fromnabold W oMbEzeto abdarl 23y Mie STEehighdr
prescal er-32/33,. a conventjonal 7:-bjt rogr | e count er d a
convent i onalzé%‘-ﬁbffffqug%éﬂ B cShhedpr f_r“resuggré ?g%ggﬁwﬁ%wﬁﬁﬁa??@“ﬁer@
two LC-tank MIBATIL Ay EPas7Edh thd MeRulalte FolandS et PRSI 4aChre 206 the
covers a wider bandwidth, it is desirable to use conplenentar NMOS
and PMOS t r avmbosiimeny shevn walfigure 2; waed/ootheriguensy baneé rooabortfH M. tas

const'st ent vt ofBse Bod CHlet SibiGErmanr Py BuAR 5P e e
about 860 Mg t076PRWhsedQR thd¥dfiowld '%1 tio}0l tage Controlled Gscillator
716 29 [00143] Figure 8 shows a sgh mati ¢ diagramof circuitry that

can be used to inplenent the val tagg‘- cpntgf'olied oscillator VCOL 716
(Figure 7) and the voltage- confypH edescHPator VCO2 728 (Figure 7)
both used in the PLL sythesizer 206 of2 an HFI D transceiver (see
Figures 2-6) built in accordance with an enbodi nent of the

i nvention. 4] The V 16/ 728 i ncl ydes_four transistors,, n ly

two Pros - MIAGE e hassatien i valfrserovidn Bk el e

818. Two i ndyebRnsaldQad andg41-L.O 2121, Q-LO 212q, I-RF 250i and I-RF 250q, where
I-RF 250i and I-RF 250q are fed to the modulator 240 (Figure 2), while I-L.O 212i
and Q-LO 212q are respectively fed to the I-Mixer 212i and the Q-Mixer 212q.

[00141] A true single-phase clock (TSPC) prescaler-8/9 is used for synthesizer
704. The prescaler consists of a divide-by-4/5 synchronous counter and a divide-by-2
asynchronous counter, in combination with 5-bit programmable counter and 4-bit
swallow counter. For Synthesizer-II prescaler-32/33, a conventional 7-bit

programmable counter and a conventional 5-bit swallow counter are used.

[00142] Tuming to the two LC-tank VCO1 716 and VCO2 728, since the PLL
synthesizer 206 covers a wider bandwidth, it is desirable to use complementary
NMOS and PMOS transistors to realize the VCO1 716 and the VCO2 728, so as to
get a more linear tuning curve (see Figure 9) and thus achieve consistent
performance over the operating frequency band of from about 860 MHz to about 960
MHz.

III)a) Voltage Controlled Oscillator 716
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connected in series, are further connected between the drain term nal
816D of the NMOS transistor 816 and the drain term nal 818D of the
NMOS transistor 818. The quality factor (Q value) of the inductors
802 and 804, for the enbodi nent shown in Figure 8, is about 5. The
gate term nal 816G of the NMOS transistor 816 is connected to the
drain term nal 818D of the transistor 818 while the gate term nal
8186 of thel0AR t Fagwe $t ehove18 sthemptinriegran efocirduiéryd that van denmised | to

816D of the . i A i f |
S anmor tor o° drieat IR ARELofbReg RARELETCE) B (GRS, TERBPUE voltage:
bet ween t he doasplbsi dsvidladt FC00D2 E8NFiaks7)BbbDused il th3 P2D. s3thebltdR06 of an

transi st or and PMOS transi stqQr _812.. The sanme tuneabl capacjtors
or varact or%@?ﬂa@?@é‘feré% ﬁere%geé)gwﬁt in a5ordangseritean 5 a@gﬁ‘ﬁf Prfletthe
respective dradnpfioher m nals 818D and 814D of NMOS transistor 818 and

PMOS transistor 814. Each varactor is controlled by a respective
i nput voltage signal, where input voltage signals Va, Vb, Vc and a

control vol L@?E@?Sﬁf&%%%éﬁfé ¥l fol ﬂaartélgfo?&%%élg%é’ %%itrﬁ&&or@nd

826. The in t ages Va, an dre respec
connect ed t dl2hmd\drant ows NVOS tBARistarsds 524hdvE 18. Awoiindietdre 802 And 804,

bi asi ng current urce .Ibias_.808 is connected t he respectijve
Sour colt or m oAb geriss 37 Bop PRSP OB P Ak (BT, Iee B b Lot
The source FNM(USW@&&s&l%% amith%_ldéﬁn t@hBnaAI839, 60MPANOS tHafsido B 08I MUe
potential via an external capacitor 810. [00145] To get | ow

phase- noi se, el Brtasiyaleerafdhe indpsters 383 gnd §04Hethe pmbagimenhghown in
external capggitof BLofSs5c0 RehBinGUs I &N hr QU ég} isfo0 %16
bypass fli ckeg'lr noi se. O%O [Ogﬁ% e)"gr actors CBEM, 8§§Egn 331315 are.
bi nar y- codecoanztauioahe draimbomindD818y af tettomsistoe £d 8 wWialeithe gate Zemahale
capaci t ance, . .ganel igger .val or a smaller al ue. Th nt t ol
vol tage- 806 aicais SRR e Pr T & 6T mRtoaus e Bl afietf e
chosen frequemos ramdtbr 8369Makeritl|df aQ9RSgeManabid caditdfs oR Chrad®rsilinghélg!
control voltages that change the VCO 716/ 728 bands, thereby, chan%l ng
t he VCOL 71624, 822, 820 and 826 “are connected between the respective drain terminals 810p
and 812p of NMOS transistor 816 and PMOS transistor 812. The same tuneable
capacitors or varactors 824, 822, 820 and 826 are also connected between the
respective drain terminals 818p and 814p of NMOS transistor 818 and PMOS
transistor 814. Each varactor is controlled by a respective input voltage signal,
where input voltage signals Va, Vb, Vc and a control voltage 806 respectively
control varactors 824, 822, 820 and 826. The input signal voltages Va, Vb and Vc
are respectively connected to the varactors 824, 822 and 820 via an inverter. A
biasing current source Ibias 808 is connected to the respective source terminals 812g

and 814 of the PMOS transistors 812 and 814. The source terminals 8125 and 8145

are also connected to a ground potential via an external capacitor §10.
[00145] To get low phase-noise, the biasing current Ibias 808 is about 12 mA. The

external capacitor 810 is connected to current source Ibias 808 to bypass flicker

noise.
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(Figure 7) operating band and the VCO2 728 (Figure 7) operating band.
The accunul at or-node MOS varactors 824, 822 and 820 are al so used
for frequency tuning, and allow for a tuning sensitivity of 80MHz/V
to be obtainable for VCOL 716 (Figure 7). The input voltages, Va, Vb
and Vc, in conjunction with (and explained later with reference to
Figure 9) the varactors 824, 822 and 820, allow for the VCOL 716
(Figure 7) (¢1K6le ‘éargﬁ@rSfSrZéq&%egd Baheze Pigery- qedg:lm@ugl)llanga@wdpgl\das

bei ng sel ect I t Q

Vo, Toorar) Gnia T HehBe 3R k) IbBiiie, ARes el g S
(Figure 7) toahlma\me cf)ﬁtl:tfl vbhﬁg}bss()éamhoh it emitteg feommsict PML 296 Gipht @), detsan
150 MHz/ V. CQ2 728, onI E S curvr %f sed. [ 0.1238]

Spi r al |nduc Oﬁi’gefEFqP?flc ‘Ft@%@ glrttag%f fer ‘”dia%ts"’lsdgglit gontrol
mechani sns beeiegéis SalTBhdhg6 QR VL7138 - ban'se tn\@fw Chdn¥HEOMe W@emﬂese
noise is to inprove the quality factor Q of the inductors 802 and

804 used. Andigiee Nhoperating bpechpnd gﬁ@dVﬁﬁ)&s’é-’-gnﬁilg*ée D opewtingbasé tTHe

t uni ng sensi b I

the oo 716/ bl liHeE YORNRRAINS oo Ui B0 TG LPLSCOR] BBy
VCO2 728 ( Fimuing, aid, allo‘v(C(bl da|ing agnsamleyr oft@iNHzMUta xhobbteintible fphE €01

noi se of the fromt xer 2(F| ure 7)... Thus,
Crphasi S 19 PthUREEY )T ol FIRG. Sty g Vet § v it Gogthctpn gt

[00150] Fi gug la%e‘élh@t\éﬁwlthl Béf&@n@dlb‘ﬁ@r@@)?the QBB 4, 39BandPdhd, ald for

914 and 918 or _all eight bands of an 8-band voltage controlled

oscil | ator VEeNGRbd16 (Figud) g have %lglar&%epuﬁé'rbaeé‘eeeﬁﬁweg), zag band

built in accgy e alint f J 00151] A

cor r espondi ng1 %e tkh/epgl?éﬁﬁpg%hﬁ? of tgﬁeg@cgfngﬁ% (@lagur'e 7) will

be sel ected for each respecti ve |l ogic sequence 916 for Va, Vb and Vc

For instanc cur,

Will be obt gﬁﬂngﬁh as%l?lﬁ%l‘ﬁf Sll‘,l'ei ﬁfgo 796/% allows_for ﬂw%Oﬁ L}% &Qg 7¥(ta’o ave
four bands, and a tuning sensitivity smaller than 150 MHz/V. For VCO2 728, only

2mA bias current is used.

[00148] Spiral inductors used in CMOS IC design suffer from dissipative
mechanisms beyond simple conductor loss. One way to improve the phase noise is
to improve the quality factor Q of the inductors 802 and 804 used. Another way to
obtain good phase-noise, is to reduce the tuning sensitivity, which can be done by

using multiple-bands for the VCO 716/728.

[00149] It has been found that between VCOI1 716 and VCO2 728 (Figure 7),
VCOI has a greater contribution to the phase noise of the output signal from the SSB
mixer 702 (Figure 7). Thus, emphasis is placed on reducing the tuning sensitivity of
the VCOL.

[00150] Figure 9 shows tuning curves 902, 905, 906, 908, 910, 912, 914 and 918
for all eight bands of an 8-band voltage-controlled oscillator VCO1 used in a RFID
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voltage is varied fromO to 1.8V. I11)b) Phase Frequency Detector
(PFD) and Charge Punp 708 [00152] Figure 10 shows a schematic diagram
of a charge-punp circuit 1000 of the phase frequency detector (PFD)
and charge punp 708 bl ock used in the PLL sythesizer 206 of an RFID
transcei ver (see Figures 2-6) built in accordance with an enbodi nent
of the invention., [00152{1_ The charge punp circuit 1000 includes a
plurality of ransgeis¢rs{see stiguranma-§) builr te apgomBoce aridi snosmbodinen, ofl 066
and 1010 and;fwa: PMOS transistors, 1004 and 1008. The charge punp
circuit 1000 urther includes an anplifier Al and a block 1012.

[ 00154] The source termnals of the NMOS transistors 1002, 1006 and

1010 respeGt| y are connected to_a ground patential. j asi :
current souﬁ&lﬁgﬂoi a’g “PBTROIHH BPT 8@%&?%5@%9&?5%%@%7 I?E(P%ﬁuﬁaﬂgw‘élf
the NMOS trapsicidcidStol ORR reshClfeaditc dQhbnce 9THEINV AV 410 V. NRY; iRdihet he
gate termnal of the NMOS transistor 1002 are connected. The drain

terninal s of WheeVAMSs VbrahgndVer 0 0oeuzing cote 8md] be eliained artbe oo
are connectg tag?is%ﬁiwﬁﬁ/@ﬁgl.é\?rm nal AL of the anplifier A . The
t he

drain term na transi stor 1010 is connected to the bl ock
1012. The output fromthe block 1012 is connected to the

non-invertin m nal Al + t he lifier A_ The _output term nal
of the anpli pgﬁ;l}ﬂse ?Eeqﬁ?fﬁﬁi%’f%g’r {%@dﬁfﬁge@%%% s of the PMOS
transi stors [06184] anelg@Q8 shoviea SchBinGR: difsrain Rk Shabe-Hlidp RVESH 1000 of the
transi stors 1004 and 1008 are connected to a reference potenti al.

The drain tePhassdreasency ndetestangPED) aangi chasee powp 708 blophastddn tthe Phé
bl ock 1012. T i NGl ifi
oc Snds OB of Aﬁﬁkﬁboﬁ:e{ﬁs% Iﬁe@ %!1%&52-@' bﬁﬁpﬂf%ackc%g?@? V\%@gadl

four conplenmeEntary swtches or transm ssi gates 1016,

and 1022. Eaghbadimedwi §wiiovengan.e 1016, 1018, 1020 and 1022 is a
paral l el conbination of an NMOS transistor coupled to a PMOS
transistor with the input at the gate termnal of either the NMOS or
t he [00153] The charge pump circuit 1000 includes a plurality of transistors, namely

three NMOS transistors, 1002, 1006 and 1010 and two PMOS transistors, 1004 and
1008. The charge pump circuit 1000 further includes an amplifier Al and a block
1012.

[00154] The source terminals of the NMOS transistors 1002, 1006 and 1010
respectively are connected to a ground potential, A biasing current source Ibias 1014
supplies current to the gate terminals of the NMOS transistors 1002, 1006 and 1010.
The drain terminal and the gate terminal of the NMOS transistor 1002 are connected.
The drain terminals of the NMOS transistor 1006 and the PMOS transistors 1004 are
connected to an inverting terminal Al. of the amplifier A1. The drain terminal of
the NMOS transistor 1010 is connected to the block 1012. The output from the block
1012 is connected to the non-inverting terminal A1, of the amplifier Al. The output
terminal of the amplifier Al is connected to the gate terminals of the PMOS
transistors 1004 and 1008. The source terminals of the PMOS transistors 1004 and
1008 are connected to a reference potential. The drain terminal of the PMOS

transistor 1008 is connected to the block 1012,
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PMOS transi stors being conplenentary to the input at the gate
termnal of the other transistor. Taking the transm ssion gate 1018
as an exanple, the input at the NMOS transistor is UP, while the
input at the PMOS transistor is UP. Simlarly, and taking the
transm ssion gate 1020 as an exanple, the input at the NMOS
transistor is DN, while the input at the PMOS transistor is DN.

[ 00156] Each of the transm ssion gates 1016, 1018, 1020 and 1022 has

out put - ( 101081595778 'R g0t 2AbaGo &Y el R e CRf T IR

and 1018i ofswlitokest srarmsmBsion gagat 0o, 110185, H2d and Q032.&Haeh habhdmsgomneat ed

to the drain, t MOS tra t.or. 10Q8. out put

t er i nal o068 BrlooBasp i SR YA PGPS 2 NVAGS g gpupled
input termgpal PM@%Q&anﬁEwF Wﬁhttﬁ@ﬂ@{ﬂ ﬁ&h@@atgﬁrﬁuﬂa@gﬁelt@%@};‘mﬂ or the
term nal 10180 of the transm ssion gate 1018 is connected t he

i nput t er ni AAYIORG@asisters heing qopwirspANgAy ghthegmuéatltbggateml@hpﬁﬂxe other
t erm nal t I
10201 of 1 e RrRE Suhd AT ERETA, AL Fork dha b liCul A ot SERNIOR
term nal  Agoneibtot seUBmdlilefthenphlat tHenBMOS tpantsistbd is80P o Sintiteely, and taking
transm ssi o ate 1018 and ut term.nal

{r anem o onigGrBiten G A e Gnplyt [l %ﬁ%g}?ﬁsvﬁ%émt%w Py
A2+ of the apgldthé BipuiR theTMEOBMNMASIEbNE DIer M nal . of the anplifier
A2 is connected to the output term nal A20 of the anplifier A2. The

output termnals 10200 and 10220 of the transm ssion gates 1020 and

1022 are bo@]‘ﬁl%}““%&l‘?&'fﬂ-@ E%‘[?mss a'Elestl‘é'iénlrb"l‘é 19h0 LEE 109990 b & §dt§r§e°r

1010. [00157] A current can oug t’he transm ssion gates 1016,
1018, 1020 anpht (1073 h0ﬂ181ei1®20@|ancﬂil®ﬂm)tandra, respeetlfer@nplttmwlrﬁest@@m 100

i ts 1016 020i t 1016
16261696 0450 rhO i BORgHR TPl B b ot URTRHMARLB 5B D30
and 10220 ofiotiRerd hadhSdthacot@Ntogdk eiBaid Qdr@ninal G¥8he POROS amadsidio? 2008 Mthe

33 simlarly fromthe respective outputs 10160, 10180, 10200 %nd
10220 of t hewiny drHnal siHfo pit tbe tryemission 1gte 1BIY iy Aerneersd tarthe Haput

transm ssi oneQakas)¢bei Br thOdfhsmission gate 1020. The output terminal 10180 of the

transmission gate 1018 is connected to the input terminal 1022i of the transmission

gate 1022. The output terminal 10160 of the transmission gate 1016 and the input
terminal 1020i of the transmission gate 1020 are connected to the output terminal
A20 of the amplifier A2. The output 10180 of the transmission gate 1018 and the
input terminal 1022i of the transmission gate 1022 are connected to the non-inverting
terminal A2 of the amplifier A2. The inverting terminal A2_ of the amplifier A2 is
connected to the output terminal A20 of the amplifier A2. The output terminals
10200 and 10220 of the transmission gates 1020 and 1022 are both connected to the
drain terminal of the NMOS transistor 1010. ‘

[00157] A current can flow through the transmission gates 1016, 1018, 1020 and
1022 in either direction, i.e from the respective inputs 10161, 1018i, 1020i and 1022i
of the transmission gates 1016, 1018, 1020 and 1022 to the respective outputs 10160,
10180, 10200 and 10220 of the transmission gates 1016, 1018, 1020 and 1022; and
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1020 and 1022 to the respective inputs 1016i, 1018i, 1020i and 1022i.
Dependi ng on whether there is a voltage on the gate termnals of the
transm ssion gates 1016, 1018, 1020 and 1022, the connection between
the respective inputs 1016i, 1018i, 1020i and 1022i and the
respective outputs 10160, 10180, 10200 and 10220 of the transm ssion
gates 1016, 1018, 1020 and 1022 is either | owresistance or

hi gh-resi st aniodarly rfeoam ébe irospestive ToP WP ekld 60,040 o, dY0pfand hED220 of the

transni ssi °%&%ﬁ%§ﬁﬁ%é§ 18080 81%?0 ?ﬁ}gloz%oo?f%hé & n%ﬁns%{éﬁ%te%?{%, vhbﬁ’

gat e i nput ransi s . "a co FeEn A
be input to 1026 aRMDRZ oahsiespeativgmpets 100G Bl tlmtmiang 1023i. Dejgdading on
transi stors. wever . when the gate in ut to %he NMOS, is ' 1

conpl ement ar Yo §'F is Bl tAgToR e%tett e the Bppsmdssim ggaeﬁém?a H& &by

both transi sfosn@nex er%ﬂn&ﬂo@ﬁ&w@%t%@%sﬁ%ﬁve%ipﬁlfhailowll 104, 1080 and
equally well w thout degradatl on. The use of the transm ssion gates

1016, 1018, WB20andrike wopetiveausws 1Hoedd iabl @20pindd ol rangaission
effects which gi Y%@? i[oagiggfé %?lﬁu?(;Zle%g &%érmg}’o% §es stinBA 7 115; %Ssis%én%s

I11)c) SSB MXxer asc ematic ara
the single siespebiavedy.( SEB)aperrhticelrof an® 2f disetarismidsiva datds 19y6, hH.‘ElB,zHBZO?e(hﬁ

of an RFID t scel ve ee F| ur.es cgqrdance with an
O bodi nont ol BERLH ToBYRGH RS 8 15s ik NARS irenso 530, § Eedten iy
G | bert - cel I'I'"yAERS inhhD % ﬁllaobMd;Qékransﬁ@%@t@lthEmy%ﬂnh@réffcbam {rifsteRdrs.
1102 includes a plurality of NMOS transistors 1106, 1108, 1110,

1112, 1114 dRewever ghem ihe garuiaperto AylMQS Bapat F@@Plemzmtmaf% dvill be input
t
current sourgepl ?Mdsl ?rgl%sf/&%?g'la%lﬁé%&w béah ltr3én31§t§1‘§ 16%2 ER]%%_ 1 1 ﬁ%%%%effny

1104 includes a plurali t'ransi st or
1132, 1134 asghal 1361 'Ohcql.ialiylulwllomithbmﬂe;gradauapa'ﬁhetume of 1ieABarsmdission gates

rans stors. et 1150 36224065 400Gy 86 R BBl LS oot PRk e m

an Qut + t er niigead 103§ of lagic ISBIsTh pads trafldstorkhe drai n

[MT)c) SSB Mixer 702
[00158] Figure 11 shows a schematic diagram of the single sideband (SSB} mixer
702 used in the PLL sythesizer 206 of an RFID transceiver (see Figures 2-6) built in

accordance with an embodiment of the invention.
[00159] The SSB mixer 702 includes two Gilbert-cell mixers 1102 and 1104.

[00160] The Gilbert-cell mixer 1102 includes a plurality of NMOS transistors
1106, 1108, 1110, 1112, 1114 and 1116; an inductor 1140; a capacitor 1146 and a

curent source Ib1 1118.

[00161] Similarly, the Gilbert-cell mixer 1104 includes a plurality of NMOS
transistors 1126, 1128, 1130, 1132, 1134 and 1136; an inductor 1142; a capacitor
1148 and a current source Ib2 1138.
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termnals of the transistors 1108, 1112, 1128 and 1132 are connected
together to forman Qut termnal of the SSB m xer 702. Collectively,
the Qut+ termnal and the Qut termnal formthe output 1150 of the

SSB mi xer 702, where the outputs from both the m xers 1104 and 1106
are either added or subtracted fromeach other. [00163] One term nal

of the capacitor 1146 is connected to the Qut+ termnal, while the
ot her term 162 tTHe dapasimpelsiaijte|tsangisioredt@®l 1t1d0.al ¥26f ande hEW are

voltage 1152, i r 40 is.C in rall i t he
capaci tor 115%91 J%?dnh%gérﬁ%?o f%r%negl% er r%‘i %glﬂl %gi} %fﬁﬁee §§%ar§£ﬁ‘? %? O%Alﬁglei(is}gm
connect ed t otefrhi@alOuwi the iramsiadrs MOR,| El12he 128 hrel 1132eikmi doahecadd tobeaher to

capacitor 1148 is connected.to reference vol tage 1152. The

i nduct or 11490 (B {EREHRR) Oof Hl%‘gﬁ%w@r 150 %BV%&&Q%B%FG%&%.&M the
[00164] Tur nopg tdrRida forfd the Stpue €140 & thE8'SSBLBRer TOE ARYE tHe P r8mOf
the transistors 1108 and 1110 are connected together. The source

term nal s of batlhthetpizers il $9bangd HDO@re aither addedonsubtriniedhirers saehicathes t o t he
drain termnal of the transistor 1114. The source termnals of the

transistors 1110 and 1112 are both connected to the drain term nal of
t he transi s{i63]116)neTeemimoliof ¢het edpatitval i46fis tchendetednsi the dhg, iekivnadnd

1116 are both . connected to.1 118. [ 00 . SSmlarly, ip the

G ibert - ool | HISEE SHifs i 406 SeepiitED s ORI ¢ Arlesigh yolauses
and 1_130 ar e116eNMae ikl ctbP ORL0NE Eonntbed SOPHraIR] eriheﬂc?ab&ci@_i 1148 Similarly,
transistors 1126 and 1128 are both connected to the drain term nal of

the transi st@ie termind of theccapaniior é 14%s wpprscted e therf@ut; erpispk pdile theiaher
d 1132 h i i i
an ar ehehl GORReC %ito%rolt lﬁt% 8§ dhfbdled & ﬁ‘l%%%ﬁgn\yﬂgﬁ%g?%' Hr

1136. The source termnals o e transistors are both
connect ed t ointhix2or11138 is JofHkEHl in Phmallt] vaittdthQcapaginal 1448.r om t he frequency
divider 718 (Figure 7), which have frequencies from about 1010 to
about 1110MHz, act as local oscillator input in the formof fl O,

f1_90, fl_1§d1eMd flurdh® toSthe Galbset-cdihéitdr 1905 itlghalte fefninglebof the thatikotshe

35 gate termpnals of the transistors 1106 and 1112, while the fl _90

signal is sehi08agd J 41§ are connected together. The source terminals of the transistors 106
and 1108 are both connected to the drain terminal of the transistor 1114. The source
terminals of the transistors 1110 and 1112 are both connected to the drain terminal of
the transistor 1116. The source terminals of the transistors 1114 and 1116 are both

connected to Ib1 1118.

[00165]  Similarly, in the Gilbert-cell mixer 1104, the gate terminals of the
transistors 1128 and 1130 are connected together. The source terminals of the
transistors 1126 and 1128 are both connected to the drain terminal of the transistor
1134. The source terminals of the transistors 1130 and 1132 are both connected to
the drain terminal of the transistor 1136. The source terminals of the transistors

1134 and 1136 are both connected to Ib2 1138.
[00166] The I and Q signals from the frequency divider 718 (Figure 7), which have

frequencies from about 1010 to about 1110MHz, act as local oscillator input in the
form of f1_0, f1_90, f1_180 and f1_270 signals. The f1_0 signal is sent to both the
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the gate termnals of the transistors 1128 and 1130. The fl _180
signal is sent to both the gate termnals of the transistors 1108
and 1110, while the fl 270 signal is sent to both the gate term nals
of the transistors 1126 and 1132. [00167] The other | and Q signals
fromthe frequency divider 730 (Figure 7), which have frequencies
from about 150 to about 160MHz are in the formof f2_0, f2_90, 2180
and 2270 si gatetesminfloflfl® Gansistpral 106snd éhi2, while He f@a&%mg@ﬂ si saatl to bbth

t he transishar n t.e
e nat ot el e kRSt b0, BhEAM8d el $B G pan
gate term na’che(gﬁtettbtmlﬁeﬂ:aﬂﬁths tranisistdrd 61 08\id 1 10hehilef the 217076 kighdllis gt to
sent to the g?}Ee term nal he tranS|stor 1136 Care is taken in

| ayout to re tP‘E“EFH%lS% e FrBdEon dARidds?- [ 00168] Lower

si deband si gnal s of frequency from about 860 to about 960MHz are
generated at the output 1150 of the SSB m xer 702. Suppressed

upper - si debd¥H167ki ghzel sther & and £» S@@ﬁ]é r@l@dh@freqmcmﬂmpdnr 73Re(Ragure g
to Figure 12 0 ﬁﬁbee suppressed. 12 4
by nore t hanw&%ﬁ%&{.?@ ueﬁ&%ﬁ%ﬂl ahopt ‘{Ugs %rrélge r eT‘ &Ct l|ng&r)%e g(fmt ?1f &

m xer 702 ( FigQo, 6271)80 fnO L &ID s@uﬁlt; hé‘he e Daignaloib sérh €o iclpate temmﬂrméﬂies

o conci ng.parERIAAYFry e S o e B e i o
bl ock | evel 1 emRMD atgoALNAT is k&R t@&@@afeersﬁruﬁﬁ 0P helthisistof ¢ €16/ §hilp ateh
202 of a RFID transceiver (see Figures 2-6) built in accordance to an

embodi ment  ofl_2Hesignaddesentitaglemgate termimd of e trmsistos ddBgeCapaishtalpapin
| ud t L, @9 i t trolled f
i ncl udes V\Dlai&ﬁg@r %0 %ﬁ%ﬁgﬁ%&%ﬁéﬁ?& age is controlle rom

gain control uni t age is controlled from
gain control 2 unit 1306b. The gain control units 1306a and 1306b

A5 C 405, - 5B I PR S e SR aeBr b L8 Bop ap st e ot

anot her ar chidnefitddr & @é odtput 1150 of the SSB mixer 702. Suppressed upper-sideband
signals are also generated at the output. Referring to Figure 12, the upper-sideband
signal 1202 may be suppressed 1204 by more than 35dB. Figure 12 illustrates
image rejection of the SSB mixer 702 (Figure 7).

[00169] Further detail on the other components of the RFID transceiver (see
Figures 2-6) are provided in the preceding paragraphs.

I) Receiver path 202
[00170] Figure 13A shows a block level representation of the architecture of the
receiver path 202 of a RFID transceiver (see Figures 2-6) built in accordance to an

embodiment of the present invention.

[00171]  The receiver path 202 includes two stage gain control. The first stage is

controlled from gain control 1 unit 1306a and the second stage is controlled from
gain control 2 unit 1306b. The gain control units 1306a and 1306b generate digital
control signals to VGA/Filter 214 from the digital ASIC 408.
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recei ver path 1302 of a RFID transceiver (see Figures 2-6) built in
accordance to an enbodi nent of the present invention. [00173] The

recei ver path 1302 shown in Figure 13B uses conponents, such as the
denodul at or 232i/232g and the 10-bit ADC 220i/220q and the VGA

218i /2189 shown in Figure 2, thus |ike reference nunerals are not

further elaborated. [00174] A VGA/Filter block 1350 provides about

12dB of gain through a pre anplifier 1340. The pre-anplifier 1340

| ow pass {1 AP BG4 SRy EPBaBe YR oGPl f g pRiRes 8
before tal k fetddigr paihgisal of 3FEIDArahe@biey (e Fignnal 2-6) gl g fccoridhaath an

(RSSI) «circuit 1342 nitors .for .the presence of the input signal

124. The outPHficdgnent pithe Reesent{westi9®then det er mi nes whet her t he

VGA/ Filter block 1350 gain is to be set |ower or higher. [00175]
Figure 13C shows a bl ock | evel representation of a preanplifier stage
1370 of a RED73Ir andeetogiier patbd304 thewadn Figgye bR nses comprisoisdwsh as the

Thodi . . i ) . N
o o e e REEA b ORIt b Spd W Sl 2Ad 3148
t he preanpl i dhoen isFage 21 816 like reforgaraninendls aftngtifuethd&3Gbofd@il 76] The

preanplifier stage 1370 includes a fixed gain anplifier 1372, an
adder 1374, a gmcell 1376 and capacitors 1378. The fixed gain

anplifier promvsies 2 ViGa/RiRrgabdk 1350 pRvidepubosti ARl ofl 24ntt@rough Seplehe
overall gain from48 dB to 60 dB as well as to inprove the noise
figure of tHanmfieDl1340anEeaircepplifeel 30 geebgs an inpubyignatd 324 apt endpihe

of fset, the |l e; ShN7 8, ' t aei '

om o i1t er R sighdrld o RhPhids MEDRIS (SF6RTH, BF 30 citigfy 3

f eeds back tlstenobefprattalDCLBIY fsippb] 1352t hé rackivend @l strengdubtdicattr (RE8I)DC

ts in the.i t _Sj |, 124. Th Cfilt id '
G h to"t he S dRrA RSB hainrientoRG i B bl 3% bk,
the A range.R3d1e1F40xReh gateniadPivhéthar thd 37@ARYerlBodke $3 Pnedn hagese oft a

lower or higher.

[00175] Figure 13C shows a block level representation of a preamplifier stage
1370 of a RFID transceiver (see Figures 2-6) built in accordance to an embodiment
of the present invention. It will be appreciated that the preamplifier 1340 employed
in Figure 13B, can be replaced with the preamplifier stage 1370 arrangement of
Figure 13C.

[00176] The preamplifier stage 1370 includes a fixed gain amplifier 1372, an adder
1374, a gm cell 1376 and capacitors 1378. The fixed gain amplifier provides a 12
dB gain to the input signal 124 to raise the overall gain from 48 dB to 60 dB as well
as to improve the noise figure of the RFID transceiver (see Figures 2 to 6). To
cancel DC offset, the gm cell 1376, along with the capacitors 1278, provide a gm-C
filter arrangement that acts as a simple low pass filter that feeds back the output DC
offset to the adder 1374 to subtract the DC components in the input signal 124. The

gm-C filter provides high gain to the cancellation loop while consuming a small
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differential pair arrangenent w th di ode connected | oads, as shown in
Figure 8. 1)a) Receiver path front end [00177] Figure 14 shows a

bl ock I evel representation of the architecture of a receiver path
front-end 1400 of a RFID transceiver (see Figures 2-6) built in
accordance to an enbodi rent of the present invention. [00178] The
signals I-LO 230i and Q LO 230qg, which are both fromthe PLL 206
(Figure 2), ¢qursstinfhonghangs. ThBdtxed gainsomlifisntf7a npryBuef designadibasgd on a

Sent o t e digeRs pa 3RatR R ARoR; Larp R CREPT BRSS! © o
the Q M xer 212q outputs are coupled to I-IF anplifier 1414i and a

QIF amplifi 1414 puts respectively. The receiver path
front-end 14 IS@Raﬁc?Belpr"?gﬂg%@‘g bias circuit 1402. [00179] The bias

circuit 140poayAVvi dgsyré 1QU£Ho%ta bRk l'e§e1 I%]%%nidtﬂaﬂaéf the RlERkMteLof a
t enperature (PTAT) current and bias voltages to the receiver path

front-end 141@9?1"61‘1]??@1 Ifenpand drO@toft - REGDt parscyvernt (hee gaswpy 8-0h kbl sinj s
desi gned to # ordh 8RS an %;Jéﬁ’cb Hx:t of AL S 15 G4l and the QIF

anplifier g act as ers ose out uts are ac- coupled to
the i nputs of t he I-Arrp 2141 (Fi gure 2) and the QArrp 214q (Figure

wher e nbodi ent.i on he | - 214i
Che o A 2000 P8l IRE AR 1 i Proi e bt bacubicharr bt BRape pbE Ho
achi eve a |igtfke Dehak %bagmmﬁpnﬁfféﬂ MO4andfa @fﬂutfﬁf 14RRedRaMe] Iyt Biskem
and tal k-nbde sensitivity of better than about -85dBm a +12

swi t chabl e aht dpaasteapls 1dd6 238 wddHLEL 3 Yeedrs senttp gha Nefizer @121 ang) thy Q-NA
210 [00181] Iﬁﬁx@i"@?%céSTﬁ(g?M){% ?%E'g;ﬁ“ﬂle ?%&Qf qugé dgmsa% gg]eﬁ Q1P

RFI D transceilver I gures bui In acc nce
enbodi nent cfmplifer péteSend a Q{Iﬁempliﬁcr 14489 [111‘;&1158123]speﬁsv¢mnﬂ'ﬂle nedtivab path,

the LNA 210 ﬁc%rt]-eg&) ﬂ(ﬁ)ta?sol urlclgdfbsl 1as Exi}cxr}lt 6’29 or

[00179] The bias circuit 1402 provides a current that is proportional to absolute
temperature (PTAT) current and bias voltages to the receiver path front-end 1400.
The IF buffer at the output of the passive mixers is designed to be linear. The I-IF
amplifier 1414i and the Q-IF amplifier 1414q act as IF buffers whose outputs are ac-
coupled to the inputs of the I-Amp 214i (Figure 2) and the Q-Amp 214q (Figure 2),
where in this embodiment of the invention, the I-Amp 2141 and the Q-Amp 214q
both have a gain of about 12db each.

[00180] To achieve a listen-before-talk sensitivity of better than about -96dBm and
talk-mode sensitivity of better than about -85dBm, a +12dB switchable attenuator
806 is provided before the LNA 210.

Da)i) LNA 210
{00181] Figure 15 shows a schematic diagram of the LNA 210 of a RFID
transceiver (see Figures 2-6) built in accordance to an embodiment of the present

invention.
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| ow gai n node depending on the different operation nodes of the RFID
transcei ver 200. [00183] The LNA 210 has two stages. The first stage
210a (al so see Figure 8) is a gain stage which uses single-ended
cascode topol ogy, while the second stage 210b (also see Figure 8) is
an active single-to-differential (S-to-D) stage which does not
provi de any gain, but provides differential outputs 1502 which are
fed to the double- balanced | and Q channel passive mxers 212i and

212q (Fi gur e a_ qof .the.LNA

achi eves goﬁ%ﬁhaoléﬁf EH%@EQ%bee]Jfﬁ?%@§%9§%§%91n9Inq%%ﬂnH?H@%pa

i nput i npedalowegairainotié depehding ®h\ﬂe&jd1ﬂbfeﬁugﬂ$br5thﬁ hisdRs @f tHerRIFICK fratBceiver
degeneration jn series with the source term nal 1504s of MOSFET

(Met al oxi de*®seni conduct or Fiel d Eff ect Transi stor) 1504; inductors
Lgl and Lg2 in series with the gate 1504g; and a | pF capacitor C3
bet ween the gate 15049 and the source 1504s. The inductance required
at the i nput00d83Jt héfh@gé\b‘baéO basdwe spron The Gsotage24 Ari(alsomer Elgurss) is a

(211229 DY RO OSHESUR e Gt SRD LSRR

desi gned w t(alsued Yigge 8), is ian skeadsinglé- t(ﬁdiffemmsiﬁb(rsqmm)gaage, whioh kleepndthe

overall noise fiqgure of .the L Fli d a t he
noi 6. 11 gur STBHIERTGEn AT oo T PiroBMAES St ais LR doiole.
flicker noi SQanP@BBANE) BhahBEIDadi € HeR 101 ardda24 (ka%x@ 13) dslRF iraeh. tine

Q M xer 212 instead of active mxers. Conpared with active mxers,

passi ve mi xelirst Hage £ha of flag LNA 1hechiqvey goedonselatien betweerpewtaut kg and
occupy a S”Bihé]lﬁrlfsﬁ‘beél“he ; 133 ah @ EStch) %mxﬁemp&@%gy{mm%we

representatio the structure and con |gurat|on
(Figure 2) idegédeeatiogcieiseges pathh@ 8@ur¢d-iqmimal 2504f ofaMOFED (MetalsOgideer

br asent i nvatTighoTy PRI ARRRED b0 Bt PRI e iries witpne

defaul t | ogithie Igetéel5048 alDEepFtdapaditdA C3 between the gate 1504g and the source

1504s. The inductance required at the input of the cascode stage 210a is about 24nH,
which is realized by putting two inductors Lgl and Lg2, each rated about 12nH, in

series,

[00184] The single-to-differential stage 210b is designed with unity gain, instead
of a transformer gain, to keep the overall noise figure of the LNA 210 low. Flicker
noise dominates the noise figure of direct-conversion receivers. To minimize such
flicker noise, passive mixers are used for the I-Mixer 2121 and the Q-Mixer 212q,
instead of active mixers. Compared with active mixers, passive mixers achieve

better linearity, consume less power and occupy a smaller area.

[00185] Figure 16 shows a block level representation of the structure and
configuration of the LNA 210 (Figure 2) in the receiver path 202 (Figure 2) of a
RFID transceiver (see Figures 2-6) built in accordance to an embodiment of the

present invention.
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210 operates to provide a high gain in the listen node. Wen the
switch changes to logic level "1', the LNA 210 will operate in talk
node and provide a low gain. l)a)ii) I-Mxer and QM xer [00187]
Figure 17 shows a schenmatic di agram of a down-conversion m xer 1700,
whi ch can be used to realize the I-Mxer 212i and the QM xer 212qg of

a RFID transceiver (see Figures 2-6) built in accordance to an
enbodi ment H0186le pdiiggend alsp plrshieteothat, jrote 88faull ngiclevwel ‘@onvéds; tiediNA
m xer 1700 ingl udes f.our R transi.stor,s, 1702 704, 17 nd 1708;
Thd n oapact 15 otates 1@ BhaylATMER BRR S I Bk Béte, Wfeng ich By
1702 and 1708gianevetannke LB 2 li0ogititoperatetia tak ModPaldepovidak lowgiihe t he
source termnals of the transistors 1704 and 1706 are connected
together to a RF Mtermnal. The drain termnals of the transistors

1708 and 1708.)fy EMiRRRRE LEWhitpget her to a BB P terminal, while the
drain termnals of the transistors 1702 and 1704 are connect ed

t oget her tolMI1BH Migureddishews a Themetip duigtant oG dpwnomveeseretiiretliedn

the BB _P ang,: - r . pal T, te. [ ernmnahs. e
transi stors r\%‘%g,%mf%f%}l%gag%dmfﬁ%ﬁae? 21%0%’11}%16C eerlg'ﬁlf‘ g,f %fe%#gngllﬁgnao
M LO P, LO tPinatuivdr @d¥l Figapecta)\bally in RicofdaadedtoRin &hboddmentngfuhe present
termnals, while BB P and BB _M are base band output signals. 1)b)
Channel Sel &Vt er And Variable Gain Anplifier (VGA) 1)b)i)
Channel Select Filter (CSF) 216i/216q [00190] Figure 18A shows a

bl ock | evel representation of the channel select filter (CSF)

F
216i / 216q of0033%F| Therdomsicennypion seizerr] WlrineludesgpupMQS fransigiersriddhce

to an enbodjsgn f th L: tion. Figure 18B shows
frequency ch%ﬁg’cﬁgr%imsl{lilg%g?%ﬁég 3&?%?}'21&/21%. 40 [00191] From

Figure 18B, it will be observed that the pass-band frequency 1802 of
Ethng F %ﬁgt(ﬁﬁ%ﬁq iﬁlet é,(l)r]}%tél t%n;[li?lalts)eofa R{%utg'an%lzs%lésl_%'?(% a}l(? 1988 aatl)'g L(I:E)nnected
together to a RF_P terminal, while the source terminals of the transistors 1704 and
1706 are connected together to a RF M terminal. The drain terminals of the
transistors 1708 and 1706 are connected together to a BB_P terminal, while the drain
terminals of the transistors 1702 and 1704 are connected together to a BB M
terminal. The capacitor CL is connected between the BB_P and the BB_M terminal.
The gate terminals of the four transistors 1702, 1704, 1706 and 1708 are connected
to terminals LO M, LO P, LO P and LO_M respectively. RF P and RF M are

input terminals, while BB P and BB M are base band output signals.

Db) Channel Select Filter And Variable Gain Amplifier (VGA)

I)b)i) Channel Select Filter (CSF) 216i/216q
[00190] Figure 18A shows a block level representation of the channel select filter
(CSF) 216i/216q of a RFID transceiver (see Figures 2-6) built in accordance to an
embodiment of the present invention. Figure 18B shows frequency characteristics of

the CSF 216i/216q.

40



operating frequency of the CSF 216i/216q. A filter select signal
1806, operating in line with table 1804, determ nes which pass-band
frequency 1802 is selected. At select "0', the filter select signal
1806 configures the CSF 216i/216g to work in the |isten node and at
the frequency 320kHz; while at select "1', the filter select signal
1806 configures the CSF 216i/216q to work in the |isten node and at

t he frequent80198204pm Kguog 888, irvdlbeobservedihaitha passthend fiequedtnbi@miof
t he channel I i: . [ 6¢h it he, recaj ver

(Figure 2) HEE? @’)?trl &, ésg@@el? t‘? ;E’ge"{bﬁﬁtggzrdé@zz&eﬁ) B¢ o 1;@}%2 e
accor dance wylehatiap feqixady o€ rite ©FF 2 /2t 6y e At filom sele@Gif3] 18006, ofpdrating in

| ess sensitivity.to.the_ inherent variations in.the I.C
fabrication lgﬂeo%&]i Gl _E%d“@gﬁtCET@FS/ Hhish Ress B dﬁ?@%&ﬁ%@& sPiget-adder
f I lter archielegctonr e ‘ﬁ'ltﬁlhsei?é%_t 5iBhA AR0E @énf%@%%@msp%sm% 18 W il the
Fig. 19. [00194] The CSF 216i / 16qg includes three first anplifier

bl ocks 1902alistenomods andqet tholyequengyoddOkElacwhide atngslact | lérthe figferkselero gignal

19045, 19040, 3 480 20y M 20690 905 1908 A9ALBN A HeRucncy

Using the first a ock 2a as an , eac I r'st
anplifier blikHe1902a, 1902b and 1902c) includes a first anplifier
1922; resistors 1914r, 1916r, 1918rl, 1918r2, 1920r1 and 1920r2; and
capacitors 1914c and 1916c. The resistor 1914r and the capacitor

1914c are cpggt eCigite PQrsBbveh schehsRedadrie dfafiathiRelosd Ry Filtte(C8m)al
of the first anplifier 1922 and the_non-_i1nverting input of the first

anpl i fier 1999V2k4gdn thesieerivir Peth20P (Bigara Pt e AaLitiasicelvenEee Mighkes 2-6)
connect ed IQ?B§ﬁﬁk%§gm§%ﬁM?ﬁB‘%ﬂ%dggﬁhBf%ﬁhg%ﬁ@ term nal of the

first anplifirer 1 e 1nverting input of the first anplifier
1922. One end of the resistors 1918r1 and 1918r2 is each connected

in parall el he -.hon-inverting.input ,of. the first anplifi ,
whi e the. oleBoden 7% Porite R sBinsPe o ol inhdlfy WlioR T bhe Elyds 16
connect ed t ofabliidatieh Gitbeckgr ik NASE , 21852 BIa0 W al DPFi didigRedl Ysin laliden filhe

CSF 216i/216q. For exanple, the other end of the resistor 1918rl is
connect ed t cflraﬁtéctumwnh an integrator based approach as shown in Fig. 19.

[00194] The CSF 216i/216q includes three first amplifier blocks 1902a, 1902b and
1902¢; four second amplifier blocks 1904a, 1904b, 1904c and 1904d; and switches
1906, 1908, 1910 and 1912. Using the first amplifier block 1902a as and example,
each first amplifier block (1902a, 1902b and 1902c) includes a first amplifier 1922;
resistors 1914r, 1916r, 1918rl, 1918r2, 1920r1 and 1920r2; and capacitors 1914c
and 1916c. The resistor 1914r and the capacitor 1914c are connected in parallel
between the negative output terminal of the first amplifier 1922 and the non-
inverting input of the first amplifier 1922. The resistor 1916r and the capacitor
1916¢ are connected in parallel between the positive output terminal of the first
amplifier 1922 and the inverting input of the first amplifier 1922. One end of the
resistors 1918r1 and 1918r2 is each connected in parallel to the non-inverting input
of the first amplifier 1922, while the other end of the resistors 1918r1 and 191812 is
cach connected to different terminals, as shown in Figure 19, within the CSF

216i/216q. For example, the other end of the resistor 1918rl is connected to the
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IN P termnal, while the other end of the resistor 1918r2 is
connected to the negative output termnal of the second anplifier of
the second anplifier block 1904a and the inverting input of the
second anplifier of the second anplifier block 1904b via a
respective resistor. One end of the resistors 1920r1 and 1920r2 is
each connected in parallel to the non-inverting input of the first
anplifier 1929 P twmiihd, whide the lother etiofdhe resibtor | @62 tsamosneb@@0e thearegative

1920r2 is eac nnected .t o _differ term nal s as..sh i Fi e
To- wi thi ¢ AP ERRRSELSf Bl By bFOE|OT pBIRECHRA, Dogh el
of the fir shvatipg iidpuebf #R2stcaicanplifieafabe txofd hinplifat blbelr MP0Ud! Ha aas
shown in Figure 19, wthin the CﬁF 2;L6i/216q]é [001951 Using the .
second anpl i FPRSFUH TERMOL oS ek oking rsieih ! LTk aichl Llroi gachyshgnrHedein
bl ock  ( 19048y, 4Pthe h8RHEveRDE iR hd A Mﬂ@?ﬁe@ 198£ Q1eAAPbinES &ld of
1932; resistors 1928r1, 1928r2, 1930r1 and 1930r2; 'and capacitors
1924 and 192e repiitors ¢330at and i 9208214 dagh ewmaded walifferepaierninels ap shoxaein

t he negati veg. t t } cond..ampl Lfier 1932 and t

non- 1 noer ¢ noiter Wi e sl Sy T B Y et Ralils b 6
i S connect edfiisn applifdr] BI22 bt weertectedeto pdifferentv@rminkRUbs tifowd iaFigafe t9e
second anplifjer 19 e inverting input of the second anplifier
1932. ne enWthIBFhet(ﬁéF fgllzig‘br s 1928rl and 1928r2 is each connect ed
in parallel to the non-inverting input of the second anplifier 1932,
while the other end of the resistors 1928r1 and 1928r2 is each
connect ed t PUIPFK erlésing ther secord emphBershlodh 1PPrarpsgande eaampley ¢agh egand
CSF 216i /216 es] j
connected to Iﬁgg; B%[ﬁt [ \an,t I?P?nb’gltgpgé?ﬁ] ﬁgeo‘a P% %‘s désrr%%el%k)ﬁ%e?rﬁ@éggfjl%ﬁ
whi | e t he otiesistosniP28f1, t1B2812e$9¥rband 19382 ;2andscapanitoect ¥d 4nd 19436. The

iti t put .terpinal of : | fi f th
ool i 1 or bl BRRetpE T Rrrdpsried UGBS MR e e e L FEERE of
of the firstsecaiiinglifier 1992061 HObADInVérin@inp@SITeEd de¥énd 88119320 e

end of the resistors 1932r1 and 1932r2 is each connected in_ parall el
to the non-iG#asitor A§2G iprennested mepasalleh Retweaihiiei Roskive Pyt teppinag of the
ot her end ofg.L 168t P53 L :

di fferent tesrem(;]ﬁan‘gp,<i asp%homn%l%{l ‘Ié‘l%gg% %l%%(?f%\}m@%eﬁ?ﬁp%}%gﬁ%ggg?ﬁglm)ezefgq.
The of the resistors 1928r1 and 192812 is each connected in parallel to the non-inverting

input of the second amplifier 1932, while the other end of the resistors 1928r1 and
192812 is each connected to different terminals, as shown in Figure 19, within the
CSF 216i/216q. For example, the other end of the resistor 1928r1 is connected to the
positive terminal of the first amplifier 1922, while the other end of the resistor
192812 is connected to the positive output terminal of the second amplifier of the
second amplifier block 1904b and the inverting input of the first amplifier of the first
amplifier block 1902b via a respective resistor. One end of the resistors 1932r1 and
1932r2 is each connected in parallel to the non-inverting input of the second
amplifier 1932, while the other end of the resistors 1932r1 and 1932r2 are connected
to different terminals, as shown in Figure 19, within the CSF 216i/216q. The
positive and the negative outputs of the second amplifier 1932 are connected to

different terminals, as shown in Figure 19, within the CSF 216i/216q.
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positive and the negative outputs of the second anplifier 1932 are
connected to different termnals, as shown in Figure 19, within the
CSF 216i/216qg. 42 [00196] The output of the first anplifier block
1902a is connected to the input of the second anplifier block 1904a,
while the input of the first anplifier block 1902a is connected to
both the output of the second anplifier block 1904a and the input of
t he second H}ﬂﬂﬂﬂfi érhetyiutpeik of @ 4bst aﬂihléiﬁenplsvpkd%itaﬁe cgmeoied taths inputet

ol ock 1002 aa-PhE SpERRRTRA il DB enbr e TroeahBlin Bt on.

i nput hof t heis sgﬁmﬁﬁd &li’r‘pd)mfth@?utpﬁwltﬁle]&&ﬂﬂ anSplfﬂ'ieﬁ Blocllc oml?acahedhd mp?]thﬁ
switch 1912 and t ouf put of the fj anp ier ock.1902b. The
input of th tﬁ? F?Cé’flg AW f 147 Blpckpt 98¢ 1" @Bﬂﬁ t ?%O%fgﬁﬁlé‘e:féfé glt%a is

switch 1910, alw"&clnﬁect&f'ﬁ) ﬂib”ixgﬁ'ltt oPthel st aﬁ‘ﬁiﬂ%@ b%ﬁllgmtﬁﬁndbdhg%ﬁtpjagggﬁle' S

connected to the switch [ 00197] e out put of first

anmpl i fier blsgetndigadifie hloeloh?{&bt dbe mput plethe psond @iﬁpllﬁdiiélos:édﬁ%b is also
anplifier blg u rst I

1002c 15 conmtetatiohe MerCishaBet R 4l oL IS Ao PPbloty FooaB. o5
1904d, the iinputtofake ﬁfse amgﬁﬁanﬂoc&nmomﬁ lisealsdtamlectdd e saitdh 119150 sutiiec h

1906. The |n ut of t secon i fli .ock 1904d j s aI

connected to FH% E'ilﬁf I%PA%NP CIE)EgEoﬁgt‘S enneqied todhc, alr?ﬂﬁl fier
bl ock 1904c. The input of the second anplifier block 1904c is also
connected to the switch 1912 and t he out BUt of the bl ock second

amplifier 1494871 [Td@pgaﬂjut hehedubtamplidigr blopk 1862 in somsrted 1oithepinge ofr e
chosen to i r f i i

passband ri 3%% g&gﬁ% m?lghpr ovi %J]ef%‘; e‘ﬁiggett%h pﬂg& ithggi régea h?l glgblgg(erl %(%Qicng
frequenci es.is Thenwoteden thé onipat bi Itheessecéiﬁl:aﬂﬂxﬁﬁérmlﬁq( telad, shei inpht of the

bet ween fourth arder,. r nd s nth order
O P O I o L ot S LS e s i ot
(TM and i Setn@_,ﬂrﬁeb@fdék qgoncah§<a16¢ Binebied @ RsHfedhi MahYand the oelt of the
2161/ 216q topol ogy is. ful differential for good Ilnearlt% and for

good power sﬁﬁmd;ﬂmmiﬁéb?l%lﬁ 19q4)3b)T?1P yopat pithe secapd amplidiaribiqek 19p4r3ayplso
connected to the switch 1912 and the output of the block second amplifier 1904d.

[00198] The pole locations of the CSF 216i/216q are chosen to implement a
Chebyshev transfer function with 0.5 dB passband ripple and to provide attenuation
at the selected operating frequencies. The order of the filter CSF 216i/216q can
switch between fourth order for 1.53 MHz cutoff frequency and seventh order for
331 kHz cutoff frequency. This serves to adapt to the talk mode (TM) and listen-
before- talk (LBT) mode respectively. The CSF 216i/216q topology is fully

differential for good linearity and for good power supply rejection.

Db)ii)Variable Gain Amplifier (VGA)
[00199] Figure 20 shows a block level representation of the variable gain amplifier
(VGA) 2181/218q in the receiver path 202 (Figure 2) of a RFID transceiver (see

Figures 2-6) built in accordance with an embodiment of the invention.
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[00199] Figure 20 shows a block level representation of the variable
gain anplifier (VGA) 218i/218q in the receiver path 202 (Figure 2)
of a RFID transceiver (see Figures 2-6) built in accordance with an
enbodi ment of the invention. 43 [00200] The VGA 218i/218q provides
gain varying fromOdB to 48dB in 1dB gain step intervals. The VGA
218i/218g has a coarse gain stage 2006, which is controlled by a
coar se gai n[0820f]r olThs iV§raR18i(028q ardides ghineagangiren g8 128888 imhdR paii s

control |l ed .a, _fine.gai I i gnal 2004. . For anpl,e, at

oo & s eqertieh Bisglie R yRyA 18T Aa RS Bk it a8 2008 SRl e

]E)r ovide a gdym @j%(r)sg(é@m c?(dlﬂirblesi@_iaéambz)@idpa ﬁﬁﬂglﬁlggﬁgfggl?é ]\j&?ﬁcll_i'igeaﬂtroélifﬂle
I ne galn St age 0 W proviae a_galn o | ure“ »

shows a scheier §ie SR EeRY 8ﬁn%1r¥80<%fa'ﬁ?ra%a@9%aﬁtrﬁ lostsi seavape 2¢ lg’@i) 0017,

218i/218q i nut bsirde &l Yk 2086 Grﬂl?ﬁ%vfdg'a%'dfn fRUBOfhide 8010k AR & 2085
(see Figures 2-6) built in accordance W th an enbodi nent of the
i nvention. [G02QD] hgiiae goinstge gadwiktmgedoagencodhdBsts of five fixed
gain anplifiers 2102a, 2102b, 2102c, 2102d and 2102e, each of them
havi ng a respective switch 2104a, 2104b, 2104c, 2104d and 2104e.

[ 00203] Thel0pol gFigurs 2agshoRQ08 stlseniatial dizgambyf die sumbid igein 2ddldier

"oepott 1 vel (Db by e G minad? GrietRe) it RIS drapseper e

the non-i nvefifiBe bRk it fcBidafde With ih@nsiRhédi 0@ the itkhdeon. AnOt her
vari abl e resistor 2114b i s connected between the OQUT -P term nal of

the anplifier 2112 and the inverting input termnal of the anplifier
2112. By controlling the ratio of the feedback resistors 2114a and
2114b via the fine gain control signal 2004 (see Figure 20), the

gai n can be[6a292]st Htlc icnardc Baistsepe @006 consdukBof fied fixedagae ampliftass @102, |

(not shown) dder_circuit,. (not shown) are used gs the
{oadback o, g 036 Alba b dubae o N B B 3RPe et iEh 219464
i's connect ed ol 2 e, Dodidadendadg i nput termnal of the anplifier
2112, while the other end of the resistor 2116a is coupled to an I NP

termnal. One end of a resistor
[00203] The fine gain stage 2008 is realized by an amplifier 2112 employing

variable resistor 2114a feedback configuration respectively between the OUT_N
terminal of the amplifier 2112 and the non-inverting input terminal of the amplifier
2112. Another variable resistor 2114b is connected between the OUT P terminal of
the amplifier 2112 and the inverting input terminal of the amplifier 2112. By
controlling the ratio of the feedback resistors 2114a and 2114b via the fine gain
control signal 2004 (see Figure 20), the gain can be adjusted in 1dB step over a 8dB
gain range. A Gm-C cell (not shown) and an adder circuit (not shown) are used as
the feedback circuit to cancel the DC offset. One end of a resistor 2116a is
connected to the non-inverting input terminal of the amplifier 2112, while the other
end of the resistor 2116a is coupled to an IN_P terminal. One end of a resistor
2116b is connected to the inverting input terminal of the amplifier 2112, while the

other end of the resistor 2116b is coupled to an IN_N terminal.
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2116b is connected to the inverting input termnal of the anplifier
2112, while the other end of the resistor 2116b is coupled to an IN
N termnal. 44 [00204] The INP term nal of the VGA 218i/218q
coincides with the non-inverting input of the anplifier 2102a, while
the input IN N termnal of the VGA 218i 1218q coincides with the
inverting input of the anplifier 2102a. The INP termnal is also
coupl ed to {H304UT The INeP mdirmadal off the W& ACSRi218 ¢diddes(vAihgthe sort-Biverting

the oo 2161 Mol rrgarie 7o SRt RProR N Remi of e Fihars Bk

coupl ed to tdoencidegadithBe Divbiink ni;ﬁﬂt Bf ﬂl@laﬁlpﬁﬁett m)za anrﬂé INI IIEfeﬁnﬁllﬁZ also

2102b, 2102c, 2102d .and 2102e, he cou Ied to
the positi vesoynlep e tl%ee@wn%ﬁwal pﬁ@eafﬁ%ﬁ 2%@1@1@1 Q‘wga 19)31*62%9 the

2102d and Z%Q&QnaITE‘%lsﬂ%gﬂ?}héd’ & QY N /AR Bk ésﬁleadm'lbégfg%ugg]@)?a

is connected to the non-inverting imput of the amplifier
whi | e the pdsiadditen thepiN_Pt erminalals coppletife tharpegative pu@u0 Zamisls of the

connect ed to t in ti i er 2b 00205

W e appranuiaiek i 3ed 2 C 71578 STE50o% vulo I Iy 4V OEURA

in ?_ f$I m | atoupleg b ahie pssitiesvotiipat &lmiﬂaLQ ef tlﬁlﬁﬁ}ﬂlﬂfﬁs Qmadeolzlmem Ee
anplifier exception that the output.terni nals of the
anpl i fier ﬁ?dégﬂ e@c‘(mat Biaflewé(e opipuehsERinglrtdly sraplifier gA@2a is sontssied
The gain of 4hRg 6ARKLS&HARIDPELAHE aﬁﬁaﬁﬁelcmzpewmu HS beguwmﬁfa&nanﬁﬁal
8dB, over a 40dB gain range, by the coarse gain control signal 2002

cl osi ng the dfdld & ifies i Qe heeonpg@ahto tlzqmmmgmnt:qfthq@nnllfém@lQatMe,
whereby the output fromthe selected anplifiers 2102a, 2102b, 2102c,
2102d and 2102e are sent to the fine gain stage 2008 for further
anpl i cat i on[00R265]nedestklar apprdcHEA0hit tﬁhmnf)iiﬁ(ﬁmlzmbrto ammei efria eissadeiiGRa,

2102b, 2102c, 2102d,. 2102e and 21 each
coupl ed pai r™ ?raﬁgﬂ%ﬁi ?‘ﬁotge QWB%‘F aﬁéﬁ I%C‘EFF?%Q W‘@b élb‘u e|r§§82b
(not shown) .with the AR MRA WhebiRPputdéininals of the amplifier 21025 terminate at the

respective switch 2104e.

[00206] The gain of the coarse gain stage 2006 can be adjusted in steps of 8dB,
over a 40dB gain range, by the coarse gain control signal 2002 closing the desired
switches 2104a, 2104b, 2104c, 2104d and 2104e, whereby the output from the
selected amplifiers 2102a, 2102b, 2102c, 2102d and 2102e are sent to the fine gain
stage 2008 for further amplication, if necesssary.

[00207] The fixed gain amplifiers 2102a, 2102b, 2102¢c, 2102d, 2102¢ and 2112
may each be a simple source coupled pair arrangement (not shown) with a diode

connected load (not shown).

I)¢) ASK Demodulator 222
[00208] The ASK modulated signal when directly down converted to Zero
JF(which means LO signal is at the same frequency of the RF carrier) will be a

square wave irrespective of the modulation depth. The amplitude of the square
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[ 00208] The ASK nodul ated signal when directly down converted to Zero
| F(whi ch neans LO signal is at the sane frequency of the RF carrier)
will be a square wave irrespective of the nodul ati on depth. The
anplitude of the square 45 waveform depends on the nodul ati on dept h.
Since the nodul ati on depth can vary from 10%to 100% the anplitude
for which the denodul ator has to work varies fromO0.05 V(p-p) to 2 V
(p-p). Hencewafdringdepsndsnap tbompaimbﬁtlon deptbt SSimgwthy nicdulatien derftiycan vary

denodul ati ng.th S, t 2
e ont o p ool THRK, Mol xER e difiodinol BRI BHO ark
2201 / 220q [ 0B 9]05TVig-phQo iV @Pﬁ&ieﬂé’é}la/lﬁ@ﬂﬂvmg Coippgetol (v@ehown) is used
architecture ain anal ogue t.o  di conversi.on f
around | ovlo*i“ FlFl}m‘%rl%?H’é £ Ak aﬁ%ﬁlaﬁé@w& & Ufsﬁa‘bﬁé & RFe _atferp@%% is
238i / 2389 w&i%%ﬁledﬁb%ﬁ@fr@% DIOVG 0@ U pCkhAyel representation of the
pul se-shaping filter (PSF) 238i/238qg in Fhe transmtter path 204

(Figure 2) of a RFID transcel ver (see Figures 2-6) built in

accor dance V\fg%)h%ﬁa 5 nt of the invention. [00211] The PSF
238i/238q in es an |np | evel shifter 2202 which receives an

i nput si gna[o0zb®ich The &dvbitt ADChY2200220¢E sipe pipevitneDAGshiR3hiresated oBAGQ a
(see Figure 2 The .i.nput | evel shifter %&(g)lz is coupled to a second
order Chebys ngB?E’nglf% reversiosrgle of graupd, I9MPS n t yurn coupled to

anot her second order Chebyshev stage filter 2206. The another second
order Chebyshev stage filter 2206 is coupled to a first order
Butterworth Iél’érg@smlrtpltmh%@os Finally, an output level shifter 2210

is coupled t19u§eh§11 ﬁlttergg%rzﬁ ﬁatgarwort h stage filter 2208 where

t he out put Ievel put sent to the nodul ator 240
(see Figur e[(ﬂ))!lﬂinptmgur{a aazahaws Ri lgwleleﬂaﬁrepﬂemtmnbjfdhk phlserehaping filter

G S TS TR NS TR

Figures 2-6) built in accordance with an embodiment of the invention.

[00211] The PSF 238i/238q includes an input level shifter 2202 which receives an
input signal which is emitted by the respective DACs 236i and 236q (see Figure 2).
The input level shifter 2202 is coupled to a second order Chebyshev stage filter
2204, which is in turn coupled to another second order Chebyshev stage filter 2206.
The another second order Chebyshev stage filter 2206 is coupled to a first order
Butterworth stage filter 2208. Finally, an output level shifter 2210 is coupled to the
first order Butterworth stage filter 2208 where the output level shifter 2210 output is

sent to the modulator 240 (see Figure 2) input.

[00212] Figure 23A shows a block level representation of the pulse-shaping filter
(PSF) 238i/238q in the transmitter path 204 (Figure 2) of a RFID transceiver (see
Figure 2-6) built in accordance with an embodiment of the invention. Figure 23B

shows frequency characteristics of the pulse-shaping filter PSF 238i/238q.
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Figure 2-6) built in accordance with an enbodi nent of the invention.
Figure 23B shows frequency characteristics of the pul se-shaping
filter PSF 238i/238g. 46 [00213] From Figure 23B, it will be observed
that the pass-band frequency 2302 of the PSF 238i/238q is tunable to
be about 40kHz, 80kHz or 160kHz. A filter select signal 2306,
operating in line with table 2304, determ nes whi ch pass-band
frequency 280R213s dwbmdtigue 228, iswilblet obsafeq thahiéde padsthand frefurnty 23 Q]

about 40kio: PEFSELRRERagt RHabRI0 By o MEnP ARFE G IRpESH TR oBkc

confi gures ti‘i@nalPSBOB38ipéraﬁﬁgZ] iholiawatha 146 sizand deteatined oyhicH pa@emiumﬂ
filter sel ect signal 2306 conflgures t

80kHz; at se%ect 10’ ec g
PSF  238i /23 BAUERCI A0S l%segeggegbéﬁadmte%eﬁhe; selfsbiigna dég-genfigpres
sel ect "11' pgp 9034t %qlavé Qggsgéﬂndlﬂegﬂ@n%y%?ﬁ&ﬁft Q?@H—Izalapéle@e& hat, tﬁfhﬁlter

tunabl e pul se shapi ng l'ters |-PSF 8q are ‘desi gned
to have a figebct algtlﬁérﬂiﬁﬁ|C0nﬂ$ﬁ68@16d§Fa23Sﬂg@gﬁmha\GOQpamdaflﬂmum KHz
respectively; a secon t| of .6

and 1120 KHzabrOB{;g;(e) v Sge Tplter Setlec hS all’;‘t2t3 5 en%?élf'z re the PSF”
requi r ement s238¥288d tohhave dle;fassihaﬁdl &féqﬁdnbja of ubeit W60k z; twidlef defedt < flOGg not
pol es being realized by a Chebyshev filter and the | ast pol e being
realized by ¥Butterworth filter was enployed. Figure 24 shows the

bi quad structure 2400. [00216] The bi-quad structure 2400 was chosen
as it has |less passive ( nponent val ue spread. As the coner

frequenci es [#Rd4k hdt mas)ﬁemh@ri ﬂb@qdbﬁdh@@nahk@uﬂ@l shepigg fidterst WSk R &e

filters, the t

(RO and Ry BLG RO SIS 148 o fRHEREN AT 280 KR %00
Hence, the KHsgiaad @S&Kﬁ@rmpdct%lmndaa semhd archuasorpall @&l di bt Z80KHe,t 560N
of three ar 1@%}2&?@{0% r tvvo arns are switched off to get the

response fo ﬁ%eﬁpei{‘ Wilter respectively. A digital
conbinatorial logic (not shown) sends the filter select signal

[00215] To meet these attenuation requirements, a fifth order biquad structure with
the first four poles being realized by a Chebyshev filter and the last pole being
realized by a Butterworth filter was employed. Figure 24 shows the biquad structure
2400.

[00216] The bi-quad structure 2400 was chosen as it has less passive (RC)
component value spread. As the corner frequencies and the stop band frequencies
are related for the three filters, the resistor determining the frequency becomes
multiples (Rg and R;) as well when the capacitor (C; and C;) is constant. Hence, the
resistors Rg and Rz were realized as parallel connection of three arms such that one
or two arms are switched off to get the response for 80 KHz and 160 KHz filter
respectively. A digital combinatorial logic (not shown) sends the filter select signal
2306 (Figure 23) to have the PSF 238i/238q (compare Figure 2) operate in the
different frequency modes of 40, 80 and 160kHz. The input level shifter 2202 (also
compare Figure 22) converts the common mode voltage from 0.25 V to 0.9 V
(VDD/2). The output level shifter 2210 (also compare Figure 22) converts the
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2306 (Figure 23) to have the PSF 238i/238q (conpare Figure 2) operate
in the different frequency nodes of 40, 80 and 160kHz. The i nput

| evel shifter 2202 (al so conpare Figure 22) converts the conmon node
voltage from0.25 Vto 0.9 V (VDD 2). The output |evel shifter 2210
(al so conpare Figure 22) converts the 47 common node voltage from
0.9 Vto 0.35 Vto drive the nodul ator 240 (Figure 2) having a PMOS
based i nput Qmmnorshmdm)mltéwlémnt née ‘P8F0238~f &8¢ thEngdnki@ 248 fBiguted

| evel shift 20 0 rtent .
consunpti onellqagméo gwgfb rr%&lpu ﬁlopomc/’e‘ifn %9%11 tﬁi tg{g"iéuzrgrgléin qc(glr%“eztangn
i s | ess thanthalxewl shiflds 2202) and Mdmlreap(ﬁweredlﬂp [tGﬁQ&ﬁq}enFi:(guﬁmpt?&l ishbwg a
bl ock | evel gpresent ati of  t he nodul at or 241(3e re @ in the
transmtter {) -2 APD(“TQF%E]‘F ) cuggenLCORBYIRP YOI, é%’ihﬁ’éfl PELRAF] gur e
2-6) built in accordance vvlth an enbodi ment of the |nventi on.

[00218] The nodul ator 240 provides the three nodul ati on schenes of
DSB- ASK, PRIASMognatos8M0 ASK t hr ough a DSB- ASK unit 2502, a PR-ASK

2502, “the PHALR urk E3go o P bne ERREkeh ik o088 aautr Sl Mg
usi ng a sw t hn AodBansihiter pmd @04 (Figore 2 e RFIDAwEnst@iveb Ysee Eidureo2-6) blﬁlt

DSB- ASK uni t, 2502, the.PR- A@g %H]It %534 and, the SSB-ASK unit 2506 is
controlled b‘?a‘étc%?i’ﬁ??i’f 3R SHEPTHBLM POMVEN PRal 2510, whereby each

ASK signal can have different nodul ati on depths. The nodul ator 240
may be inplenented using Glbert-cell mxers with high linearity

[00219] Fi gltig18l6 skhsvisodalaterclde nrevides tﬂléﬁﬂé@@ﬁﬂl&ﬂﬁl@hmb@m@mf I§$B1g%9é<,

si deband anpjig (S58R! ) H%%Q LE

Fi gure 25) Lﬂ;‘ﬁgd %@&é%ﬁg‘f&e géli ver see}ﬁl@?g%%gl%— %}gkbslglll t i ?id 2

accor dance V\SSBrAéiK manﬁﬂﬁn'esptctofel}t HEhe DBB-Y8K omit 25@0 ARAR-TEK SHE283K

unit 2504 inclu 612i M xer nit

5650, 5 0/ 0L ESSE SR o8 g sonstit B « SES0Ry A Hadyien
depth provided by each of the DSB-ASK unit 2502, the PR-ASK unit 2504 and the
SSB-ASK unit 2506 is controlled by a modulation depth control signal 2510,
whereby each ASK signal can have different modulation depths. The modulator 240

may be implemented using Gilbert-cell mixers with high linearity.

[00219] Figure 26 shows a block level representation of the single sideband
amplitude shift keying (SSB-ASK) unit 2504 (also compare Figure 25) used by a
RFID transceiver (see Figure 2-6) built in accordance with an embodiment of the

invention.

[00220] The SSB-ASK unit 2504 includes an [-Mixer 2612i, a Q-Mixer 2612q, a

summer unit 2650, a 0/90 quadrature signal generator 2646, an external local
oscillator (LO) unit 2630 and a single to differential converter 2648. The 0/90
quadrature generator 2646 is coupled to both the I-Mixer 2612i and the Q-Mixer
2612q, while I-Mixer 26121 and the Q-Mixer 2612q are coupled to the summer unit
2650.
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oscillator (LO wunit 2630 and a single to differential converter
2648. The 0/90 quadrature generator 2646 is coupled to both the

| -M xer 2612i and the Q@ M xer 26129, while |I-M xer 2612i and the
Q M xer 2612q are coupled to the sumer unit 2650. 48 [00221] The
| -M xer 2612i and the Q M xer 2612q respectively facilitate

nodul ation of a carrier with a frequency determ ned by the external
LO unit 263M@0221jherldet hdlizer 20&2 asd nthduRealViewr weGlRq | respiertizclyi daedltate

2648i and da al 2648 be a ciated th t h

Zata doas TR A PR St Fonitsh 0P RRRR! OISR Rg Wi abag,
2481 (Fi gur ewltre tRGairee ishétall@cdwih al datddigha( Eﬁ{&ll‘a@d @_dz&ii El@ﬁal 2648q. It
processi ng |n the respective DACs 236i and 23 & gure 2) and PSFs
238i and 238%1lbe; a@ﬂﬁéla%ﬂ thatthel defp26¢81 and g Qh%ata M&a@re qfogous iythe he

Q M xer 261204484 & Fﬁzﬁ%ﬁS?@%ﬁie Qrarfdhtﬁe Q;HQEH%T H@%q%ﬁ%@re&@ afterpprocessmg

anplification in ower  a Ifier ure

Anplifier 241 tf[mmgtjveﬁpgﬁs 33(2?11@ ﬁﬁﬁ(ﬁ(ﬂgm Z)bﬂodIPfS\Fell?’%leipd éé&q\ﬂ:agur@a) of
t he power a ifier (PA ns ter th24(F| re,2)
of “a RETD ¢ r Dl foRls Tt 2 0F abd BRI E 20130 hditn st g
enbodi nent Qﬁnﬁﬂb@uhﬂﬂﬂ&iﬁﬁoﬁﬁlmp][lﬁ&ﬂaﬁht]ﬁhﬁo@éﬁ@fphﬁﬂiﬂMf(lF@ur&ZM i ncl udes
a programmabl e attenuator 2702, an input matching unit 2704, power
FETs 2708, a bias supply 2706 and an output matching unit 2710.
[00224] The 1pbpps eabhigenuat or 2702 is coupled to the input

mat chi ng un|t 2704. e power FETs 2708 are coupled to the input

mat ching unit 2704, the bias supply 2706 and the output natching

o 210 et AT RIS R S Btca o

down contr ol24diignhd tri2nkivitter] 4 264 (Spngl B-c(taBEIICiasseiken(spe Figues 2-6)
w th power qutput of +|l GdBm and . out put 1dB of +11 dBm and power added
of 1ol ency QUM asSerAae SEOR SuoHRber e diyettion

[00223] The power amplifier 244 includes a programmable attenuator 2702, an
input matching unit 2704, power FETs 2708, a bias supply 2706 and an output
matching unit 2710.

[00224]  The programmable attenuator 2702 is coupled to the input matching unit
2704. The power FETs 2708 are coupled to the input matching unit 2704, the bias
supply 2706 and the output matching unit 2710. The programmable attenuator 2702
is controlled by a 4-bit control signal 2712, while the power FETs are controlled by a

power down control signal 2714.

[00225]  Single-stage Class-A amplifiers with power output of +10dBm and output
P1dB of +11dBm and power added efficiency of more than about 25% may be used.
The power amplifier 244 is fully-integrated with programmability of transmit power
in step of 1dB upto 16dB. The various components 2702, 2704, 2706, 2708 and 2710
use PTAT reference current source to enable them to operate from about -25°C to

about +75°C.
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The power anplifier 244 is fully-integrated with programmability of
transmt power in step of 1dB upto 16dB. The vari ous conponents
2702, 2704, 2706, 2708 and 2710 wuse PTAT reference current source to
enable themto operate from about -25C to about +75' C. 49 [00226]
Figure 28 shows a schematic diagram of the power anplifier 244 in the
transmtter path 204 (Figure 2) of a RFID transceiver (see Figure
2-6) built in accordance with an enbodi nent of the invention.

[ 00227] The 1 0US..CO nents 2702, .2704, 27 2708 and..27 .
(P gur o 27, URE6CC TAETRRIRALS o ikinank Bilf S0 A8 SRR 20 e
enbodi ment  stdishitien pathg 04 (Biguret ZieofL b MERID Gh@ssivd (eyvEiguraPpé)i buikrin
244 is designed with 15dB power cog%rol range. M and M2 are

transi stors IFSFUARFEAVE upent et P &VeRRO s bi ased to operate in
Cl ass- A node, the bias voltage comng froma PTAT circuit (not

shown) connected through resistor R2. M is self biased fromthe
out put t hr olf§B27lesilBegrri®s camponenind] 202708327060 2 €8 andA7i 0 (dgueRE) are

linearity of re ansi stors used to power down M2. MB
is a PMOS tr%ﬁ%ﬁ?%%ﬁ%%ﬁwgﬁuﬁgmﬁggd to switch on and off the gate

vol tage of M2. Wien the control voltage 2714 is low, the gate
vol t age of LS sypplied fromth dr ai n of . Wen the_control

vol tage 271 e, Qﬁ,t'h_t—'h%nwre%fs & Hiiro 8, ABbrhineh s roorer
M. Miis a ek AN SisS Bt with 1 13dBapEwRT ctBP WedgeOf ML QRET R are
circuit 2802. The function of MA is to connect the gate of M2 to the

ground to avisingistory paingrgcagendie sugiaige M vinased troonardn & Clapsidanede, the,
it . i. . i
capacitor %1%}%&%8%&%%%0%& PPA® cﬂaﬁ&gg{ §hto %g&fﬁ:@%{%c‘l fr%(grrlf%ﬁ{gg%stor R2.

circuit 2710 es maxi num po or 0
i npedance ofM30is Geifibidseé fomb ithelouipoathroughedtsisioe RIS afid aaghcitort 63, which

o0 BUTT Lkl B kLR BELLRCR50, PG 05,08 B eabob i >
Capaci t or Covizss @ PNESD#Msisig wiG@PRGséPTo Swiich Bf afidl R the g&taRBRAdT MD.,
i nductor L2 and capacitor C2 are part of the ) .
en the control voltage 2714 is low, the gate voltage of M2 is supplied from the
drain of M2. When the control voltage 2714 is high, the gate of M2 is cut off from
the drain of M2. M4 is a NMOS transistor which is part of a power off control
circuit 2802. The function of M4 is to connect the gate of M2 to the ground to avoid
floating during power down conditions. Inductor L1, capacitor C4 and capacitor C5
are part of the output matching circuit 2710 which provides maximum power for an
optimum load impedance of 50 Ohm. The optimum load impedance is found with
load-pull simulation. L1 also functions as DC feeding and can thus be considered to
form part of the bias supply unit 2706 unit as well. Capacitor C6 is a decoupling
capacitor for DC supply. Capacitor C1, inductor L2 and capacitor C2 are part of the
input matching circuit 2704. All of the passive components are integrated on chip.
C1 to C5 may be MIM capacitors, while C6 may be a MOS capacitor. L1 and L2
may be spiral inductors on a top metal layer. R1 and R2 may be polyresistors. The
bias voltage is generated from a PTAT circuit (not shown) which may have reverse

characteristics over temperature to the power amplifier 244 so that the resultant
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input matching circuit 2704. Al of the passive conmponents are
integrated on chip. Cl to C5 may be M M capacitors, while C6 may be
a MOS capacitor. Li and L2 nay be spiral inductors on a top netal

| ayer. Rl and R2 may be polyresistors. The bias voltage is generated
froma PTAT circuit (not shown) which may have reverse
characteristics over tenperature to the power anplifier 244 so that

t he resul t anchar@@righaradcperdrs pitputofvs.p tanereradere pist neasly flenpeeattor enfis

nearly fl at r.the entire erature range from-25C to +75C. V)
Aopl i cat i on ShBg F%"ﬁ“ﬁ?l‘é&‘rna?ge%ﬂ@ﬁt (ASI C) 408 [00229] Figure 29

shows a bl ock | evel representation of the digital application
specific intggrated circujt (ASIC) 408 (also conpare Figure 4) of a
RFI D t ransceﬁgépplm@g%‘ésﬂﬁ’?’é"l‘}rl%te@?@? CHEr éASiIFr) 4% ordance with an

enbodi ment  @o20bE 1 MY&BIIPOhowsOPBRLE 182 réppbdendich BF @y éfgﬁalaaﬂﬁjﬁwlo%
monitor and control rnterface to all the “functions of the RFID
transcei ver fpseidic Mtggraied 2irgdit ARICLHDS @lsornepargdiignre dhofr oRFIIS irgmeativer
2902; a nodu L. t h tr i gnal - 2904 g

synt hesi zer esg‘%%18?%%&%@%%&%%%3%68é‘%&“ﬁgﬁ\k@rﬁf (I)l\%/tn%ft(%%lnnt"?lg Y gnal
2908; a filter switch, LNA swtch, LOswtch control signal 2910;

and VGA con I d V ntrol, 2 signals.2912. Co nicatio ith
the ASi C_ a0l B0 ke ARG AR erore s sindl mOgEpy ??ﬁe@&ﬁ%%&ﬁ%&‘b&} the
signal 118 (mh&sbrsef tht BHO thhsceiRP 35k Fikae 226?@4)@@ 4 Pewey pliheshaar
progranm ng signal 2906 can be used to control the operation of the

PLL 206 (seesignay#P82;43 mogyidtion tsekermyasand gapthotontrol gignal\R984¢ entyindiesizer
signals 291 t O, ' 0 |- 81, L Fi
ondthe |- vakESAaARE S Ehal P8ORS B0 ock 3P sl Shog Mok AL RA
summar i ses tdvatchp§iOc swideit caltrobfsighhle2Bt Gnd 08GAN@ntrdbhé andr Y E&apcodiohd
effect achieved,f ea respective. | ogi nce. ,From t abl 3002,
"t can be appFEl 201k (CREEHEaR Fth fi ASIE R Ecibicepd geibe g ey
sW tched on pdiphéral infgiace digaell 18 Glio)se®Riglire)en the RFID transcei ver
(see Figure 2-6) receives
[00231] For example, the synthesizer programming signal 2906 can be used to
control the operation of the PLL 206 (see Figure 4), while the VGA control 1 and
VGA control 2 signals 2912 can control the operation of the I-VGA 218i (Figure 2)
and the I-VGA 218q (Figure 2).

[00232] Table 3002 in Figure 30 summarises the logic control of the ASIC 408 and
the corresponding effect achieved for each respective logic sequence. From table
3002, it can be appreciated that the RFID transceiver (see Figure 2-6) is switched on
(i.e. logic level ‘10’) only when the RFID transceiver (see Figure 2-6) receives

backscatter signals.

[00233] The ASIC 408 provides for 20 shift registers for individual control of each
of the individual components (for example 210, 212i and 212q, etc of Figure 2) in
the RFID transceiver (see Figure 2-6). Tables 3004 and 3006 in Figure 30

summarises how each individual component in the RFID transceiver (see Figure 2-6)
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backscatter signals. [00233] The ASIC 408 provides for 20 shift

regi sters for individual control of each of the individual
conponents (for exanple 210, 212i and 212q, etc of Figure 2) in the
RFI D transcei ver (see Figure 2-6). Tables 3004 and 3006 in Figure 30
sumari ses how each i ndividual conmponent in the RFID transceiver (see
Figure 2-6) 51 can be powered down. It will be appreciated that

sel ective powerberppwiosindafn. t Hewilldesanpeagiateddihes shlestive poyennendawn of the

facilitates i D) ceihver. (s [WaTl]g -
veasur ed. ResSiTeP FDAu hBoRetTbIRASCEnyEHing Y doe- R FaySiefler oo
fabricated iFigaecofyrercial foundry using a standard 0.18m CMOS

process. The anal og and m xed-signal circuits are sinulated using
h-spi ce and the RF bl ocks sinulated using ADS (Advanced Design

System . TheyRGLRdItHANgcel ver (see Figure 2-6) was packaged in a
| ow- cost commercial TQFP100 package. The RFID transcei ver (see Figure

2-6) perfoltfddtle s transeeiverefsas Fimrs 260 veasHRAri¢sbk b @ ggmmercial
eval uated from t enper at ure of, ab s25C to out +75C. A UHE REID
Coader ayst cigimdty GEELAMNE CladPBRI0S MR TR0 dhub g el
bui It in accafdadnae: Wnidlatdd usRIFbBGHIFENndothet RE blBME@NtihRMtedVaSing| SDS
fabricated to credit card size on 2-layer FR4 PCB material, wth

conponent s dirdypicgd Hseiga Syen) ThieR PERranseeivsdsasthiaie it avappackagil ipc

bei ng a conp] gfuRc Al eoRReRIANDFPIOE pRELEST TRERFTO  rdnbdepfr 3446 Tt 2R! D
reader systens were tested and conpared with the performance of

commer ci al | yperfavnidcabives divauated sepssfelyeanier FRNEheard emndntvalutad from as

di scussed bet'ex%‘é"erﬁ{g?%io?aatb%ut Lhal- 3 %ﬂﬁutﬁﬁH@d.egggi.ﬂfF%ergder system,

i ncorporating ranscerver (see Figurée
accordance wntdip@atigdraoRFIEnfanefeivich €sdenbigudel 246) bt Ghescdrbénce with an

BT oA o SRy L B P 0P 3 L0580
PCB material, with components on only one side of the PCB and the other side of
the PCB being a complete ground plane. The performance of three such UHF RFID
reader systems were tested and compared with the performance of commercially
available discrete UHF reader. Measurement results, as discussed below, indicate
that a UHF RFID reader systems incorporating a RFID transceiver (see Figure 2-6)
built in accordance with an embodiment of the invention, matches the performance

of conventional high-cost bulky Reader modules.

[00235] Figure 31 shows the transmit spectrum mask 3102 for a multiple
interrogator environment, which meets the EPC Gen-2 standard. Channel spacing
3106 is about 500kHz for US. From Figure 31, it is observed that the measured
output spectrum 3104, facilitated by the PSF, the band limited modulator and the
power amplifier components of the RFID transceiver (see Figure 2-6) meets the

standard.

[00236] Figure 32 shows measured pulse-shaping filter characteristics of a RFID

transceiver (see Figure 2-6) built in accordance with an embodiment of the invention.
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i nterrogator environnment, which neets the EPC Gen-2 standard. Channel
spacing 3106 is about 500kHz for US. FromFigure 31, it is observed
that the neasured output spectrum 3104, facilitated by the PSF, the
band |imted nodul ator and the power anplifier conponents of the
RFI D transcei ver (see Figure 2-6) neets the standard. [00236] Figure
32 shows neasured pul se-shaping filter characteristics of a RFID
transcei ver (see Figure 2-6) built in accordance wth an enbodi nent

of the invepthon. Figure, 33.sh sur rei

phase- noi semg? 9@60!&%‘"‘% g?ggﬁ&%ﬁﬁ%““eda%&“ %61%%&?% %pi&%ﬁ)@géh 213%}I D
transcei ver #n8@60MiHzUERpR38)4) b0k RFID rafcedet@aCE gureiZt 6) baiit @destdament
of the invention. Figure 33 illustrates that there is consistent
phase noi se ‘Bifefn erbOmEnt o theprenln. pBigure nal e e e B omon

i s about - %&&Bﬁéiﬂzo@e} tHOQ i reTH 8T LR O UARAUthe tiSsilc8 FURBGY abRRJE.
[ 00238] Fi gure 34A shows DSB- ASK nodul ati on of a RFID transceiver

(see Fi gur €l02dBy/Haat 10k odseichagont tetlisqugncemygdi nent of the
invention. Figure 34B shows PR-ASK nodul ation of a RFID transceiver
(see Figure 2-6) built in accordance with an enbodi nent of the
i nvention. [00238]le Fifirs3dns sHsSR- BSRB-ASRdubdiliton of aaRRE Dahscaivec éeeer

(see Figure 2-6) built iLn accordance wt n e di.ment. of the
Cventi on © aigttk 28t i ad s B HE o sibofens B0 B ioR o Fiepe 4B
the RFID trafswei Mesks eodaldivh o uORFID thbeitdie(s80dykabi 26) SEMeES
used under the EPC d obal CGen-2 standard. The desired nodul ation

dept h can berccygdpngstvaich amesbghineme ofithfhinvertisingt Fighre1 34Gishowppn8§B-ASK
00239] Fi S c =S | htery r in_li

botore tal b DEEREONRIpCHANNRG OGS el 2 bAIE IR W hte it O

accor dance wintbodemenewbddi imgentionof Figives BAsantId6ndenkinguate tBS Bostbilivy off

channel -sel ect fil response in talk of RFI D transcei ver

(o6 i gur e g g D" EREGHNE (kB TR Tn b B mmpichreppges fed

Invention. under the EPC Global Gen-2 standard. The desired modulation depth can be
adjusted through the high-resolution 10-bit DACs.

[00239] Figure 35A shows a channel-select filter response in listen before talk
mode of a RFID transceiver (see Figure 2-6) built in accordance with an embodiment
of the invention. Figure 35B shows a channel-select filter response in talk mode of a
RFID transceiver (see Figure 2-6) built in accordance with an embodiment of the

invention.

[00240] Figure 36 shows a photograph of a die 3602 having a RFID transceiver
(see Figure 2-6) built in accordance with an embodiment of the invention. The die
3602 is about 6 X 6mm and manufactured using a 1P6M 0.18 um CMOS process
from Chartered semiconductor. The die 3602 can be fabricated on A TQP-100
package on FR-4 PCB.
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[ 00240] Figure 36 shows a photograph of a die 3602 having a RFID
transceiver (see Figure 2-6) built in accordance with an enbodi nent
of the invention. The die 3602 is about 6 x 6mm and manuf act ured
using a 1P6M 0. 18 um CMOS process from Chartered sem conductor. The
di e 3602 can be fabricated on A TQP-100 package on FR-4 PCB. 53

[ 00241] Figure 37 shows a photograph of a UHF RFID reader system

i ncor por at i H§2&1IRFIFiEure adik ceiower a( QMOﬁiag}ur@“ 2- JHBURFID  readerc sydemce
with an enbodlnent. of in [ shows a.table
surmar 1 2i ng PREGRIEE AHD, PEEH P Yo BBGET e ol S e AINE ol R
Fi gure 2-6) dmbodimdnfofubedtvdamae Wi th an enbodi ment of the |nvent| on.
[ 00243] Figure 39 shows a table summarizing the range perfornance
results of a RFID transceiver (see Figure 2-6) built in accordance
Wi th an embpgbygnt ré be shévﬂs"ﬁ%lé)ﬁmu{lﬁ%fé"ﬂh 'fieﬁb‘ﬁ&né@réﬁ%f 3 R@ID
response of a digital |ow pass filter (channel "select filter)

RFI D t r anscetapsgerves gsge Eiggta 26 pbugly ithagcprdanag veithcar aalreden et pﬁthamnventlon
enbodi ment of the invention. The response is to a 10 bit word | ength
for a 80kHz pass band. [00245] Figure 41A shows a signal 4102 in a
transm ssi ofo0p43]h Fligiae BFkhbwd & adbdcainvadridisethe raguer eridantidnch wedults bfia
accordance w an enbodi ne of nventi Qn. The 4102, has
under gone aﬁ%ﬁlﬂ SPET (R Bprerast) ﬁ*ﬂhdpm%ﬁafg?&wﬂ%aﬁg e Shiee
a transm ttqgvesllngﬂal 4104 froma RFID transceiver (see Figure 2-6)
built in accordance with an enbodi nent of the invention, along with
a detection envel ope 4106. Figure 41C conpares a transm ssion

Ceor dance. BRERIG, 1HdaFhols L ARRERIS e HRER ShOULE el liild bk,

envel ope 410Bter) FOREED trangreier $2BFnoud 6 pbiHbih amdndlamta with &p@nltadummmf
a RFID trans ver (.s ure2 6 a r
S rhodi et GF v BT Potbtesg (1 165 wort fenBRBF £ BGE: g Hard”

[00245] Figure 41A shows a signal 4102 in a transmission path of a RFID

transceiver (see Figure 2-6) built in accordance with an embodiment of the invention.
The signal 4102 has undergone analog filtering but not modulation yet. Figure 41B
shows a transmitted signal 4104 from a RFID transceiver (see Figure 2-6) built in
accordance with an embodiment of the invention, along with a detection envelope
4106.  Figure 41C compares a transmission spectrum mask 4108 of a RFID
transceiver (see Figure 2-6) built in accordance with an embodiment of the invention

against the detection envelope 4106.

[00246]  Figure 42B shows a SSB modulation spectrum of a RFID transceiver (see
Figure 2-6) built in accordance with an embodiment of the invention. Figures 42A
and 42C show detected signals, in time domains, in a RFID transceiver (see Figure

2-6) built in accordance with an embodiment of the invention.
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and 42C show detected signals, in tine domains, in a RFID transceiver
(see Figure 2-6) built in accordance with an enbodi nent of the

i nvention. 54 [00247] Figure 43 shows waveforns in a receiver path of
a RFID transceiver (see Figure 2-6) built in accordance with an
enbodi nent of the invention, where an ideal |local oscillator is
used. [00248] Figure 44 shows the effect of phase noise, with a

bl ocki ng si ¢MW3#7Ipr dsame 43 S@W%ngmpénfacpmea‘fbfofa RHDDransesew éseeer
(see Figure 6). ADMi ordan e,

pvent | on. [ 0BogO el e RRAREE 365 ghicdifth: SRR RN Sl B itpdle
froma powenoaamMﬂMwmmumﬁ a RFID transcei ver (see Figure 2-6) built
in accordance with an enbodi nent of the invention. [00250] Wile
enbodi mrents of the invention have been particularly shown and

descri bed \A%doms]ef HHARE a4 %pome & &?hs@%'ﬂas?set@nh btblo%mg' sﬁgnlaﬁpresem
under st ood by those " skil inthe art that various changes in fo

and detail reaysipeal rmcfemnamefp @f @ REID: wensceiverpaea Figyref 2- é}rbm&remsqsp@ndancand
scope of the e the appended cl ainms. The scope
of the |nvent@%%1$éﬁ qﬁgﬁPgﬁk fggg%y t he appended clains and al
changes which come wthin the nmeaning and range of equival ency of

the cl ai ns heref ore tended to be enbraced. 55 What is
clained is: ﬂ@giéra(}: G IE 1 qglépr‘l%sy 2 HOROPE LU ogﬁe"tt‘f”&h§8’é‘it@e:¥5m a power
conpri sing: andplfffebTN tHED ﬁ%s@ew&o(‘éﬁé'lﬁ%lﬂgd- 16 & S0&R@nck Owith an
tunably shape the pul se of a signal hat the shaped pulse is

transm t t abl @nbiodiragnt pbthe javeptieef i ned frequency ranges; a nodul at or
to nmodul ate the shaped pulse to be transmtted into one of a

[00250] While embodiments of the invention have been particularly shown and
described with reference to specific embodiments, it should be understood by those
skilled in the art that various changes in form and detail may be made therein
without departing from the spirit and scope of the invention as defined by the
appended claims. The scope of the invention is thus indicated by the appended
claims and all changes which come within the meaning and range of equivalency of

the claims are therefore intended to be embraced.
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plurality of predefined frequency ranges; a receiver path,
conprising: a denodul ator to denodul ate a received signal froma
plurality of predefined frequency ranges. 2. The radio frequency
identification transceiver of claiml, wherein the transmtter path
further conprises a digital-to-analog converter to convert a digital
signal to be transmtted to an analog signal to be transmtted,
wherein the digital-to-anal og conveltdiM$s coupled to the pul se
shaper such that the analog signal to be transmtted is supplied to
t he pul seWdhaipelaim@lisThe radi o frequency identification transceiver
of claim1, wherein the transmtter path further conprises an
attenuatof to I - .signal to be
transm tt[e'd, V\%téérdgt?ﬁgt%"ﬁgagltdtyg%%%l%r?{r?%sgeg%%g%égﬁsggt he nodulator to
recei ve the nodul at e sitgnal to.be transmtted. 56 4. The radio
frequency i derft THPEAET B f4HEEMEver of claim 1, wherein the
transmtter path further conprises at |east one anplifier to anplify
t he modul at ed si gndl P45 %’ép‘?rrtaﬁg?ﬁ%m dype g‘t{e ofaigngly %@éﬁ@‘?rggaped
identification transceiver of claiml1, wherein the receiver path
further conprises &ulsedsEanseiftablodpdiffren pregefirgs] frdapendyaangescei ved
signal. 6. The radio frequency identification transceiver of claimb5,
wher ei n the anpl i f isanodwdatar toomodidits ¢heashppédf pudse, tothe tiamemitediinto one of a
frequency identification transceiver of claim5, wherein the
anplifier conprisephimlityafiptedéfied fetjages rargegai n stage and a
single-to- differential stage to provide a first differential signal
and a second difktavephihabomsisgizal . 8. The radi o frequency
identification transceiver of claimi1l,

a demodulator to demodulate a received signal from a plurality of

predefined frequency ranges.

2. The radio frequency identification transceiver of ¢laim 1,
wherein the transmitter path further comprises a digital-to-analog converter to
convert a digital signal to be transmitted to an analog signal to be transmitted,
wherein the digital-to-analog converter is coupled to the pulse shaper such that the

analog signal to be transmitted is supplied to the pulse shaper.

3. The radio frequency identification transceiver of claim 1,
wherein the transmitter path further comprises an attenuator to attenuate portions
of the modulated signal to be transmitted, wherein the attenuator is coupled to the

modulator to receive the modulated signal to be transmitted.
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wherein the receiver path further conprises: an in-phase mxer to
provide a first differential in-phase signal and a second
differential in-phase signal; a quadrature m xer to provide a first
differential quadrature signal and a second differential quadrature
signal. 57 9. The radio frequency identification transceiver of claim
8, wherein the receiver path further conprises: an in-phase

anpl i fi er 4coupTearatio frdquency-isntieationtensceyeaniulaifoyl,t he first
differential in-phase signal and the second differential in-phase

si gnal ; a quadwhérainethafhsnfitter patlo fipttee comptidee a6 least @cldntplifieX @ ain@lify
anplify the first differential quadrature signal and the second
differential qmaﬁﬁﬂﬁu&qsgmmngmeUaégnﬁ&he radi o frequency
identification transceiver of claim9, wherein the receiver path
further conprises at |east one tunable filter to filter the

anplified differential signal s provided by the in-phase anplifier and

the | quadsat ur & A Rley Mong AR b LE s T dent 11 cati on

transcei ver of ¢ e recelver t% further

conprises: an | e variabl e I|f|e to a ) e ..
filtered firot ?}fl?ﬁ%ﬁwiﬁf* it S et s O gl PRI B
differential in- 1gnal an quadrature variable gain anplifier
to anplify the®f Y% #alfirst differential quadrature signal and the
filtered second differential quadrature signal. 12. The radio
frequency identification transceiver of claiml1 and claim 11, wherein
the denodul ator is coupled to an output of the in-phase variable gain
anpl i fier6to rEeondie ftehecrappdenfifienion iatseivdr dfictam i f f er ent i al
i n-phase signal and the 58

wherein the amplifier is a low noise amplifier.

7. The radio frequency identification transceiver of claim 5,
wherein the amplifier comprises two amplifier stages, a gain stage and a single-to-

differential stage to provide a first differential signal and a second differential

signal.

8. The radio frequency identification transceiver of claim 1,
wherein the receiver path further comprises:
an in-phase mixer to provide a first differential in-phase signal and a
second differential in-phase signal;
a quadrature mixer to provide a first differential quadrature signal and a

second differential quadrature signal.
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anplified filtered second differential in-phase signal and to an
out put of the quadrature variable gain anplifier to receive the
anplified filtered first differential quadrature signal and the
anplified filtered second differential quadrature signal. 13. The
radio frequency identification transceiver of claim1 and claim 11,
wherein the receiver path further conprises: an in-phase
anal og-t 09.di gi Thel radiosequdney ideotificmive tnwmaivanslctgmi8n- phase si gnal
provi ded by the in-phase variable gain anplifier to a digital in-
phase signal ; whaeiadicattsir pohlfoghdreoflpgicsal converter to convert an
anal og quadrature signal provided by the quadrature variable gain
anplifier to a di gidnah-pheéadhpifies RospleD @) thelifl-phdRemiRAF kd abp BHURE Tst
identification transceiver of claiml, further conprising: a
synt hesi zer to prov b - oS i : i Q.1f cy
[ )éent ification Ito r andéggf@%?ido hallcg:(lggalig'i?nahgﬁ]‘g{n}% S?:cljogii r‘%@?ﬂti\%ﬂ%} ga%@s?%%ﬂ
ocal osei 11 ator sigharest afphferRdRE ekl SRR i Aihery RITRS
synt hesi zer is couplgd to,th uadr at ure m xer t rovi.de :
qﬁadr ature |ocal cdé@?r?l‘tﬁl} S‘Fa%gl ﬁﬁ*gn?loangﬁlée %‘jﬁ%‘ﬁff?fﬁlén%q}% atugegighgl.
The radi o frequency identification transceiver of claim 14, wherein
the synthesizer is coupled to the nodul ator to provide an in-phase
radio frequency oscillator signal and a quadrature radi o frequency
osci | | at of0-si gHigiradip freguracyisigniiagation tramsceivereofickdnd. f r equency
identification transceiver of claim 14, wherein the synthesizer
conprises at |wzestin theerepiivs eatholuktbet dongpisesi at desist one taBableTfikerrtadiltor the
frequency identification transceiver of claima1,

amplified differential signals provided by the in-phase amplifier and the

quadrature amplifier.

11.  The radio frequency identification transceiver of claim 10,
wherein the receiver path further comprises:
an in-phase variable gain amplifier to amplify the filtered first differential
in-phase signal and the filtered second differential in-phase signal;
an quadrature variable gain amplifier to amplify the filtered first
differential quadrature signal and the filtered second differential

quadrature signal.
12.  The radio frequency identification transceiver of claim 1 and claim 11,

wherein the demodulator is coupled to an output of the in-phase variable gain

amplifier to receive the amplified filtered first differential in-phase signal and the
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wherein the predefined frequency ranges are in the range of about 860
MHz to about 960 MHz. 60

13.

14,

15.

amplified filtered second differential in-phase signal and to an output of the
quadrature variable gain amplifier to receive the amplified filtered first
differential quadrature signal and the amplified filtered second differential

quadrature signal.

The radio frequency identification transceiver of claim 1 and claim 11,

wherein the receiver path further comprises:
an in-phase analog-to-digital converter to convert an analog in-phase
signal provided by the in-phase variable gain amplifier to a digital in-
phase signal;
a quadrature analog-to-digital converter to convert an analog quadrature
signal provided by the quadrature variable gain amplifier to a digital

quadrature signal.

The radio frequency identification transceiver of claim 1, further comprising:

a synthesizer to provide oscillator signals.

The radio frequency identification transceiver of claim 8 and claim 14,

wherein the synthesizer is coupled to the in-phase mixer to provide an in-phase
local oscillator signal to the in-phase mixer;

wherein the synthesizer is coupled to the quadrature mixer to provide a quadrature

local oscillator signal to the quadrature mixer.
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16.

17.

18.

The radio frequency identification transceiver of claim 14,
wherein the synthesizer is coupled to the modulator to provide an in-phase radio
frequency oscillator signal and a quadrature radio frequency oscillator signal to

the modulator.

The radio frequency identification transceiver of claim 14,

wherein the synthesizer comprises at least one phase locked loop circuit.

The radio frequency identification transceiver of claim 1,

wherein the predefined frequency ranges are in the range of about 860 MHz to

about 960 MHz.
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