A RADI O FREQUENCY | DENTI FI CATI ON TRANSCEI VER FI ELD OF
THE | NVENTI ON [ 0001] The invention relates to a radio
wo e@goensy i dentification transceiver. BACKGRRNDSGEN08/000030
THE | NVENTI ON [ 0002] Demand for Radi o Frequency
Identification (RFID) is increasing rapidly wth
advancenent in integrated circuit (1C technol ogies
and decreasing size and cost of RFID tags. These
enabl e nunerous applications which require very small
si ze ARADIOFAREQUENCY IRENGTEIC STIONFRANSCEIVER
applications include tagging itens in retail stores,
war ehouse nmanagenent, baggage traci ng and tracki ng at
the airports. ThIHELDCOFJIPE INVENEIONCal | s for a
correspondi ng need for small formfactor and | ow cost
handhel d RFID readers. [0003] RFID frequency bands
$oou1y f rIei@sntiontebteslda rkdis freQudncy identificgionheadsdehrge
ul tra-high frequency (UHF), 860 Mz to 960 Mz band,
Is preferred since the size of the reader and tags are
conpar abl e t cBAISGROJIND ONTHEINVENTIOBD M1z to 960
MHz band falls within the approved frequency bands for
UHF RFID in major countries. For USA, the m ni num
g(ﬁﬂﬂlen%’exﬁﬁﬁ%ﬂkh@i@ PréqRROH Ideafifildien (REDAsahaleasing rapidly

ass- 1 Generation protocol focuses on_the
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V1. 1.2, ropean St andard, 2006-03. Th ar e
SHisi ARG B LGS, SR P TAG A e ifporis. This
fih &EARRE Herth B callffor@cotiegibatingdRed £ir §inlaB ford@fetdarad low-cost
functionality for a physical layer of a UHF RFID

rhaadiald RFH2 r@Eem® reader 1C has a die size of 2 1 m®

and is realized in a 0.18 mmsilicon germani um (Si Ge)

Bi CMOS process. The chip dissipates 1.5 W
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r o Lﬁﬁg %}%ﬁe&ug&yt(%q{ﬁi %%zitg 986] 0150 gasn%nlgeprc%rrgd solnce 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

nmet al - oxi de- sem conductor (CMOS) RF transceiver for
wakiesoe2dd e RFI D reader operating at 900VHz bapcit/SG10e8/000030

transceiver is designed and fabricated in a 0.18 nmm

CMCS process, where the design focus is on the

linearity rather than the noise figure. [0006] There

is also a known reader front-end which allows for

detection of the tag information in the presence of

| i@ RarieBud)p Adndphiaiiger 520 dBmatbnahaddw@ceiing -8 51086 tagRgnals in

proposed reader_ all for anplification of the

W@§R6§?m6@§Ppé@h%ﬁﬂﬁﬁmn5§ 18 dB while rejecting the TX

bl ocker and its noise floor as well as LO phase noise

by 30 dB on average, resulting in a better than 50 dB
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f[ﬂ@m enclhesnth q:bmg Enewn rdadersfronirege rwitithoalkasys i gatgrtion of the

ta% br&]?rmalég)gl 1?% resen?.e BP% 1311533 Sf%cf?é% ﬁnlﬁpéc{rﬂ{: {herfa*'lbhr%nge

onl1n
tTlﬁe Prbpesea Featlegaliwsi for aapitfidation obilie vhﬂakest Hesidé mgnebby 18 dB

nal .is anplified thr h the_|inear at
THERreicstag Mokt Higskes Pebidoroisk Ragcorel § f@éﬁseamllse by 30
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card intefface and a controller both operating
agisotien fpchisved dekugi agnqn@natmmf@gm}ssimeh@gm twaR&rpaths, a
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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
wa@eajossees so that the nulling signal cancel s tPeX/S&2008/000030

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 RFID receiver. [0009] A known

recei ver uses a |unped constant network approach to

qb008] nat £nethat RFIAN@adeu| pryvides pleavitivityc ienbatcamets fand single

di stribut ed, del ay .l i nes. si ngl e-pol e, fourfthrow

(yennp RiPe i aging Ay by PermgisTe rpuinesd 8 iBe Signgh fprmed

Tiend 8GRMYGH opagydn%ﬁ sfenAP o Releleiv &C GihY §hasARab h@pRfude of

operati'on over_ distances of approximtely three to
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moving rapidly past a check point). Wen used with
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alter the identification or other information stored
within the RFID tags. [0010] It would be advant ageous .
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frequency ranges; a receiver path, including:
adenodul ator to denodul ate a received signal froma .
AP0 i t1 vmul(b be gdvantaggous 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, |ike reference characters
w@emsngl2By refer to the same parts throughout PEESG2008/000030
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 owi ng description, various enbodi nents of the
invention are described with reference to the
f ddrheduilatgr do addnnglulaté ra wvetid §i@kl 3fromi guplarality hkdwpredefined
bﬁock | evel representation of a RFID (Radi o Frequency
EHFY BREPon) system built in accordance to an
enbodi nent of the present invention [0014] Figure 2
shows a bl ock | evel representation of the architecture
of a RFID t BRIEFDESCRRITION OF TEEoPRAWENGS an
enbodi mrent of the present invention. [0015] Figure 2A
shows a bl ock | evel representation of a high pass
f[lODlE]r oIn the RFdvidngs; HRe cofdreme dhaabters g‘enanatlp trefantoahd sandnparts
of the pres nvention. [0016]. Figure 2B .
%5% PP Ftdéf&iﬁ%‘ﬁép gﬂ‘ﬁé{‘%‘f”ingf Pregop fecpsitibniosicale, emphasis

finsiesa g@lflerﬁ’H}REéng tolRES GFdnY Blustetinst th PridGipRE SRMELInkehtRR. In
nbodi ment of present invention. [0017] Figure 2C

sth@vfgllwmg d@moae‘f@é@ﬂs ehbodimsnisrd éhfofnvmémc@n degcribed with
f nnel. [0018] Figure 3

s egé\%sg&%c%t&fﬁgﬁ?&ﬁl ﬁﬁlg ésenﬁa ion of a RFID system

built in accordance to an enbodi nent of the present

B8 o ftamieohstveca Berplessbisaimutin e SEHS Madin Breayency

afiesiihiQfioNE&isterf biliiten ﬂfc@ﬁlﬁﬁﬂe tb BY @Rbb @it chPO20E E Fek&id if8ntion
5 and 6 shom1b|ock | evel representations of RFI

systens used under different operating condltlons.

[[00£4)] FFrigufee2 showaanblock lelvelGkplesantdtion @S sidhibdcho® oDh RFID
t he archltecture of a dual | pop phase | ocked, | oop (PLL)
slyprspeigsrAutlt gy acgorndpmgs tp ﬁ%ﬁ@b@ﬁv’@m ¥ithe prepent Hveitance

to an enbodi nent 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 nplenent voltage-controlled oscillators used

WO p008/0P2B0 synt hesi zer of an RFID transcei ver beRECT/6G2008/000030
accordance wi th an enbodi nent of the invention. [0023]
Figure 9 shows tuning curves for all eight bands of an
8- band vol tagecontrolled oscillator used in a RFID
transceiver built in accordance with an enbodi ment of
the invention. [0024] Figure 10 shows a schematic

dioazolam Bigues Shaxdge lmm'plo«:k lewel teppésentafitissel RFEEY ssnsiys used
det ec PFD) and charge punp bl ock used in a PLL
s%ﬁé@feﬁgﬂt OB%ratéI}g CF?F—*F’[BOP? anscei ver built in accordance
with an embodi ment of the invention. [0025] Figure 11

S a sche t|c di eba SSB
JOBAR 2 FENETT st BO0E B e Pieiiition i BEBiestife ok a dual

blsob tphhse lw&dﬂd@flﬂw stithésizee 6 @ RFTBNtansdeivol Suilt in accordance
i nventi on 002%3 gure 12 illustrates inmge

r 19 acambodinggnt gf B“f?P’%éFVenP%N] Fi gure 13A shows a

bl ock | evel representation of the architecture of a

receiver_path_of a RFID trans eiver built in
algﬁ%%]dan%‘gu‘leo 8 Sho¥RHD dF lagrgg B?éggwfry i W9e e pplement

[ QQ%8E-cBihteBIle odABatoRAWEd fn PPOE KyhiB¥&ler LERK RFQB‘ h«aﬁgce&er built
of another architecture of a receiver path of a

t inasserdange with an emhodiment of thereeention.an enbodi nent of
t he present i nvention.[0029] Figure 14 shows a bl ock
| evel OI%resent ation of the architecture of a receiver

dAP23]t r ofrigurend skrvsaturmgrsuryesnier allveighthands of an 8-band voltage-
f‘g@g@ﬁ&g%@cm&oﬂs@ﬁmdan@ﬂb AfanlddfveP TR NL b#&‘éﬁﬁfléeo Reith an

igure 15 shows a schematic diagramo
nemba@limeg|of theanventitd) of a RFID transceiver built in
accordance to an enbodi nent of the present invention.
[0031] Figure 16 shows a bl ock |evel representation of
t1R824t r uGigured Ozshawe ersthegutiadiagrena pf a chatge-prmp cireeiepfephase

pﬁgcﬂle&ty @et&F(ngPﬁTb% "R Slcﬁgrge %Hr'n'p tblécﬂ ReE 9 BPES 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 nent of the present invention. [0032]
Figure 17 shows a schematic diagramof a
wa@lomsogswer si on m xer, which can be used to reaEl/sGEHISIN0030
in phase m xer (I-Mxer) and a quadrature m xer
(QMxer) 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 transceiver built in
al¥9@9ld anEiguteo 14rshewbadbivektlewd represeptatisendf thavaecltiteotnre of a

00341 Fi re 18 h frequency .characteristics o
B AR R o™ BB S B 8 h i I praoiment
C bathe@lessi@li®@dntibhl ter (CSF) in a receiver path of a

RFI D transceiver built in accordance with an
enbodi nent of the invention. [0036] Figure 20 shows a

b[OOB‘_I]f | eP'@hl{sr Exhese atsahdnadicafiagiard ﬁf'h ]itikﬁlf ﬁ%%fl%mpliﬁer (LNA) of a
a ier | ..in a receiver path of a ) )

t gﬁh@ éfév%ls’% iftin pqqordepcstg 2R cAbAAIFN LA tBRBraEHen .
the invention. [0037] Figure 2 1 shows a schenatic

dj am of a in a recejver path of a RFLD

CORRLCE: Ban b1 o™ ac BlgPk e TPrReTIF Bhioh Bhfreucte and
t Bénfighvfiohiopn- I[N 3IBh r&deBil BatB DL AFOND tPanbéededt buBYVR! accordance

representation of a pulse-shaping filter (PSF) in a

t foatsmiadizpens of hegressniREyeDtipRanscei ver built in
accordance with an enbodi nent of the invention. [0039]
Fi% re 23A shoz\)ﬁ1 a block |l evel representation of a PSF

i [QO32);  ahighset | /eshops prschgmaticdiggram 04 g dewnRenvessipR mikey, which

ACHOBARRE B MuER AinPRRQALEN I—foeli) hed iaﬁﬁ?&lidﬁ?@mi%g@%ixer)

Fi gure 23B shows frequency characteristics of a

[ IFirgpseevadbuslh svaccerdpiagiadn sinbodimgneofaldyenesent mvention.
diagramof a PSF in a receiver path of a RFID
transceiver built in accordance with an enbodi ment of

tI833Inv eFignsnt 84 oo 2 blaglirlevel Sepsprswistion lof @ cthanme) gflect filter
r {ﬁﬁf@%ﬁ“@ RFi® @raﬂgceﬁremglw A REordthcR to an embodiment of the present

invention.

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

[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.



transmtter path of a RFID transceiver built in

accordance with an enbodi nent of the invention. [0043]
wo2@ane1226 shows a bl ock | evel representati on BPET/8G2008/000030

si ngl e sideband anplitude shift keying (SSB-ASK) uni't

used by a RFID transceiver built in accordance with an

enbodi nent of the invention. [0044] Figure 27 shows a

bl ock | evel representation of a power anplifier (PA)

i@@a transmtter path of a RFID transceiver built in

al

8¥ldantiguis 25 shawembbldrlminvel ofpresentation @fitd pilse-50Q#HE] filter
Fi 2 tq i,agr am of PAin a
Y SR RS R RS0y 0 e it an

acwbedmanteofthd invamioanbodi ment of the invention. [0046]

Fi gure 29 shows a block [ evel representation of a
digital application specific integrated circuit (ASIC

of0039] RF| Mgiifear3ac Shat@y a Blokk tlevieg 6%%58‘5—1%}‘0 St é"'s"s? 8" transmitter

enbod%nent of the invention.] I gure

seahar 3 BEID fragsceiverhmilt i acgprdanceABiiCan ¢ribetihett ulictinddntion.
shows the transmt spectrummnmask for a nmultiple

i nterrogator environnent, which nmeets the EPC Gen-2

dfedar digem@3Bshows freduenpeeiardererficdo R, t r anscei ver
built in accordance with an enbodi nent of the
i nvention. [0049] Figure 32 shows neasured

H0043¢- sITa@ira @4f SHohr a Gifad kit g(?'%m%{ic %ﬁ%%rll[l) ¢ PSF in a

transcei yer_built in accordance w an e
tTREFY 5 \Patky ST RFII) gm03ceivey buils i8 catdarse vatsatr edbeiiehtess the
AhesEoRol se at 860MHz and 960MHz of a RFID transceiver
built in accordance with an enbodi nent of the
i nvention. [0051] Figure 34A shows DSB- ASK nodul ati on

[ ceiver accordance with an

RELD t it
E‘;r%ghi rrlg m of "t F&°¥he %CE nl.eIV%}omSémaw @f3aBneduwster in a
RiRndfitenfublbhd ROTD @bn@ R Rk W%Bxﬁl‘gﬂﬁ v@lﬁ %11!1 Emt&l”(?ﬁ%tﬁf the

accor.dance with an enbodi nent of t i on.
EI§ORR-34C shows SSB- ASK nodul ation of a RFID
transceiver built in

[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]
Fi gure 35A shows a channel -select filter response in
wo casem2bef ore tal k node of a RFID transcei ver P@IsG2008/n00030

accordance with an enbodi nent of the invention. [0055]

Fi gure 35B shows a channel -select filter response in

tal k node of a RFID transceiver built in accordance

with an enbodi ment of the invention. [0056] Figure 36
shows a photograph of a die having a RFID transceiver
built in accordance with an enbodi nent of the

i ti i gur 7 sho a ograph of a UHF
O OO Smiatts Togld e SRERE R BVR: o

incorporating a RFID transceiver built in accordance
'%&%anIgnbogiggnt of the invention. [0058] Figure 38

100485 Fiate & SR e AT SPesUPIGHARkOR ar el lesinisprogator
Rink fokh @S 681 ket B1 c |
e O o BOEf i Bt ppectrum of

R Peirangenienr ibuiltig aetradangn githpe eidbodemene of ths investiof. a
RFI D transcei ver built in accordance with an
enbodi ment of the invention. [0060] Figure 40 shows

{0049 es Fonse 3dfshaws nghtiatd pelve-glapmgf filtdr ehatheRannslof a RFID
zelect fgLser) of .a RFlg trans%giver built in

POEFHLh BRI iR perordanesTHa PRempodimentef the{pyarticsn. [ 0061]
Figure 41A shows a signal in a transm ssion path of a
RFEI D transcei ver built in accordance with an

58l ndigured3 sheavs measwred errie] PEBe0EE GLIGOMHI BashdMWBVHzZ of
tr ] [ | f F transceiver. built .in

ISP G & bt oL LR Bl ISRt B o8 Bihton g
with a detection envel ope. [0063] Figure 41C conpares

nsm ssi Qn, spect of. a. RFI ransceiver o
Bt f" Ricige Saahees HAB SR wituliotert » SEIpHgmscaer buil in
lapRdncd KithGiRichibodnie bEGE i@ndty €l ope. [0064] Figure
42A shows a detected signal, in tinme domain, in a RFID

transcei ver
[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.

[0055]  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
i nvention. [0065] Figure 42B shows a SSB nodul ati on
wap@shyrese of a RFID transceiver built in accorPerse2008/000030
wi th an enbodi ment of the invention.[0066] Figure 42C
shows a detected signal, in tine domain, in a RFID
transcei ver 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
[6657] deatighQCH SRSkl & pAbBErabR JSLUHH QAESIhid %ﬁ&néﬁ) RFID
shows the effect of phase noise, wth a blocking
xsa@m abystere SResEPOTaings iag RAID ptralfsgmﬁem builbfin sackpudance with an
n accordance with an enbodi nent of
2%%H§gn ?gﬁH%%%8% Fi gure 45 shows a two-tone
output spectrun1en1tted froma power anplifier of a
REI nsc bui lt i n accordapce an
e A N A mam%?lts\m 3 BFID
t@'ﬁ@%&%ﬁ{lﬁn(&tzc&rﬂkﬁlcb RN Ribo RSt BERB nﬁ)%hﬁbri? ularly
shown and described with reference to specif
enbodi nents, it should be understood by those skilled
j he t r
S sSSP SGRBARER s TR R LB
EEIdm'eamﬁeltfére)uﬂnmmtordanoasmlﬁfm enetebdiyerit oétha pmmndexd
clainms. The scope of the invention is thus indicated
by the appended clains and all changes which cone

[Bodoni N HiB&re rmadhbﬁzg tl"i’é']%s{)&ﬁg ®f ‘dfdlgi@ﬁlﬂlé(\@';ﬁ%ﬁlt&f ﬁch:ﬁﬁtel select
clains are therefore intended be enbraced. 1t wll

fijterh@br & A EPe transssiver: Gritoin rﬂemﬂwcg, with e iembpgigent of the
159&S%gnt drawi ngs, refer to conponents that serve a
mlar or the same pur pose. [0071] Figure 1 shows a
block | evel representatlon of a RFID (Radi o Frequency

AR LA ST T R bk R SRR S0 R e

built in accordance with an embodiment of the invention.

o

[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 Athe invention.

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

in accordance with an embodiment of the invention.



i nvention.[0072] The RFID system 180 includes a RFID

transcei ver 100 electrically connected with a
wore@sogsd rol l er (MCU) 104, a crystal oscill atPeT/4G8)08/600030

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 isolation unit 112

[00906] r arfdsmre 445 ghRivsa detgeted signal Jg tinpeaniging impREID transceiver

signals (Rx_in
I el ARSI S O L

transcei ver 100 |ncludes a transmtter path 105 and a

i Ver. transmitter t | pcl udes
(7T ' il 8% St Srip e R ¢ A B Plngelite
ifi lagdbdarice whil ahleBib®Hintdne df the Gnventioh, iRrea idpale6el basithtor is
frequency ranges; a nodul ator 140 to nodul ate the
‘@ﬁ%ped pul se to be transmtted 126 into one of a

plurality of predefined frequency ranges. The receiver
path 102 includes a denodul ator 103 to denodul ate the
[pen8di vdigwe gﬁ ahovithefelloan of ghlase whise, yvithfa ploddag sigeal present,

TR e bARREE ot o 1Rharhfe B DI EPEn BetideRe bRt an

&@@ﬂhﬂaﬂopﬂkmmaﬂumn a RFI D reader systen1haV|ng an
integrated transmtter and receiver arrangenent. This
IS because the transmtter output may |leak into the

[068F Vit O SRR laf tvl’rchﬁm%r&\ﬂﬁ!’f‘ §§e@{rurﬁn&n&t|3& fr&RCh YRhwer
front-end are not sufficiently i1solated. The

apapidist |of tay REID ttraasqednse ibpdi if mognrdamael with hamﬂ@danent of the
&5&?89 signal fromthe transmtter, wthout affecting
performng of the desired signals, is referred to as

the receiver front-end linearity. It is difficult to

achi eve, using 0.18- m limentary Metal Oxide
Sem conduct or) technd! 5 tegrated transmtter
and receiver arrangenent that has the sane linearity
scret rans d receive

ngaHa PR S G uhh SHVRRtR e Bt P AR e dlgn and
défscrIHé& with fef&mece &H‘sﬁ&%@érﬁ%diﬁént@,qo ghdutdbauh@stbed b idse
the transmtter portion and, the
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.

[0071]  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 sendi ng,
wo oooslog12RFI D transcei ver 100, data for transm BEI/66G2008/000030
(Tx_data) 116 andserial peripheral interface (SPl)
circuit control signals 118. The MCU 104 al so
processes both in-phase (I) receiver data (Rx_data I)
120 and quadrat ure-phase (Q receiver data (Rx data Q
122 fromthe RFID nodule 100. The crystal oscjll afor
[0®R] i s TiseBFID gysiem d80 amsltléQﬁ e REHrteamsesivar ok §fe§H§PHY

128 to the RFID. nod d
SsERpEIct i & Toseall k %cﬁﬂ A‘b%gsﬁa{rﬁﬁﬁn ?&ﬁatglf 106, a
ik Rittdraaenet Meif/Ri)Q@olhﬁbrblﬁnuBHLhrﬂ\eqroWem lagmhﬁdl @aa A68s The

0076] Th
Qﬁ%]ls mﬁ%@fcra{?%gtmc\ﬂ:vtpﬁmdq gﬁaﬁjto &3@ &e?_f;lge% %&?] 15 aé ctted Wlth
tilr d %ﬂ?ﬁls@éug@{xﬁt Q 21 2Zn %ﬁe&@! ﬁ‘r ﬁ%bﬁp ldatathe enmdm |saladin unit

e recel ved in signal 12 The Tx/ Rx
1 Qotoatramsmitusignalg (Px e @ﬂ@ ulr?és ro dthe tWéDt fransesiver 08 and g tend

Redred s G SRR st Rl RS o Chove o

bl ock | evel represent at| on of the architecture of a
RFI D transceiver 200 bujlt j orda ce t .
Wi it RBID hescpive L iehident aRemine: gtk B9 gnd a receiver

r1 ﬁf' @B@F}aﬁsﬁﬁ&eﬂ B Bc&a@srhsﬁﬁsé/ﬂfap&q@mamﬁmmeph the

ace o ID transcei ver 100 of Figure 1.
pﬂ@aeq a FlzealRe| D transmdtéasi 16 inpdjfferent pigdefined frequgncygtanges; a

glgé'{;lgéozlélgqot Lt u?a% e heag?&z Euggg% be tFiﬁ@llmtie@Ol@ﬁpllﬁﬁﬁ 6ne of a

synt and a seri al
ﬂ@fdl}]ﬂ@g g‘ai[srggéﬂr&df frequefiGP | hnggisr cdikie RBGiver patRed8? vigeludes a
pa 79] ,The, recejve t 202 I
Heuohiici 1] AR SEG G S0t 2 o8 ppgior of
g,f@qeﬁl&aq;eqhéﬁc?rm§e (Q mxers 212i (1-Mxer) and
M xer set of | and Qamplifiers 214i
and 214q (QAMm); a set of I and Q

Anp)
g’i@se' liat] acﬁfta{xtfa tuFrc(?a g%':)w(ﬁélt Rin Hebwéerthe RRABNEAGDortion and

varl a € galn
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 (VGA) 2 18i (I1-VGA) and 2 189 (Q V&A); a

set of analogue to digital converters (ADC) 220 and
wQ2@g/09a28@ an anplitude-shift keying (ASK) denedirb&r008/000030

222.[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 anpllfl er to amljnllf the received signal 124. The

sehild parpherb igpdacst & POncizcuf gmtrghusmﬁédésor The MG gtidnalso

PEreP o rn ey (b0 s 8 o8P B 20l 0 diBfsfucbrdedtQ)
r@:eréfoataZQl%q d@uat@)utzz ﬁbm the lRﬂIEoknbabale é@@e dhievaeysital mgtidlator

e comipiee A BB IR FiTebaBie] 1 8 5o ki hplodti€1o0

And AR 2{BbnBE of b@h@ﬂﬁ’th@sléxﬁbéﬂiﬁ@ﬂﬂ STHd! @ACOOPhR6lS Cor the
respective inputs of the |-CSF 216i and the Q CSF

RABYtranshéiver 10Ado bergsdrozerdpngandisfance 216i and t he

Q CSF 2169 are connected to respective inputs of the

| -VGA 218i and the Q VGA 218qg. The |-VGA 218i out put
[0&76}0U pTI&dtrzhﬁmtttm T opesphal d 260Ca 22fer isigpalt madwatedh evith the

ASK denodul 2 h 8
1 daipu gl Vet (e orias peloD; vl Rpedacq bR dre iy data
A HEIROHbAL @k é2vdd"RYtin QB804 Thhe! BARKVIE6lafd@ tnit 112

202 uses a direct-conversion architecture, since the
emeuiss that therfrrmsmitted Tx_autaigmal 12vand he tReeiyed Ry aisigngl {24 are

Si g{%a 22€8achhf0Eh%g1 an RFID tag 228, where the

&S gnal 228b has the same frequency as the
transmtted carrier in the transmtted Tx_out signal

ot b i SO S a RO A e e LB Sy o

AR LE&EI00Built iR At @Rdhncé B ak NAb3dithens of g g@&dt hﬁ'entlon It
achieve high sensitivity in the |listen-before-ta %}]
wilBR apnyeriatad thah ﬂgrmflppmnswvwo@rc&a e sekincRipte BdpR\RID

IIP3 N {rode, where a control signal LBT/Talk
Cel %ét()getftﬁ%l#nes the respecti ve i nst ant aneous node

(LBT or Talk) the LNA 210 is in. hi the enbodi ment

Fi the I s _desij
QfchBrEkBH FarareraoRdes et aatlnee Haspicer et
20MA 2 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 I and Q amplifiers 214i (I-Amp) and 214q (Q-Amp); a set of I and Q channel-
select filters (CSF) 216i (I-CSF) and 2169 (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 Iisten-before-tal k node

and tal k- node under the European Tel ecommuni cati ons
wE@agenses | nstitute (ETSI) RFID standard. ThepdMAGR28000030

is switched to low gain for talk node and high gain

for LBT node. The LNA 210 will be el aborated upon

|ater with reference to Figures 15 and 16.[0083] In a

RFID system RFID tags are not battery power ed and

vvork in_a passive node takjng power fromthe RFI

Qa%@der Therfax i gignal dAg Entess the wppierf %LNWZI&WM@@@@ 210
r Ad J%z%mgog&ﬂot both wspé&fv@%fraﬁ\{@ 8P HRY- M@ﬁr BgSSineQ! F&'zﬂ;ﬁr 212q.

sitivit Curre avai | e RFI D tags have
Blensthei mcmyerqfaﬂHZQﬂJmludi@atdlet op@@ﬁ@}lﬁa—mw mph@(tﬁe ireceived

P38 The P a2 &5 ofeetf in 2 Mgk REn % 5L p Jor g 3ae

depbhdieg o iheqliff@smaptiaieh yoded ¢ (RORFID Ahi@sseiveoxnl
oscillator signal (I-LO 234G and a quadrature | ocal

oscillator signal (QLO 23Qg. The signals I-LO 230G

L- | '
[g(?]ﬂél] ?h e’ﬁ)lezl I\h%cg% 2@2112%1,& %@Qrﬂ/ﬂ&'e 91 Zdn(ghtfngﬁ g{e'\é gfed 2 ﬁésFectlve

inpuats QF th@dad\nm% # anglt the Q A@)o Equc@ncin@Q gapkeyed dijyct (DC)

ik eBalRe PRt ok AR R4 B B QI P Bort oy copgled

tRirtdpettag idplts off the INGSH DIFpi and HRVBCSIONGqC hANE i difputdlof the
the 1-M %‘PrZZlZ and the Q M xer, 212q, so that the
rCRF 2861 ancpthe -Gk qplbaame garmsateddp gﬁ%ectmmammgh%l-\’%

jd 185 3hd did bef/@ﬁt Y Bq. | RO @W@ | gﬁl‘)utg{l]ldls &oapedng t}ée respective

fferential 1n-phase signal M Xer q
@D@@wempaha@ahpASstwlamam atmumgvlalefthe &VGA 218q output

i.ff
SR b SresBAS AP Lol ARand G B0 S5AR UsipL 2 joout
bl ocki ng capacitors 224 help to block fixed DC offset.
0086] .I.n anot her di nent,. a hi ass filter (not
léw%im -W!Pepregalwef path B hsss o 4 F@ﬂftép’gmf O FHHISFUESp 8 4the
x‘e&ﬂlzér%iﬁﬁ R4) i I\/%TQ? PO¥ERdE E&ﬁscraﬁ&eshg‘r?a'l 2224 $0R%4 RFID tag

bet ween e’ 1-Mxer 212i and the Q M Xer 212q outputs

Wi fhe hasfeeiar WETEL YRk Bscihe SRE GTCT fgle tansmitted
PR T D PRSP 0T B8RP PG comvc
thapaeived signd Rk _(-signel @24 Yo basebanh gignalpuiAlsoe ai the mcsmaf 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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the respective I-VGA 214i and Q VGA 214. Hi gher order

hi gh pass filters nmay be required which can be
waele@BoOyRa as 224. Referring to Figure 2B in coPgT/BGLH08M00030

with Figure 2, to reduce information |oss, the corner

frequency 270 of the high pass filter is designed to

be as | ow as possible. In designing the corner

frequency 270 of the high pass filter to be as |low as
ossible, the settling tinme increases. However, RFID

3983 oc dnsa KFER wtems SITRHags prgnefebatery oAVerHAdevork in a

t t 0
L g T T
@Flh@ RED @22Rasusitvvityarathet dondy the phisiveaR Elorender sensitivity.

St B TR W FRLR g 8, 222 1,

tunable i n accordance to the backscatter signal 228b
data rate settling tine. For exagp t he corner
12b

9984 u e nblye R 2008 eannled tehe EMier? 1abend the Q-Mixgs a4, 5o that
t?g 'i’;f__ini%olgrggﬁgs ﬁx@qlﬁﬁﬁé} ??%/I il ecﬂg gf?/ﬂxer&qgﬁ Qs&gﬁfvgww an

ure since t xer
mmsmmd alicillator stgnalv@rlgd)o?B8 Grackhiat @etitates lodalibsojllator signal

GLLDTEAMY Sng sl BEDLEM P ThETR oo Mg im the 1

Mv&ﬂ@l@iléhd th -2 124,46 tHethlm%am,@u,wftm anC@Hocal
16q, the |1-VGA 218i, the Q VGA 218qg, the_ ADCs

esailatoy 04 O) AFrguensies somplensdoli Mt %Fﬂ%zyduteo%f@a]whpﬁfethe Rx_in

Iy R ol Rt A 28383 b R g 220
Hirepnixiyg sdhéevesidpui caivgrsain 12 18 k- Maxar 221 and the Qshlixer 212q, so

i ffer i al,.Ln-phase si second .
e e B oRRERE o e O PIEETEER brat ooyl
phbdd signdl addRkédoytd tifRreantibPidtphaseigial 2ddbthe IpMing ZIB@ provides
first differential quadrature si naI and the 8 nd
W PrgPestena) 2&%%%% dr 81 @ﬁ%ﬂeyﬂ rgtdEage Gignak gpd 2 sepond
&ﬂkﬁgﬁﬂqgggq ﬁhomn in Figure 2, the |-Anp 214

and th q each provide anplification of .

around 12dB [0089] The 1-CSF 216i and the Q CSF 216q
e o Saapel s

[@6#& yi nge %Ez al?bioc%tnﬁ c%&eacetorg%gg hEI% st g\i;“omtc]:ﬁltﬁ%eiﬁ:ﬁ g

ei ther the FCC (Federal Cbnnunlcations Cbnn1SS|on) or

t he ETSI
[0086] %n agl er mb thent 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 212i 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 I-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 corner 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 ecommuni cati ons Standards Institute) standards.
Each of the I-CSF 216i and the Q CSF 216q have a
wo evalode3pass- band frequency to be either aroupd/SRQD08/000030
kHz or around 1.5 MHz. The tunable |I-CSF 216i filters
the anplified differential signal 217 provided by the
| -Anp 214i, while the tunable Q CSF 216q filters the
anplified differential signal 219 provided by t he
Q Anmp .214q. [0090] recei ved signal strength
GoRREHeasion eresegols. o T h% sharte ﬁé&a pseasRitie msaRs thahihg RFTRJag 228

2 gﬁ gétdﬁteét%cr! |wlﬁ‘ﬁ]xga%gg?t@er s@ H{rj;@ Ai)hugmcﬁ d@l%cpﬂh@qaﬁD f'ig 228

e recelverpath 20 etect the streng
\ﬁh bacskisgatmt mofinletion, it hleh ;pesst fiiltee ienbhds tuakblb i e¢00n@nce to the

SERSE SR hal 21 B R tund o Fon bl B Bradt egproncy is

dhbﬁ%ng@ ibe be@fech abdut 5he alquV(fG\pgrl:Sﬁt ol Babkschdt Y Edqddidg. t O
i mprove the dynam c receive range. Successive

detection architecture is adopted for realizing the

[gq)@z?“ (Ui We'plgdrgﬁ sihd ehé Ig@fxepgﬁﬂ g& ﬂfa %&E@ﬂﬁ% have

|mt|ng | er’ conbi he
di@ct-cdnvemmn@rcmwlmss dulfy diféarentifh archltmtmne ng chogeni for @palog

desi use t he same _archite
SReP Y PR e RRTRPE St e 2Rl S E o
tﬁa f»q:se?amhl, ﬂlié)@@l‘ﬁ? 216y, ted-echorlisiehd QsVGAD1i8g, the MUYEs 220
a 60dB gai in the receiver path 202, with control
qnéﬁé@%@pdélkf‘o/é?KﬁSm&ﬁ?ﬂafPﬁ@ 4-VGA 218i amplifies the

output 221 (having the filtered first differenti al
i nphase signal and the filtered second differenti al
[(0488hhaskhesl-gmal 214 andrthd1@~AmQ8H 4@.18iting Bh enteny@iate figguency

P plmploc PN ey o) Ol Bl PP el s

dit(‘)fgxfg%iﬁ ﬁirl]-lpﬁksteg’mdr aiduhe ls&ogg ﬂifferéﬂtﬁghhgla@ ﬁ@igalﬁ dfattted from
The_o gnas 5.an 7 fromt | - W )
EiéM&ﬁa 29%@3@0 %la ot s%gﬂa{j@i S Kbrving He sk dfferenta

cﬁﬁ%ﬂ?&gﬂé 3okt grgizth@rb@ccinlaedff@l%ﬁﬁﬂt dpiéﬁra %égl?ﬁd’i‘@ he?@Mixer
hus, the ASK denpdul ator 222 and the 20 an

22qn In dreetnreoditentshpwvi fin Eigufd 2tthe &doty 254 aadl fieeRedmp 2l4q
% POTRE BB FRNNRIPaP P hhase signal (i o
out put signal 225), the

[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 214i, 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 anplified
wo pdoserrae0 second differential quadrature si gnaPCI/862008/000030
out put signal 227). The ASK denodul ator 222
denodul ates the signals fromboth the I-VGA 218i and
the QUGA 2 18qg into I-ch. data 232i and Qch. data
232q. [0093] On the other hand, the ADCs 220 and
22Qg, which both may be of 10- bi t configuration,
mio202ie ditgittthe stowefuelstho signaktfrnp Siegrespsetiyy pitp@pl blocking

BoSFPR M it b B By AREEARAT fof L Ros! bireit may

RARYEd @ntrdDGe 276k oElanthy retIeV @A, 218 ahrakghe ri»maskl 8qitg fraprove

rqovi ded by.the 1-VYGA 218i .to.the I.tal

£ émmlg 3§ﬁewe@pg€h uggessiye ﬁi‘eéﬂ:alon gutsca'%rg rl%?c&pge%afgr realizing
e %g&tmlcd Iaﬁiphﬁ&c QR ME T doff; 30&&00226% 6RpE b Yindifing rh’iil;ﬂﬁier
quadrature si provi de t he VGA 2 18q

cmngqmeail wigua dsl Wgyeeregql@en‘@pd m fass |ﬁltew'ﬁh|e ligpiting amphftler design
pregci at ed ot hat
PREROE S5t 5 FIRE A E R IGMHr oy BLE 20 T

| CSF 216i and the Q CSF 216q, to neet the requirenents

under terference c i.tion f.i bt h th .

(BT ¥ Cpcp (6 il able oS3 suBATe i e cERIgIen: phigem in
BehRY % G g Gh 8R8%kcdif PattB0RVithedontrd! fdfe 6ﬁh1mt 48 dB.
refer Figure 1); while the outputs 234g and_232

Thee-RGAI 21 81 @ulgesthe ouirpe2l (Evig: e Hilterqdoist F&ff?ﬁ@tla in-
phas Ceg Iﬁf eglt P o ﬁft%g% &S5l VB freRA ﬁ%a@ﬁg&%@) €33 e 1-6SF

e conpare O usl ng a super tero
B6Ehi Thet QFEGANA1 & hingplifiss ghe exytti 233 |(havmg phqarfé@red first

hoyt th conver si o 0 I nter nediat e f
‘i\‘ﬂf guialgpe P@E&S%Fl ?:Tgltrlt]i‘ éﬁ%r A R %F ureéltl?:o at[ai:rx £igpab
M%@QQ@!SIREl ' gnal s to base band signals di rectly
whi ch neans the LO and the RF carrier frequencies are

t he sane. Amother advantage is synchroni zation is not

@ﬁgédul ¥ on, Gtt %E’galgs?%ﬁbq?t?g?z&g}ﬁgg?? %Qg}pég@l and the Q-VGA
bmlearb aet.to Both thed SK derdoddl4spm2Rohes]. e seppectivh AADEN 324 and

b d cts th scatter

20 Ry 2 S5R Ymlu PPE BR LS P 2 0 R0 v the
shelifdd 22@kedC &Fdt| @ffefenegUBDghas@ndenah€inl oot signal 225), the
amplified filtered second differential in-phase signal (in output signal 225), the

amiplified 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 234i and 234q for further processing by digital
signal processing (DSP), if desired. Thus, the in-phase analog-to-digital converter
_ADC 220i 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). 1)
wae@ssm28d er path 204 [0096] The transm tter peCTISQDHS/000030

includes a set of I and Q digital-to-anal ogue

converters (DAC) 236i and 236q; a set of tunable I and

Q pul se-shaping filters (PSF) 238i (1-PSF) and 238q

(Q PSF); a nodul ator 240; a pre-anplifier 242 and a

power anmplifier (PA) 244. [0097] | and Qtransmt d
@h8ertandiDCARGq icroveria mnanplog qupdrpiu Her® Previdad ‘%)héxﬁn{?-t‘faGA

re.sent. .to their re RN E . heddshodi
Bs5S Wsplel Rl AREKE N YT R SyRbRad IR inARbodimen
SHo@nCiaUNEed 2t that eRpEDCE 220 adl26q afe tévégned PSEetR@BWith the 1-
andt he Q PSF 238 The |1-PSF 238 and the PSE 238
G5 s o o p 88 TiGar 8 ghest 06 PRUETRTST PG MicHbrence
&”@ﬁiﬂoﬂ% Qbectl in BH@ HOEOL ahQ the2AKTQINAMYs.i S coupl ed to
the pre-anplifier 242 input, while the pre-anplifier
wi ||l output the TX out signal 126 (also see Figure 1).

8] the .e ' t ' '
9% R B R ol ol (R PHE R THO D rotr
Figafd Uj; ik ®F duyetd 034 tndDATRy Rifi tharkix 2860Qat2e (also refer
sel ect ed based on a consideration of system
5’@9¥erﬁ)zati on between analog and digital portions. The
DAC 236i converts a digital signal 248i to an anal og
signal 249i to be transmtted, wherein the DAC 236i is

coggl ed to the pul se shaper.  |-PS é38i such that the ¢
0A%3log Theymeghitpettie b Mg TacPiyRs Rt & PaYship SR8 1q oiesrate

drchi $le§ Ae@Udki®nan chi
P R THER ool g i

hrearveittiont g, canlversionrio taninoracdigs draqgensyuyinasd The reqséver path

se.shaper |-PSF.238 c Si: .
31 S50 G T Ao B BB e
{xdaPo‘ﬁFmt%_&%q ﬂ}e[ Q@g 911(51 EB))Ahgfs Rgg%aﬁg’erpfdrquggcidmtam et sarhe tAsother
respective |_ang / n , .various
Adbeaiage i Renc bR lswﬁeé%wwstﬂaéaa%& brinches for ASK

aombadiseer s stm8YinB Uesign 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).

1I) Transmitter path 204

[0096] The transmitter path 204 includes a set of I and Q digital-to-analogue
converters (DAC) 236i 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 2364 mnputs. Theland Q
DACs 236i and 236q outputs are coupled to respective inputs of the I-PSF 23 8i and
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(DSB- ASK), phase-reversed ASK ( PR- ASK) or
si ngl e- si deband ASK ( SSB- ASK) as desired, by the
WO 200802R23€onmuni cati on standard protocol s usedP@i/s62008/000030
the 860MHz to 960MHz RFI D band, can be realized.
[ 00100] These standard protocols are, for exanple, the
EPC (El ectronic Product Code) Cass- 1 Generation-2
standard, where there are a nultiple-reader node and a
dense-reader node. Under the EPC O ass-1 Ceneration-2
the A @SFd238gheThe tIASFnd3f sandphei QyPSH 238y emputs raesoinpled to
ctrumrms and di.ffe ttransmt dwi dt.h
PREEVomeRE of dinpdirp AN rid AoRThr TR erelediq te
P02mpliied 25D apul, ivitleaho bheimplefag erilingisut Whd TX2out signal 126
respective transm ssion spectrum nmask and a
Elsasendigeredn: bandwi dt h. [00101] For the RFID
transcei ver 200 to operate within the above standard
protocols, the pulse shaping filters I-PSF 238i and
(PPREF 2138h|e embodmeet showabh &Figuee 2 cttie A 2361 aadh 2o Baven 0-
SO t

SR pHE iR WP e et pRE L T Y BTR H A g oe

seRefidfbassl &ya thRideREPR OF byttens b@lﬁlﬂ%ﬂoﬂb&ﬁv@é‘r@rﬁlo gl dhd digital
thi s enbodi nent shown in_Fi gure t he tunabl e pul se

?}}Sn gjf heipAG 2361 copwrtsymdipita] signel W@@B@aéﬁgeslgnal 2491 to be
(Bl m k,@g;eﬁl ARIIPLE Oztsgf REAABRA o ?%Fﬂﬁul%é ?hfapgﬂﬁf@sy 898i such

for
thatt @n maallog miguhl 30id@bs ttmnsmitatl id S@ppiield to Q0P b stmper I-PSF

0 e t ivel ond enuati o
3 Abe HACREE ot i SRm P58 Meh Pilap gt Ao to be
thansinlteyd, whbid HBSAC 386q Ebl’kd)ubféﬂ 16l 3 hepdrd EBIE238q such
spectral_ spur jntroduced by I and SDACS 2361 and
tlzetaf&e apglpg senalyEto4i tpsbeotrﬁn@w&te&rlé sPRRiEee ip dhsopuleshghaperplsPSF
%%g and the Q PSF 238q are shown in Figure 24.

102] The nodul ator 240 adopts an | Q configuration
to real i ze 'the three nodul ation scherres, DSB- ASK,

SB- ASK. (Fo : ASK a R nby..th
[F@gi ot ih %e? 1ng PIoper (Bta {’%ﬁﬁs &yesky EI: Sarlxjdsﬁg EJ.A%O'J%%I Al 23 6q,
RhBuA Do dulrions tsbentesamamelys dcdblﬂﬁliﬂelﬂﬁldt heamnplifdde-shift keying
| at or 240 ar PL [
6[1)08 uASK phase-rever%e({1 Xgl% gR—AElg) or slfng ggidlel:?anﬁoAﬁ ?SdSB-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

bandwidth.
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to the nodul ator 240 to provide an in-phase radio

frequency oscillator signal (I-RF) 250 and a
w@eadog2er e radi o frequency oscillator signal BCEHRF)008/000030

25Qq. The I-RF 250 and the Q RF 250q signals provide

the carrier radio frequency (RF), having a predefined

or desired frequency range, for transm ssion. The

signals I-RF 250 and Q RF 25Q0q are nodul ated, in the

| -Mxer 212i and the Q M xer 212, with the |-PSF 238i
[08HH 1t hEotmsREIRgHansGeyen 269 fAapreraip t withingthe above standard

ARAGIBIASHAR, o . o 485 ORP3L5 P et

redboe dBmtraﬁkm'rssiom frendwislds 5o tthar thpabdseb?ﬁé Waneffdrer spectrum is

ilﬁri)c' ts td fi? tri%ggteva ng%nsmnihg fﬁ%?s?ngecizi%%d tkgrethe respective
sﬁﬁ@e&d lpPﬁi&Iol§ rm\mS embbdigieneshdwntih Fidore 2ZAHe Rk @arse ghapfhg
dBm | dB conpr essi on5jgsor nt out put power wiith a gain

fiktgrst I OYF &3 8izand R ST 5P %FWH@}ablet tReseleptathser Rase bargflftcrf 40
K284 s TRt 4Hdl ] %@fmi‘fdr?‘%e%@ﬂa@ ﬁtﬂu%t Rlst 5 Patf}%"d&’%b c{)]ipstarts

attenuate portions o ted signa
at r‘iémKert 860 KHvherde750 Kz mspeetividy.orA §evond sttemmdion of 65 dB

SRR 5 R R, T

AR B Q-@’S@GZ\BB@ Cerhdr@tspedeil %ﬁ%ﬁdﬁ@&fﬂﬁﬂfémaﬂdtj DWCsP36PMd
244. 00104! To neet ETSI standards,

289 nEwihey details gn the %@lvecyr%e%@rter\ﬁFt%ﬁSbﬁndarhs RrESFPGdmare

RwiRd8 42 khe 1isten node. Under the ETSI standard,
St estl ngg%o etermne whether a signal is present is
based on the detectron of the presence of t he center

ue |.ected
oS AEY Pl 4T FaaBSh i T e R IR gl e threc
ndduREbe| dhbvye! DSB-ARIOUPR- Q8K Band SSBAAKK. DGrVDBBacgeK and
will also g\e obt ai ned under direct conversjo

P aSIC Iopi, U Aoy e oL BRHIG0E 200 et P SIS A doth

RV SR sbédon§BKARE-O Ehotdlafatd}' 248Gke GQAYET Th@PLL 206 is_coupled
architecture, thus making detection of the small DC

toy hietraeylator 240ctalprovidoan oa]rharwdrceﬁrqumwegscﬂlaéqrrﬁ@nal (I-RF)

@ t%ﬁ%ﬁ%&}%@ a[(llgoe r&eﬁ?%os%&'@{tc%es%ég 55 O %lg'% RB%90i
aEdl ghe (Q RFt 250detigadls tplﬂ@mbaf dse bareieo raddo kfﬁaqk&mgt(d@) having a
gned or2 eglrgda %[requ ncy a?r\é\g rfmlr tergneslmlgsgo%lfl rlijhet sqgna shfﬁl%r}%m and
Q—RF 250q are modulated, in the I-Mixer 212i and the Q-Mixer 212q, with the I-PSF
2381 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 attennator (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 nodes are used in the

di rect conversion architecture. [00106] Referring to
WO-2@an0e122C i n conjunction with Figure 2, the fPeCEBEG208D00030

node setting has the data signals I-LO 230 and QLO

23Qg set to the pre-selected channel frequency Cn when

RF scanning is perforned, i.e. the transmtter path

204 is switched on and an un-nodul ated Tx_out si gnal

126 is transmtted to verify that the RFID transcei ver,
r2@ive the openktddrsignat 232e bsrtensmitiedt dhe atenvaer My RdResIve

Cn. xt, the. RFI D LV IS swtched off,
dﬁﬁ’&eyﬁ%ﬂp%ﬁﬁe@lﬁﬁ enfléergg{}\f?ert}ggé‘%g%gz i s switched on.

The software will set the local oscillator (LO
frequency to adjacent cha |.s havi.n r enc e
(O0A04) v deumest AR AP 8 R PRy (o PSS BV sensityity of

Dbunde 9888 m( Gimdde itCihe I&ten mode.) UndaNthk ORIt dhdard, testing to
pre-sel ected channel frequency cn. The RFID

deteamimeihather 20enal is|presenttiF haged os t]@e),@qt@tipn 106 g@rprt:qqgce of the

vari Qus adj agent ¢ n - +2) .
S R G ISR e S o o BBl
PovRe USRT MrobAd itlke thedsheldddvel [lf@ROR]-H6iBirhe scdnRCi wltage will
where the | oc

] | .oscillataqr freque | s.set to.either
by b qitaiged PAST QP GPmYeRERio RS ARG TALRES gy b5 PRtreed
h 9@ okh& J&ﬁ&dﬁ)‘g] Rateedo qg&ﬁ%\?ln the aab@neMvaEiph AechREdthte, thus
transceiver 200 will be able to detect the

paldng détedtiondf theesmedl DE velirgsriifficels, as the pre-sel ected
channel frequency cn is only offset by about 20CkHz
fromthe local oscillator frequency Cn+l . The | ocal
[0B905] | alwe tdst amden ayingfextehml RiftvRre camsy off s sig@ds WLO 230

th b t to Cn- . ff set
PR Cang #Based s RETBErSir e ool AHHRRE o detect the
SERALEEY ba@ﬁéca%tﬁr Y8fal 228btHaRIngtaiR WRF Vel drangiche teeshdlilevel

still detects e pre-sel ected channel frequency q%gtécmre

SirboeiredBy  Theriwo test modessasp Psegip therdiggl ROR¥SISIGR af

RFI D transcei ver 200 will be set to the pre-selected
channel frequency Cn. [00108] The second test node

[E0H06] NgRéfasinizhe Rigral2Comcédnjwicton witoltigure )2, g firsh teph mode

i o G et L BraoRes BTG R0 sef MR8 Do IR channel
EBGuchéPRS Mldne REPafnidl 4is | gerfofaed; N.d. tthe gramshtdr kjdth 204 is
clock 'signal 116 fromthe base band. Wth,SS(F o that th
swoichbedon ond 2n we-needainied T out ignd J20 45 gppgmitted to verify that the

RFID transceiver 200 is operating at the pre-selected channel frequency ca. 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 (Cq+1, Cut2, ---) OF lesser (€ga1 » Ca-
5, ...) than from the pre-selected channel frequency c,. The RFID transceiver 200
will continue to cycle through the various adjacent channels (Cn-1 , Ca2, Cot1, Cns2) if

no Rx_in signal 124 having the pre-selected channel frequency ¢, is detected.

[00107] In the scenario where the local oscillator frequency is set to either ¢y (i.e.

the offset frequency immediately greater than the pre-selected channel! frequency cy)
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126 will contain the pre-sel ected channel center
frequency Cn. Along the receiver path 202, the down
weovseyed signal (i.e. the signal emtted froPeT/b&2008/000030
[-Mxer 212i and the Q Mxer 212q wll 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 €n for normal operation. [00109]

the REF FrﬁgSGFUeﬁ%\W’é‘ bg ablefa degepishe prenselested charpbirGgieRey
' vo L [ ,

g Bl R el 85 50O 9o, S 19 BT o e
locd eodcilbgorpifiaguepeptc.ghoviitle, lovakiasgilibloe Séymency pfnthe RFID

PR B R AT et o5 ot B S PRI Belieped PR g han

tH® hie-eDRACEhatitM] Freqhiédc) Rl vdriFpBhas YR REHED Z@hsc2B8r 200 still
({9&?110] The dual | oop, synthesizer 206 generates the

fsr g We-spleeiadrchaeg! ficadmency, Swhseqncpte fhe)lppal oscillator
' [ . tal Mat.NE
GeRRRGCOL Ty AR TR RENA R g e 8 R0 Shanncl
frdyeedcyRE. 250 and Q RF 250q signals) for feeding to
the transmtter path 204 for nodul ation, and to the
recei ver path 202 for down-conversion through the
[09iLa8)al STHe-debdrdi3elt radE it 3 Che kuthl bRillat! dduey deh® an
dual | oop synthesizer 206 architecture is provided
qiseefreqiensy pethsrpeeleted Ehagmelkcenter| fgqueamy ca, for example, 100
e CAE LU bl @ Qb bhey A BRLLAARS 45089017 Mk
conmuni cates W th peri phera evices via the SPI
signabt fafrem2B8bast hendSPWithriSH fiadwdathds thertoanséted Tx_out signal

rogramuebi ity and control , of various aspegts of the.
B PEITFOIRGR ahe o255 50 et S N RN EP Bl g iy
pggiémz, the aewe mﬁ?lxae&?ted signel Gk. fhb&figﬁaﬁbmit&ﬁ [fray i BMizar212i

- activation/de-activation t he var.i oys

%08 o Rbizer; 128 Ot} e o 1UBrids feateng hishas deipgieklpdy the
KPP RbeiRat F002a%e 160caE QRS RANE FBQWREy WRaR REES @dnscEtRer 200
SPI interface 208 allows witing control & _
voilrthérgs sitched thetheichiannel cenfier REquRney enfotrdryat oxQTIon a
the mcro-controller 104

[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 230g.
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(Figure 1). There are 20 shift registers which are

used to fulfill different requirenents of contro
w@omvdiopizams. The SPI circuit 208 may be a di gi P&l/SG2008/000030

circuit synthesized from Verilog code. [00112]

Different RFID systens, built in accordance wth

enbodi nents of the invention, are described under the

headi ng "Qther RFID system enbodi nents" Qher RFID

system enbodi nents [00113] Figure 3 shows a bl ock )
Huethet deteip oasibetiasli loop efnthesier D06 RachitoctEreciguaaviged later with

IdentificatiQn) system 302 built in accordance to an
1@%%3@?H§%€w@%nthe present invention. [00114] Similar

to the RFID systemof Figure 1, the RFID system 302

I ncludes a RFID transceiver 300 electrically connected
) SR i fasperetibS ol | er (MCU) 104. However, the RFID

SC i HIRG i i ia the

S R B e ek A
SHadtetfacd 2@ sTihe SPhintesfagndD8 plovidastpragemmehilite andy eontrol of

ant enna 304.i,s ed to receiye ckscatter. si .
S35 Feiis Oh oA rageds 20y iodh o B ehhir! PHE i pyven
ﬁ%%eﬁz@eéetﬂg 3Dthevdial 14t BtlieBized 206 sstitRibn[dQAtdtiofihe the
RFI D transcei ver 300 has a _sim/lar architecture to t%g
REODs cpmpeicatsiarboplp thegransmiffar @ath 2043 pad s FroRwRt Rath 202 to
' ' Ch e 5 R@diting control &
QRY00 ol G ToERAS ORI SichleSo D08 alidls NBine cout
@infigatatid® 4atd intod the RIIDappnsseivat @80t viat the Hpicraeaitipler 104

0 serv the s ctions as.t.he , e

GREe e THarsicrs 220 PR oERE GRSt el 0 SR lHRhen
FegGidn¥étts 3£ Qo dohdieisnd. NFhESPI kirguig 288 mAAbandligital circuit
subsequent |y performs down conversion to obtain the
symthepigedrpmaY@ileserdsuadr at ur e- phase Q data conponent s
fromthe Rx_in signal 124. Subsequently, the I and Q
data conponents are either digitized by the |/Q ADC
[AHROR] 22Different RHIE) systetes, dugt in aeqprdangeivtip smbogmgni® of the

%%gr%io%,s g'r% ;degcrrib%&] gncier %qme%igga LBuRPRERY gﬁtteﬁn URH6ERnts”

-
C

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 denodul ati on to obtain the denodul ated |-ch

data 232i and the Qch data 232q. [00117] The receiver
wR1®sadrso sends recei ved signal strength indi ce€D8G2008/000030

(RSSI) RSSI | 354i and RSSI_Q 354q data signals which

provide an indication of the strength of the received

signal Rx in signal 124. The RSSI | 354i and RSSI _Q

354q data signals are used to control the receiver 310

g@dﬂﬂ/' aThd q%ﬁiHAn%RA“cEfv‘é# '§d09 H%: 22 &Bnila OB el getg' ‘E}fea'RFID
sci'ffation frequency o I'D transceil ver
atrasctigerc2itt ofdifeel 2othine cmapdmnts Hraving Hika meferches maherh.@ are not

330 tola%sw@éch 348. The switch 348 sends an
aﬁﬁ?ﬁb??‘F@e'ignal to the nodul ator 240 so that the
transmtted signal Tx_out data 126 is transmtting at
the externally control | ed frequency. Further, the

J0KI6h 3AgeedivrS 18 msekiss thepRk dpsigatlel 24 g avill g appreciated that
rg‘%eﬂe}:'ﬁ{}?{?ﬂll% [y Q}Qﬂ?&ﬁé“f&{c&ﬁlg g h‘%CEN)AGE'loS' ?%%!iefwe I

e externa contro requency.
aMirerlZdoanB 42 Q-Mixet 2IPgai.edhbetoseen 31 amphﬂeﬂ the &Rx M@ignal

t he PA 244 Th Tt t 342 | d
© Wt S5 bR Bty ReSRA VS cPrsicnis pRaBaRe EghoB)1 S e
F Gl uft SV tal2b@iDbndrey PbmIROR SR Rghkl 0. Shb2eqfie the

di o Frequency ldentification) system 402 bui l

a@%ﬂd&ﬁk@mwnaws avesiendigitized by Hee %Qe%%ﬁtﬂpﬁzf?&attp @htam the
: r%ﬂt?zui 1188, R ; %%@yg:ﬁmc ?Aﬁ/'d?cthéjqeﬁdaQ %:lc%corﬂponents undergo

nscei ver connected™w t
MASKABBSK rdeiiognlaliddCld) olitdih, the hiemtodelatedi kdheddta @321 aret the Q-ch
(g4/2$% isolation unit 112 and the filter 110. The
f 1 %10 is also connected with the Tx/Rx isolation
unit 112. The antenna 114 is coupled to the Tx/Rx
isolation unit 112 to transmt signals_ (Tx_out)

A0UHR7 he Thg-reseiven A4 clspe pendp gecsis t%g%aérﬁaretlﬁb lnnéleéméHSSD
SRQQP'ISB%_ah&‘ Riskt Q%ﬁgeda%:gi@nﬁlﬁ %ﬁ@l? Io¥&hde A0 - indiPREAZd s the

he RFID transceiver 400 has a sim| ar architecture to
tﬁeen@tih pf 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 conponents having
i ke reference nunerals are not further el aborated.

wQ 0@%A%230The LNA 210 receives the Rx in signal PAREG2008/@00030
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 by respective

ﬁ’l by Lefrzélrg%“ ?\l/g %d?ﬁoci(glﬁ Crig%pggt aSS? géﬂ{i e(&%gianrequency
qa&ﬁfﬂcﬁ%n?) %%énphof IHHE 8n AcdPRYanb® té‘sa%derfﬂfdlﬁlgﬁ bt tHeCpresent
424. The out'put fromthe VGA 218i and the VGA 218qg are
dhvemgipndi gi ti zed by the ADCs 220 and 220q to obtain

the digitized | data 234i and Q data 234q; or undergo
ASK denodul ation in the respective ASK denodul at ors
Ad221]andh22 RGID osyetehnid02 t 1|ﬂelud&|m dRFHD eehnkesiver déi0a eR3&Rically

and the Q-ch_data 23 I the oqutputs 2
CEoEnostEsh Wit ‘i]i"Ft‘H’ér%‘i’n olfer @I 1%‘% tFaé‘F‘@i‘“eﬁ%gCﬁ‘rvéf %AWRX)
Vi hifont Bt th Ridtihe BB4% 18N SN2 3Rer immaldaeco{%fec%t@ﬂgh%%m
(al so refer ure 1). %O 124] Received sig

sisqlatingt wnit ALR- cg‘be ran‘(ews }4 i5i qonpled go MIx/msql@%p unit 112 to

q?a%?x%{th EI?aISS & _{}ﬂlﬁ) b?glf)l&g PZé 9{352]2 E%E&Or ea (I? glé%ttg dsend the

| regpvreidtsigniats B0 il 2480mtthe RER) sargeﬁwemm 405q produce

respective RSSI | 354i and RSSI _Q 354q data signals,

where both the RSSIJ 354i and the RSSI _@354q data

gmml S THee RFED! trhifctiRe BDG T RRORT sidlilhe rardifdetui @6 EUPORFID

he mcrocontroller 104 will change the VGAs 2 18i and

z:rapwlvaﬁﬂ@ of Gigupmp3.dlres eomwongHahveng kerojercgagerals are not
GESSPuEidet ection architecture is adopted for

rea 1zing the logarithmc anplifier. It is conposed of

five stages of Iirriting anplifier conbined with a

ve,r 'firand ass. fi The L ting .
Lot chreath onBirecifis HERE IR Sepatd2f 705 Mt R sigual
arralwifll &rddsbﬁe@bnvené@ﬁ thé 00426 2 1Phend threphagiRel 21)2qawﬂere the I
t he quadrature-phase (Q data conponents can al so

bate andrihe Qepliass Astacompanesty f&orgthe Rx An sisnalgi24 g swsauenﬂy
%&%ﬁe& By! J&%&ﬁ@@ %‘5%&% 403 Ih?Buq .«ﬂaetha@ ghﬁgd $hORA § filter

g are sent directl heir
r@ép écpalx/ef capac1tors such as the capacitors 224 of Flgure 2 may be used for the

filter 424. The output from the VGA 218i and the VGA 218q are either digitized by
the ADCs 220i 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 234i 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 405i and 405q produce respective RSSI 1
354i and RSSI_Q 354q data signals, where both the RSSI I 354i and the RSSI Q
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pul se shaping filters |I-PSF 238i and Q PSF 238q as AJ

448i and A Q 448q are already in a formsuitable for
w@e@smsesng by the pul se shaping filters |-PSFPCB8G2008/000030

Q PSF 238g. [00126] The RFID transceiver 400 al so

i ncludes a 0/90 signal generator 446, which generates

LO signals in O degree phase and 90 degree phase.

[00127] A digital application specific integrated

cjrcuit (AS]C) 408 provides a n' or and control
A0 etz ool A eebi e P scuroler | oGy fhe rpgrocontroller
aRr Kl ahge AV JAL2 Al dad 408q | 2B iAPste 1he dyRmrPleceive
208 of Figure 2, thus the ASI% 408 is not further

arpgsor Sneagssivin detgetinnarchitesee linadorterbforsisakigiye denlogatithmic

t 4
RATELT, ARSRELYBE b g 19 g RS0 AL Ly L.
band ﬂestlfaih)laﬁd tl@w pasy fildr. The likftidg implifaelevign i@ dame as the
operate in. v r|o Sﬁ%ﬁ‘}?s (e.g.: to perform DSB- ASK,

e SRINAM 1 ation) or to debug the various
conmponents in the RFI D transcei ver 400. It will be
appreci ated that to save power, the receiver path 202

H9425Ihe Thednohnse @) anshithe odraig plase Qb datarrgEpenentnednyalso
N Cfteﬁth ?ﬂtgg r%erg{‘e cltfvagrgf&gts{giﬁlﬁ OAZ_I A3 2%189%\;”3\# Sﬂ;éw tn%l'xﬁlﬁutter path
\ioen Thieentlag siz28s 9t A8 and /5 @4481;%&& san direc¢tlysto ghet sspective

P tanpad s PR 2di AR o b s ot aftiand A 4450 ar

| RAdY fni £RkinQRNatY $reFdQEsify %Eyl R phlseR8hing MiRe/RALHIF 238i and
éﬁtem 402 is used under different operating

#Ft238@s. [00129] In Figure 5 the RFID system 402
is used for |lowend applications which use | ow cost
m crocontrollers running at |ow MHz cl ock frequenci es,
(06226 n Thie R ADACEnAIGcr éﬁ@a]ﬁ@ﬁich(dﬁé 90198 s#nal gelneraid@46, which

220 Fi 4 RS its 405i
FreaGR L i@ oftate bhis P o) eRRIIHE Dacs 2360 and
236i; the ADCs 220 and 22Qg; and the RSSI circuits

405i and 405q.reduces the gé)wer consuned b)é the RFID.
W’A%’Qcelf\/éligl@b@PPlF@Flf’lhéPem Ijegraiad | cAcris {ASHe) 10F pEqyides a

Morditd€ and contro] 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
independently 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 mcrocontroller 104, such as a 8 bit
wor@sogsirol | er. A capacitor (not shown) nmay PET/S6HS/000030

for the external filter 424 to achi eve 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

sifag. i [ he filter .

RIASEE S et ol 8 shherbot B0l deftscl i e R¥D Shacio

glalaql;t@by dderﬁﬂ%atlcﬁj) dﬁys?iétﬁopff Elglalbm, h;vmnggllz RfﬁD@b@ﬁﬂ?}%iﬁ used

nodu on_an ase-reversed ASK nodul ation in the

rfﬁ“%ﬁf %&%Fenﬁﬂberatg‘lﬂ)coﬂﬁl&ﬂmat i on depth control in the

nodul ator 240; and v) noise filtering in the LNA 210

for receiver to inprove sensitivity. The DSP circuitry
109129 at ladFigyretSh e IdPosster: 402 Jérusqcbﬂorém-ebé@pplmnms which

S04 RERALOBYBSTLEETES: Ly MR, Bt SRR o

HeACsd64 end d3dir (Higurd@); VEsAR DZL &2 0b4td 2208 cQFgarem 41@ the RSSI

oV receive rapge. A |gh p filter
Ry Tas oS ok BR it St o dNAGh P bbgnds 230 the
ugBesf20i taRe B hAdlhd RISKEcirtits ﬁ@:‘ﬁ HRNGE5 Feﬁqgcrs the power
node [00131] The vari ous conponents of the Dual-1o0

b theRIFD(trweceiyey dP@s Farthes, )demodulnton, deriomidsy the
I
llijﬁﬁgﬁ Iég%%dgl)%n 2%7722 E?S aZ%igS[agoi%] glut?ag1r ﬁ%oﬁg b a)al stmpler

bhheedcohtukdr 10dpsweh ewtacld bm mlolfoccbl’(’tﬁ)l]af ClAi dapaditof €n@fshdWa) may
PLL 206..0f elver (see Figures

et tee PredRBRa4ALE HBiekh AL oBIHent of ¢ ho

present invention. [00133] The operation of the PLL

206 is controlled d%gltally t hrough the SPI 208
(06130 e In)Figumeed, phe RPUS systemr4 istiged forehigEpml applications for

g%x?]?x?faelo‘ﬁ rraﬁ%S%xeleQ&é"rsesw oR)mdid A & HSp gEg i 2‘%%%"1)5:121 data

clen Itrvity and 1n spectrum na
wirbdessifigyr inedigimgd [fdtering ththe filter 1 FICGE t@Eexdasttted 51gna1 Tx_out 126;

Co | cat i SSi he ETSI .
FoT DA krreEioB oAt A4 A8 ol Fpiig S b R SE Hhatasion and
tdasdtdveilse® ASBNEW il ANGEInf the Moakatel 2360V ol la@diP8dpth control

960MHz, which is the RFID band used_in nost
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 4059 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”

I1I) Dual-loop synthesizer 206
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parts of the world. . The PLL 206 achi eves phase-noi se
with frequency resol ution of about 5CkHz for the band

wo p@sogi2eut 860 MHz to about 960 MHz. [00134] HEESELN8/000030
synt hesi zer 206 uses a dual -1 oop architecture that
i ncludes two integer-N synthesizers 704 and 706, and
one singl e-sideband (SSB) m xer 702. The synt hesi zer
704 includes a phase frequency detector (PFD) and

SHGEAP R B Uk P05 AR Bt S5 ot o

VRob Y- 206 t0FQl REHD itkahddefler (346Piguréd 8-Gnshild $€Scddi@ance to an
clock _signal 128 (conpare Figure 1) fromthe crystal

ogBpedimentrof thrspresm vention. as a ref erence, to achi eve

| ower in-band phase-noise. In the enbodi nent shown in
Figure 7, the crystal oscillator 106 operates at

J00M33] THes operggian dfrthe BEDAV6fis comrdllefl digitatlirehro@gl th21SPI 208

o018 Bt LR OBien e W o K ptePink Bt Figes 26 is able
PGS RS BIIKIE sEFIRNE benbVitald tih EspSHRIh QYMsRO u&hﬁryinél%ith, for

respectively. The frequency range for the synthésizer

7oxample.t ¢igier dBe HCOoEetme! Comaprinations Glompmissign] 95|the ETSI
T So8 Léfh 1 r; YR

720, "a %Hgﬁc pr gé{%gtrlr?rﬂéﬁtgﬁg@a Eltjé:ﬁllrt:@ %)gsg%ldg}hg-nglﬁ%e svvalﬁfefjl\lﬁ3 ney
comge om7ibdut §6GNMHZ t@blerut 380N dHz/RBichas the| RElDeband nisedin most
osci | l.at or nd.uses, a reference frequency.
Pt T bate et POT BSTRE P PR g e pg resodtion of
S yovluh 8EiHELfor Hbahs fdAY dbearRdOYMHL Y6 Shdug96MPaL. Mz cl ock
signal 128 reference by 25 (see reference nunera

732). Simlarly, the output frequency f VC02 fromthe
W34}/ 1 6TixaPLbeynthtsien @06 asess ®Htalsop frcki®dcRire that includes two

=(32xP2+S2) c 800QKHz e P2 and S2. are the val ues of
t 8&-@9% fFRiBFS e 26 sodonnanglesiEhend (SHBY Guteaios. The
7 SiHeSIZReT04 ¥6huMes d PRask TREWUSIE Yelctidsd gzrlf FarldN§iarge pump 708, a

T
synt hesi zer 706 |saPron1abqut about O0MHz t o about
2560 wpgranpoblsepunisef 0, adebibswHlovseduater b2, premelsatPs714, a

fQJltath-%oM osZﬁl@to@n(q/ é@ﬁ Y& %nd 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:
Fycor = (8% P, +S,)x 20MHz

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
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728, so that the phase-noi se does not change over the
frequency range of between about 860 to about 960 MHz.

wQ 0®887230rhe synt hesi zer 704 out put signal 734PCT/SG2008/000030
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

for 1 imilarl

,96 Mgg g:?gé:lr(] tS9%D’Flf 51%8 iSe\fg}olb Sﬂyéggr t(%@%efe&%@é urﬂ@faf’ ?327). S il A
ﬂﬁ Jugi drefinay ahQy fro20RRM€02 01 Gitmiite @mma follows:
frequency d|V|S|on nmakes avai l abl e a quadr at ur e- phase
frequency of about 1010MHz to about 11| QOvHz for the
synt hesi zer 704. Si fibar 32xEreSHrefi¥ady di vi si on
provi des, for the synthesizer 706, phase noi se
whereoR2 e 52 afe tboaltues 48 Bie 1ogramatablesepunice 790 apd fhegswallow

can b uned fr bo
Pplél‘&ﬂ'e #4);6%360 'ﬁ'l ﬁécgu%n%p%%% 09 t}?ebsgmhg%g%%ﬁ% rgrsneabout
ab&a e 0oyIHefto ammmnsdmmlz to about 160MHz for the

synt hesi zer 706., [00138] The frequency dividers 718
and 730 are based on conventional currentnode |ogic

@ﬂé@] f WHinGR drS cfpfiftbdld@shld VIOTY bhniR fHi Ble-BEOE 1B and the VCO2
I p-

| ops connect ed back-to-back. The frequency
@28, stethst the@haseencigOdeps met ghangdioveiethe frqayency Uaageplpgween

S| t he singl e-si deband (SSB) ni xer
fﬁ?ﬂ%Fg% §8?9g§%%§{n1X|ng the divided outputs 734 and
736 (respectively fromthe synthesizer 704 and the

B S b PRSP BRURRY RS0 e o

%QN&% Wity [leA 7f1 Bf"gﬁl& HRY s{ Btk 1706 Qftpabsapial SBoKfequeacy is
obtalned as SSB m xer 702 is designed to reject

Wpyided by dé lﬁ@trﬂdfrmv@weﬂm@g T ohlemssineied o ST mixer 702
al%el'ftreqt%l%gc& Mlon 10 egésg @cﬁrthp @ﬁghgs[z%g YO Phast! R 1§1p9@s)rément

be™f nodul at or 240 (Figure 2
afdbiRA 6aB4 F@ﬁh@uasetha ycz&l Bt dantbiedumred dipnaakmut 2029MHg to about

t 4 th di
B8y, SR SRR, EOBB-HE s o
Hpeit 10960z aBbWS 11 OH2Ub Pl sirtegiren?0d. Similatly, the fraquency

can be generated fromthe SSB
division pgowdes 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 150MHz
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

28



m xer 702 is based on the follow ng equation: [00140]
3-stage pol yphase filters and buffers 738 provide the

wo do8e9ra0 and buffered differential | and Q siPEEEE2008/000030
| -LO 212i, QLO 212q, |I-RF 250 and |-RF 25Qq, where
I-RF 250 and |I-RF 25Qq are fed to the nodul ator 240
(Figure 2), while I-LO 212i and Q LO 212q are
respectively fed to the I-Mxer 212i and the Q M xer

12q9. .[,00141]. A true singles se ¢lo TSPC) .
Jrad: spepad b’ fuB el SEOMRCE; Siohf bgivekics o frequancy
ReRaRInedt HOHSHS K10 obtathicdl] shethb RSB/ Bixsy NOHisode@ighied to reject
counter and a divide-by-2 asgnchronous counter, |

SR S B SRAenciss o prashl Motk bizeosbapk K70 MHZ4 T righer
B4Rk Iﬁ%\%&w{mg{ag_ &arbe%ﬂhaes%gfggsgg Lbﬁ,fﬁqu %gﬁg&gaﬁﬁo%%ig@e 2)

conventi ona it progranmma
oVt 34dndiigde )t assbheth | they ewsiutrter 24 endidleed PA] DL 4%} in the

Tur.ni,n the. t LGt ank.V 716 and 428
PN St MBwe 2 BEN R a5t soonirz o
RBBEVIGIMYLz. | ThisShél@sputdRlgBercd, YSE tieR oR Sérgé%ﬁeea MYthe SSB
and PMOS transi st o?gptgwﬁeal ?zg‘gtt he VCA 716 and the
\fiker T2G;s basedas thofoljewing dqoateon: | near tuni ng curve (see
Figure 9) and thus achi eve_consi stent performance over
the operating freque y_baﬂgg,l of Jt,em about 860 MHz to
about 960 MHz. 111) ouk/ﬁft;ge Co%rol | ed Gscillator

716[ 00143] Figure 8 shows schenhsti c di agram of
circuitry that can be used to inplenment the

ge-¢ . e
B0 AR L g A e b
ibfférentsz d and Q signaly, [-16/21esQ-4€) 2036 I-BF 2601 &Fd ERF 250q, where

tr iver Fi gu - 6 iltAl ccor.da ' .
RS GArdAT 8504 1S Fefva fos Badilrioh 14068 2Yapife Lo 1o
2h6/QCRY 117G lavdRSpdetitily Fadan ShesTtIofixr 2 Nzl Yhet QOVRMAE 2.
transistors 812 and 814 and two NMOS transistors 816

and 818. Two inductors 802 and 804, connected in

?)@Hﬁs’ Ahief éﬁﬁ%l@-?ﬁas@ ‘El'&‘f(%’l%@d?%r%@l@r—g}@eisd&é& Yor synthesizer
ermnal 816Q o he NMOS transi'stor 816 and the drain
{704 nT IregpregaRDeofsisthef anNidgde-by % s aichiongusgzoutfigeand 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] Turning 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.

1II)a) Voltage Controlled Oscillator 716
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qual ity factor (Q value) of the inductors 802 and 804,

for the enbodi nent shown in Figure 8, is about 5. The
w@a108/00e80m nal 816 G of the NMOS transi stor 81BCT/$G2008/000030

connected to the drain term nal 818D of the transistor

818 while the gate term nal 818G of the NMOS

transistor 818 is connected to the drain term nal 816Q

of the NMOS transistor 816. A series of voltage

t e ot o) 1.0 a 22 320

JORELC ERRRCS Sobs ol sHRRE: Nifkra U el i i B 10

t emplemghisthg MdDagacbrgbiel oﬁciMWDSVCGiI’TB%S(tFﬁ)gur& Iﬁ aﬁﬂ@he voltage-

P t.y ansi. tor neahl.e c citors or
vy RSB0 vES UFIE BaetLiedaf g it 206 of an
b ®PED arunk oty el €SB fiiree 2W) dullt 1CARbRIRhG BikBRy %Hﬂl)oéﬂiféat of the
of NMDS transistor 818 and PMOS transi stor 814. Each
vErSEES is controlled by a respective input voltage
signal, where input voltage signals Va, Vb, Vc and a
control vol t age 806 respectively control varactors
400144822 Th YO/ BBainchities fompinsistogs) abhmely! tivd FASOY Aransistors

nd i,vel. ect.e the_ varactors
V?hf %‘ng% A gy g@@g Ltk d&qér igfpﬁadwrﬁ SH¢ and 804,
S oorreeted b 38rid308rel furthonpRmtaed b@mIeB& KL ERBCIkMfhaP QPGDC 6f the
ternm.nal s 812s and 814s of the PMOS transistors

ahd@3 Aransesiar 84 pndethe draip fraména8 b efiye 8MGS araesxauos 818. The
Coidif§ H%%rg?o‘adl&?) orngd 1H&’ﬁc‘?&§ '8 % a¥d @%@ Toehb %Bl%ghl%rﬁnt shown in

capaci t or 0145] dse-noi se
bF@rmg cajab@ntS | lewsgﬁesemnab&L&G a2 theANMOD® teaakieton 816 is

 BRRELERTo Fiup, SRAREEE RGoi0ns Tohfbr 3PY i5s a5 dngpina
88!)Sga6£EtHelmMQS aackidoa8 I Utcrhbdet FPER delR Mahiasl 9{@ of the

e aV|n 2 val ue capacitance, nanely a bigger
gfi\’é@g Gansis g’h%}q efs SFEPS 8T Valage denpbleopapgeifors g va@BEors, namely

wWeR 4 ob SeRMhikd 886 EfeOtBnhbGe P bdiw b }{e'i‘e%%[c@ezéwst%hg n\/ﬂesmp

chosen frequency | nput si gnal vo tages
aend &andﬁ)fgI?fmS tiensistot Sb@bmdagbﬁ)s hatsigbadite frhe sai@@tuneable

b V 716 (
7 Al AP ARt R SR BIBaBY £38 iy, foppeed Bekeen e
omep@tmn grdiardminile &8s uandl 814 oMINEONTPanRIRCEIY 8nd PMOS

82 822 and 820 are al so used for frequency
trans1stor 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 812,
and 814s of the PMOS transistors 812 and 814. The source terminals 8125 and 814

are also connected to a ground potential via an external capacitor 810.
[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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tuning, and allow for a tuning sensitivity of 80MHz/V

to be obtainable for VCAO 716 (Figure 7). The input
woodsages) Va, Vb and Vc, in conjunction wth ¥&mnsG2008/000030

expl ained later with reference to Figure 9) the

varactors 824, 822 and 820, allow for the VCAO 716

(Figure 7) to have eight frequency bands (see Figure

9), each band being sel ected by applying appropriate

vol tage_|logic for V G 0 'Larl

[DBLA6) COVatgIore 824 %ﬁm@dr %rﬁ\e/b w&r %6281’ ﬁddﬁoMOS

Qgeéaoko WP aRdSs aandalde fcbiﬂicﬁﬂlc% enshdliy slgg@[nwdmeear & Raialler
V. For %KDZ 728 2mA bias current is

weled. ThOG1B] vefrige B06; Wb to s tod deprn thedids 2PT(gge g sets
ilgf ! s 1]; %r%%e%c?sggﬁltt \R}gl W&E%pé W\flgeéﬁ(anﬂc Sy ﬁ ital. control

0SS rove the phase noi Ee"i's
tv@ltagép rtﬁbltecliahge dhuaViQQy 716629 rvaflisnfthérbley chwhgitggite 801 716

and 804 used. ot her b 0 has

i(Kiges 7l gprating, ar’(du'f’ﬁdnm@‘é ?@P? FZ/’%%( & 3\%% ﬁOPSéaﬁmsgba&gn The
Q}fc sl -kt INOS - xkﬁ%%?s fon  Bive aME@ T e 4188 ustd @é‘r"rﬂéquency
has been found that between VCO 716 and VO

(wmiiggraad Allowfdoa thalss seesiédtye! FWMHRVOIR PO ﬁbfta@abﬁefor veol
S Nnoi S n oA .t
%g @ %2 O-E.he uP ?Bﬂ%ﬁa‘g?s%:bsé% ?geggon re Siés‘ﬁlgth (and
telﬁplatﬂéﬂllz[t& Wi Sdférlen{detty Fogur¢ B)EthV@@}actoﬁ'QS% 622 EndyB2& aflow for
Vot T e BF G B rigy e oF Tigirt ©), St band
RFII%?;QEC&Q 'B&%ﬁplklﬁg aPPiobliht8 k6kagd@okic #5€Ua, Vb and Ve.

ranscei ver (see Figures 2-6) built in accordance
with an enbodi nment of the invention. [00151] A

v
I 2, ey e Ak
sfemulszmdg #Ada thoing ‘s{m31ti76h)tyssmiillbi:thaﬂdﬁ 0 il\/ﬂéz/H ndéor VEeh 798, only

= 0 and = 0, the tuning curve 902 will be
é%%%bﬁﬁﬁug?ﬁﬂﬁ@w unlng voltage is varied fromO to
1.8V. 1l11)b) Phase Frequency Detector (PFD) and Charge

Pu 708
[00?28] 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 VCO1 716 and VCO2 728 (Figure 7,
VCOL 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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[00152] Figure 10 shows a schematic diagram of a

charge-punp circuit 1000 of the phase frequency
wa@ledsn91280 ( PFD) and charge punp 708 bl ock usedPCTISG1088/000030

PLL sythesizer 206 of an RFID transceiver (see Figures

2-6) built in accordance with an enbodi nent of the

i nvention. [00153] The charge punp circuit 1000

includes a plurality of transistors, nanmely three NMOS

t tSto 04,:an / MBbodi

PR Jfe Pl 2 BiB0h JRRNALE S s CRbodimont of the

oeatibor t her i ncludes an anplifier Al and a bl ock

1012. [00154] The source termnals of the NMOS

transi stors 1002, 1006 and 1010 respectively are

ponsgCt ed cb@es?oﬁlﬁﬂgl B pOtheridhtbandd dIiths VOD ICTI6 @idure 7) will

source | bias 1014 supplies current to the gate .

therselenigr Jorovach FReprgUTS legiapreingncs i 6 fon¥a. Mipas! ¥edFainetance,

7 s al [ NV tuni
OBV ELD, VRSO AR VP, Near age S O S opLbiatq pRBS funing
tloitagdMeSatiedfremdt torl.8M06 and the PMOS transi stors 1004
are connected to an inverting termnal A - of the
anplifier Al. The drain term nal of the NMOS

LI HaEOPred ey Dt @ (BUD ehdtChat feePdhoTd8 1012. The
outgut fromthe block 1012 is connected to the

H9AS2Iny diigyrad O shews msghemptic dingramentaphprge ipymp gircuti Q00 of the

: g i '

R b by e EIT)PIRLIREY pline) 20EPLRRCHRY e PLL

136 sizdi2) 6safianRF IDetraviscrv e (s RigeePRA0h huilhmsicspowlasce with an

%%@f and 1?8%.arefconnected to a reference potential.
ofaet of BERYERFO%f t he PMOS transistor 1008 is

connected to the block 1012.[00155] The bl ock 1012

i ncludes _an anplifier A2 and faour conpl enenfary,

{1531 e SThsrchergsramins sirgi HP00dacidesa Phipisy of Gogsisters, namely

%'Nﬁ@fs 51:@%262%’]()1@@2,%0 3h& 1609 6nd MﬁMO@@&SQW&h@@Z and

is a paralle i nation of an NMOS transi stor

cl9B| Ele tharge PMBB cincait 9089 durther feludes anrppunifige Atlhand a block
gﬂ}g term nal of either the NMOS or the PMOS

t 3 s5istors being conplenentary to the input at the

gate term nal of the other transistor. Taking the

tMNr wans]m S’lsﬂeo Qou%caet ?en]ﬁcl)rila S %? ﬂ?en I\ﬁ\iggp’lrgﬁsisttor}se IIOIa,&),w‘lO(%t altlé] el 010

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 Al. 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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transistor is UP, while the input at the PMOS
transistor is UP. Simlarly, and taking the
WO e@sdmM236i on gate 1020 as an exanpl e, the i npRECT/&G2008/800030

NMOS transistor is DN, while the input at the PMOS

transistor is DN. [00156] Each of the transm ssion

gates 10 16, 1018, 1020 and 1022 has a respective

i nput (1016i, 1018i, 102G and 1022i) and a respective

out put (10160, 101 8o, 10200 and 10220). The i nput

terninals 1016i and 1018i of the transm ssion gates
308] anghd Gléckan o1h dhdludsnae cingdifieo Aheandr & ¢enplementary

of the PMOS transistor 1008. The ou h é égkg1nal 10160 ¢

eWitehes of iapgmisLer Safey AP E, 181% 4020 g r]r§ {-ipch Jrapgission gate

_}.ﬁ%’ 0l €112 ghd i—&%qs g%ratllgﬁcdiﬁtﬁﬁ‘aﬁf&%ﬁf A NNIOB @rahélgBr coupled

e output t er m nal 80 of the transm ssion %ate
104 PMGS tensigort with tlee inpet atrthe gatc sqrpaingdjof eithezitheyNM@ or the

te 1022. Th
PAEOS Fafoiel o8Bk Sompl ity i e Bt bE R AR oA e other
498G 0Rf TANG the HABITHISHO @atg 20ES 4s0Cexamples treriapitatthledNMOS
the output term nal A20 of the anplifi A% J f d takin
santier 0TSO theor at b MOS P stas 15 B g Syt gnd taking
'tﬁ%ofﬂglns.mﬁ%mnr@t%e 0 ds 102%s £ e P‘f?let HRNBFSH RONEDS trhRR0RisDN,

connec n-1nverting term nal A2+ of the
aileithid mputA? theTHIOSrxagsistonty BNy mi nal A2. of the
anplifier A2 is connected to the output termnal A20

of the anplifier A2. The output term nals 10200 and
[0238) ofEatiher the &Eﬁdﬂﬁlsﬁd)mght@a]IOQS 00801 020cind 0022 base: tesytehtive

ted t f th t
o 10190 19751 A02hapenp LS v At yaLoo 185, 40200
t @riﬁfﬁcgs Wﬁ@ 1%@16 £emikak6.014i%48.101820F tl@d\l‘ﬂarikﬂﬁsgldnrga%b tibes and

recti fromthe respective inputs 1016
]1018|are mmcaonmmﬂedlmme drpint tyaninglaefs e SHVOR tgﬂ&l@lé@r 1698, The

8, .1020 a eSPegL | t O04P e
%?’tlfﬁﬁﬁb ou%?ﬁ?% fon gﬁﬁéﬁﬁgggéﬁﬂgi?ﬁéaﬁ E%Hmut
16h8nal 1020i an (ﬂhelﬂaﬁ’slmmikﬁs gare | 1020y The omipuh ¢erméssb 4Ot B @f the

out puts 1A 60, 10180, 10200 _and 220 f

raSIiFies 28ie AT 85 CRREBE T 18 3G TR 1355 dhe ppsmission
LB BA%0S ST ARt @8riRA 61,0140 38 the]t%@m-’;k@ﬂn 1QAR213116 dnkdehe input
respective inputs 1016i, 10181, 102G and

0
Depsnali 300! Rlecramemissivargatq 5029 %P@ﬁl&@%ﬁ%tﬁ% oftppp terminal
t££0 op %esan%fhf tep Kot rﬁ{és(mtﬁtﬁl 197398F 82 tkihdBissibllBte 1018 and the

input terminal 10221 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 1016i, 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, the connection between the respective
i nputs 1016i, 1018i, 102G and 1022i and the

w0 e®peeRsve out puts 10160, 10180, 10200 and 10PRDS©&1008/000030
the transm ssion gates 1016, 1018, 1020 and 1022 is
ei ther | owresistance or high-resistance,
respectively. The operation of any of the transm ssion
gates 1016, 1018, 1020 and 1022 is as such: when the

gate jnput to the i

Sarrbimbitm e TRre P D ATIES, dhopaRof aad 1 GPg, of the
%3h&nishibe LeRY 1014, N0 18) 1020 aﬂﬁJIGZZId’f&Hétr&Isﬁﬁéﬁmnl'gh%Vl@M 1018
when the gate |nput to the NMXS is | enent

@02Qend 1672 toihritespestiyhiaprivdBl ¢iy bWSgPasltogpl @éﬂgg% Rep i on
t t

S SRRt BRSO B SSay ab, s

t102018md s(ﬁQg)the@amudmliﬁﬁwedrOths respe@iyeamuhts] ONB1, 16 HRic 13%201 and

S|r Ie th a f S [ iye . rise
18 fe s Srusgiee Pl (01607 308 1P Snt 0P o) F it ippion
Mategr 1(71@52 102815820 Fingur @2l isl eshenWovrr&ahmibat drC highagsisamce,
of the single sideband (SSB) m xer. 702 used in_the &&
goapRetisieher 1o epasationrrimmy fithe Fansapigon gaiesel (gL 1020 and
d 100
% (Pt Dy ACEPLARIRRLY b IOSTRRERP U 0L chifcncoray
' Ivoidirbe it toribe O3 Hbdsiatod ghte) dhergbgomadhg Pffeboth transistors.

Hogperet phFR the st g g A0S 5515 o Rt Fnichlors o, MR input

I+tHAME PO frdhkistér ©add) AkdrE) bdth 4fnsiBdrsdare lﬂirlhech bn s0d Ipa&,es any

Ib 1 1118. [00161 S|n1larly, t he GLIbert ell mxe

signal Iher Queaally srell withquy degradation: TheHes &b fg‘F §fﬂﬁ%‘8ﬂ°ﬂ gates
3 14 wiich give

R B B oot aar e

Tive toltoas nf logicrievedd ig pefs ttamsistorsansi st ors 1106, 1110,

1126 and 1130 are connected together to forman Qut+

termnal of the SSB m xer 702. The drain term nals of

tﬂﬁhﬁﬁﬁmﬁhﬁﬁqog 1108, 1112, 1128 and 1132 are

connected together to forman CQut. .term
OB Gazurg s IS8t & Sitipmepn et of BiEriel tidchpnd (S8 hixer
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

current source Ibl 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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Qut termnal formthe output 1150 of the SSB m xer

702, where the outputs fromboth the m xers 1104 and
w(a1®8/02m280 ei t her added or subtracted from eachr@r/b€2008/000030

[00163] One terminal of the capacitor 1146 is

connected to the Qut+ terminal, while the other

term nal of the capacitor 1146 is connected to a

reference voltage 1152. The inductor 1140 is connected

i ral-l.el .wt c 4 [ ar

|82 R 2115 e b BERE, Akt d108 THGR1AYS 89130 are

Qobnectel ﬂfigefhbr toMorhe ah FGtotdiminal ef nther &SBofixene’02. The drain

capaC|tor 148 i.s co r ef nce volta

el g6 o aRips Rg, | Lo JLAD abEd 155 Ainraepd fpspther to
t 3 GARRE ttMindl ¥ %he SS9 3BA: 7601 ToNectivelyt the Out, terminal and the
G lbert-cell mxer 1102, the gate term nals of the

t Qutnteining} form1 B8 camut 1130 0hihe YAk d924 Where g outppig from
SO ERRETI0 a1y LORPRLBUSE a0 ABuate
1114. The source termnals of the tranS|stors 1110 and

{ihdfal’ o etnfal PR AnS Gumgion Ei4h fafrangil p e bub rminal,
LRSIt AL tdidiflaladithd bdgacabe ] ot R Ganaes ®d Fe@‘el’efiﬂe voltage
1118. [00165] Simlarly, in the Glbert-cel| mx

11102, Thh @dglato@ 1144} iicamestedfin parallel vtsihe P%Haﬁlt‘ﬂléééa Rinilarly,
1330 iR 1h AIRE Alopnddiés SAHE O \ERAMASilHhe other

ransi stors are bot h connect’e
ttemmidlalabh tliee capanidr ©f4& kecdmactsd 30 or refd8dce VoleagsollS2e The

termnals_of the transi 130 and are both

o e alelé1 2 f%c‘lnﬁg"tﬁ{ W Iﬁ‘r %F?ﬂ%ﬁéf © C3pagigk }f‘%gns i stor

1136. The source termnals of the transistors 1134 and
1136 are both connected to Ib2 1138. [00166] The | and

U b al Burning i thedSithedisd maierah 192 1¢ £ate gerppiali pidhe fransistors

\qﬁ %ﬁgﬁ Y ?O tnree&]) Q:‘f% gt[lfl‘m ﬂ&%ﬂﬁrc@ Q&Qlﬂa@s @fbtﬁy kransistors 1106

oca [ator input in the form of

zindOL 108 Iaregmth f:d)nma&@d mdlefdlraui_? Tel@meriady nﬁths trafigigtof 111@. The source

na 10 th erm nal f
cledfiBels oF 15 Mot 1D AS TR i LSTONR R0 el tppninal of
StﬁBTtrahﬂstbﬂl 116, hEheg@luecet teiithala b theftrankietoty BINgiaatidrn$6 are both
1128 and 1130. The fl 180 signal is sent to both the
g‘éinée(tt@r‘iﬁ’lrhbl% ®f the transistors 1108 and 1110, while
the fl _270 signal is sent to

[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] TheIand 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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both the gate termnals of the transistors 1126 and
1132. [00167] The other | and Q signals fromthe

wo e@guoenay divider 730 (Figure 7), which have PCT/SG2008/000030
frequencies from about 150 to about 160MHz are in the
formof f2_ 0, f2 90, f2_180 and f2_270 signals. The
f2 0 signal is sent to the gate term nal of the
transi stor 1114, while the 2 90 signal is sent to the
gate termn of t.he trapsi r.1134.. The f2 180
SPlgrisgmipals o ihe el 1386 and’ L2, Bhile the ired Sl ssptgp botn
el Gate vé?xhhﬁlstdmd‘tkan%&%rﬂ D33indi1336.€The £10 18(31§g1§4ﬁ‘isﬁsent to both

term na the transistor 1136. Care is taken in

Ity gate terminatschidles wangistars dt08avnd 13 ha.oehily therkk 2@ signal is sent to

168 fikgquency from about
?@%%S]ga g%@ﬁ@%%ggg%§%%ggr%6t eél 1altggt he out put 1150
of t he SSB m xer 702. Suppressed upper-si deband

I I t tt { put
BOJEA” B oI LD il S R ek o,
5&)}&93{ ﬁ§v$eeﬁie BdePRomlibBut 1KUNto3HdB: 160MHE Qrel#h the form of £2_0,
['ustrat es [ gg%e rejection of the SSB m xer 702

(2 YU 18D and 0260 pigrals+ Rbe 208tsignal i sentiie the gags terminal of the
I

SRIRRBE] B i 9 SERTIESA 1188 e e S

rlth 202 1 Q60 EghalRk gent ¢o hdAashemsina df Itlmectkaﬂssmll 116, while the

sent t.ion of the archit r e, of celver. .
e Sohedh 8 Fupesmil oF tiecuisiet, HE5 e iy eben in
1By A% EPrdRRCRnIRuRMng PhadinienhtcBds. t he present
[ nventl on. [00171] The receiver path 202 includes two
stage gain control The first stage is controlled from
BB iy sAelBl iR r@eg R gL Btk B60MHz e
auentratdd atnthé s>utbii€)6&501nﬂ 385D ryame6d.e Suppricssatl prpm&idﬁband

by R i S

rs@ a£9201 @hd F?d@@é(m €704ab ¢ dre clidar $5dH. aFigamel diustrates
ath 1302 o RI'F D transceiver S{:ee Fi gures 2-6)

umalg@rmwtlae@éﬁ%%%n%ergﬁ nt of the present

i nventi on.

[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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[00173] The receiver path 1302 shown in Figure 13B
uses conponents, such as the denodul ator 232i/232q and
wo b@sdrBki t ADC 220i / 220g and t he VGA 218i / 218pCHRG20U08/000030
in Figure 2, thus like reference nunerals are not
further elaborated. [00174] A VGA/Filter block 1350
provi des about 12dB of gain through a pre anplifier
1340. The pre-anplifier 1340 receives an input signa
1324 and sends the anplified signal to a | ow pass
filter (LPF) 1310. The LPF 1310 is controlled by a

foryep bEberee 3Bahbwh b Block 368N adprekdmdtionoff 6fie¥ 8 hitecture of a
si gna strength i ndicator (RSSI') circuit 1342 nonitors

fISECIV T2t e RFID fensceipent (e Kigutes 246) buithia aspergdence to an
0 erm nes whet her the
\}&I?@Ptg;gﬁké }é%%e%g@gerglglhh is to be set |ower or
hi gher. [00175] Figure 13C shows a bl ock | evel

enf.ation of r lifier stgge 1370 of a RFID
IS o Ui retatud reft B8 e 3P post dopmpants gias the
adenfiHRRAGTRIN/ 200 q tahE tRE a8 AIDTY @DbI/DNg ddd Wel VGRE218i/218q
appreci ated t hat theégreanpllf|er 1340 enpl oyed in

Fibguindn Fimre 2hugiikeraisreneepumerals ardwot fuhanglaperated.

stage 1370 arrangenent of Figure 13C. [00176] The
preanplifier stage 1370 includes a fixed gain

H00I74F | eA UGAZiltanblacdddB50A Pralidas dhout dREB kid7gimtidough a pre

S8 Ao e e P! TGS vy Bl Tl 5% fnas
OMBplEdd G@ialtd & %W?JSSSCfﬁteﬁ‘ ;gLﬁIé)) o oasTIWELPF 3310 & doRRONMEDY a

the noise figure of the RFID transceiver (see Figures
disten bgforeTiglic D) signal dBi%eh recpived sigag strengthgindigatgn gRSSD)
V\éifctaitt har hd ﬁ{rschél'ggegencg rO?\ﬂl(‘[j Enpft El'ghﬁ 124 _t'Fﬁe output of the
arrangement that acts as a sinple low pass filter Phat
f R8S8Is 1 ¥ then hieteomines twhe@en tHes ¥GA/Bilteh bloskl d860 kaitvistto be set
iﬁbtraq%g$he DC conponents in the input signal 124.

T 8851 ter provides high gain to the cancellation
| oop while consum ng a smallcurrent in the mA range.

The fixed gain anplifier 1372 may be desigpned based on
W75k orBaineal 3G ahgwsap blerkelsrsh repfesentaiongel 8 dnensplidigr stage

lefr)i?@%f LRFEN WM cbiferM s FiguRs 216)DuilREEAIYREnRAb hinf dnfdliment

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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[00177] Figure 14 shows a block |evel representation

of the architecture of a receiver path front-end 1400
W@B008/0RBEBD transcei ver (see Figures 2-6) buil tPECTISG2008/000030

accordance to an enbodi ment of the present invention.

[00178] The signals I-LO 230G and Q LO 23Qq, which are

both fromthe PLL 206 (Figure 2), pass through an

I-Buffer 1404i and a Q Buffer 14049 respectively

fore t
L
|difbr¥@ial Bdi2 brrapdmehiew i@ dodeconnt@ed matlp us shewmreinddgipe 8d

to I-1F anplifier 1414i and a QI F anplifier 1414q
i nputs respectively. The receiver path front-end 1400

%ﬁgﬁbggﬁ- BStréhtRh@S circuit 1402. [00179] The bias
cuit 02 provides a current that is proportiona

1901%Hs olFiguee tdnghomat &ibbock Fiprel) repissemistionapd tsi arghitecture of a
\ég(lflegvae esattﬁ ¢ otnp gnc! elglﬁb \éﬁr % H@Ib trﬁ&%w%n gsell:d' ureg-@@l |Bult in

he passive m xXers i's desi‘gne

ta@cdiarlcl B axd emﬂ'ditﬁmbntldf tlgapgakdehi iavertivb41 and the QI F
anplifier 1414q act as IF buffers whose outputs are
accoupled to the inputs of the I-Anp 214i (Figure 2)

: ?2_37 ﬂhe T@e%f%ﬂa%]l% 0EOIHAN -2 2303 txidhbré Both from the PLL 206

i ment the i nvention, the [ - 214i and the

QFwpe 21 pepsoohgthay EBafferal 494btndan @iy izrdﬁoféca@ﬁpectwely before
To, t

Bt par iR 10D o6 B QLG ROE uR fal B T8RAL A 11 g e 0

Hﬂlﬁeﬁallch amThabodiker BEiBml the QUPiESr 2ARq ohtpiseare coupled to I-IF

CsTizD 1 b 29 GBS LA nES SRERREE” TR Bypath

tﬁlﬁn LM 12002188 inl1uBEd Hhibs @rsaaisoer (see Figures 2 6)

't 1 n accordance to an enbodi nent of the present
|nvent|on [00182] As nentioned above, the LNA 210 can

R TR e RO PZ EBEReCE o A0 DrofRponal o hsglu
t temp&atirey @TADDcurrent 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 214i 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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[00183] The LNA 210 has two stages. The first stage
210a (al so see Figure 8) is a gain stage which uses

wa covglogr2ended cascode topol ogy, while the secoPdI/SGHY&000030
210b (al so 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 doubl ebalanced I and Q
channel passive mxers 212i and 212q (Figure 8) as RF .
inputs. The first stage 210a of the LNA 210 achi eves

@O28R]i Sl AinkAibnbe bY®RN HRULYN 10207 opatd infikigh 23 mddor a
I nput _ i npedance _mat chj ngﬁ%s sol ved t hrough the_use of

il ein pedeldepsndingnd et paeatien Mofeseridhe RELD transceiver
tgpm nal 1504s of MOSFET (Metal Oxide Sem conduct or

Field Effect Transistor) 1504; inductors Lgl and Lg2

in series with the gate 1504g; and a | pF capacitor C3

PRMEE ancd o8 ofo b s BB BRYI6E AN Bse i g 0
ZhBasthge @mutus%ﬂhtle-\bﬁdmdséodé&aibdla wiile[Hé béddgd kaRe 210b
i nductors Lgl and L each rated about 12nH, in

dalsp see Frayr Suip a‘Fr?ég%? rgele-todiidrentiol Erta-B) sipee gicy dass not
éﬁoﬂﬁé hgH gﬂn Wk Brovidet )ilfﬂ'ﬁ?‘élﬁlal SRSEE @%?&zh?h talf]caﬁﬁ kO HT&Iouble-
a e the LNA 210

I N ep the overall noise figure o
|baVancéd I mde(ﬂ chrnnslepagaivg mantees2 12 endhdi 25 Figugd)ess RF inputs. The

rect-conversi o e \Y; uch fli
A Cile ANTTTNAT &R KiRien 400 T 10t el o 1862 ana
aﬂld.ltt 1520 QTM¥eXgiput 2dhpedantce &ia&ﬂldlgoifs sabletl \terolipix eHeSuse of mductlve
npared with actiye m xers, i ve m xers achi

@@S?r&raqanﬂ@aﬁenﬁ/ withoHhe SRECE S kD4R Al Mgty (Mefal Oxide
i Hdudor field ﬁﬁé&ﬁh‘mﬁl% §536 iRNRWEs @Fblaﬁ@ i o §N 8lries with

representation of the structuré and con uration of
tthe gateAl 3010; @l gu‘hp@ cipagitor t (e beteisen vy gpiatlrﬁoég)znd the source

E)l L?Ib%u "The %Adu%Ian 1%(:{ 3 i%ﬁ%t og'rthe( cc'ates‘c?oag ?a%g %%0&218 ?ut 24nH,

inaccor
iwhietnis m].i;{eaoay&ﬁlhn@ @wmdﬂxﬁomllgo anld | Tupt ea:thaatetl habbut 12nH, in
the default logic level "0 node, the LNA 210 operates
56" ovi de a high gain in the listen node. Wen the
switch changes to logic level " 1' , the LNA 210 will|

operate in tal k node and provide a | ow gain.
[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 212i 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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l)Ya)ii) I-Mxer and Q M xer [00187] Figure 17 shows a

schemati ¢ di agram of a down-conversion m xer 1700,
wokioshoran be used to realize the |-Mxer 212i P@nsG2008000030

Q M xer 212qg of a RFID transceiver (see Figures 2-6)

built in accordance to an enbodi nent of the present

i nvention. [00188] The down conversion m xer 1700

i ncludes four NMOS transistors 1702, 1704, 1706 and

. and a ci.tor CL 0018 The source tern
QPL58 " Fite FE RS uhhoss™ waty P el esh e ol oL W Exva
a0 @pb@fes t® provitfe_Fhibk gith Adthe 1Whinl Rodd) eWhow teeswitch changes to
termnal s o? the transistors 1704 and 1706 are .
degintavekd . 1thyENAH Opwill opeaatenn talk modg pnd mguidgadpy gain.
termnals of the transistors 1708 and 1706 are
connected together to a BB termnal, while the drain
tppiny IAsfiveer @hd QRlixeransi stors 1702 and 1704 are

ct together to.,a B term nal, The aci t.or
BRTPE° 35t § 2P il YgsFisT sha dond GaTRaR whiREr 1700,
tvtitR Bal be Th&d gRtRlike ¥l Metiter 121 bed HRUQ-NIH@A1 34 0f % RFID
1702, 1704, 1706 and 1708 are connected to ,terrritn%IQs
Itensgeiven (see Higymps Zrfy) Qudf (i pecopiaaes topy emipdiment gl e pypsent
3L &nkiBput termnals, while BB_P and BB_M are base band
output signals. I)b) Channel Select Filter And
Variable Gain Anplifier (VG 1)b)i) Channel Select

' F) 216i/216g [.00190]. Fi 18
LA, 55 oot ek ARE bR b, AL RN ROR fptors 170
fii7on er706 GRE ) 768, @hd 2 t§sactdr GL.RFI D transcei ver (see

Figures 2-6) built in accordance to an enbodi nent of
the present invention. Figure 18B shows frequency

DFEACT EfeSIdutS RImIAR §BHhe2dBilsistrd 708 kA1l 7dsr grhr@dconnected

igure 18B, it wll be observed that the pass-b
ftogaeeric 2. RB(Rtephinah evidigrhe d@ir¢eRteaningls of (ihey huesisters 404 and

b s e o 0 Rl S &S, P BB il of the
1 B6istoPETORtAnA J 706 adeicBfnedict hogedtizr €0 4 BBAP tetatiral pwhidsthe drain
V@Jrgigalgao%s{hgatrrlgns{s{o?g %9820 %n(} 8107%4i asre Sc%lnggcttgdd ’tog’g\%her 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.

I)b) 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.
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select O, the filter select signal 1806 configures
the CSF 216i/216g to work in the |isten node and at

wo b@sseguency 320kHz; while at select '"1', theCT/sG2008/000030
sel ect signal 1806 configures the CSF 216i/216q to
work in the listen node and at the frequency 32CkHz.
[00192] Figure 19 shows a schematic di agram of the
channel select filter (CSF) 216i/216q in the receiver

ath 202 (F| ure of .a RFID transceiver (se ure
Oéyllbu.ﬁrt)m. ﬁguae&é%d%welébwwwgﬁ that thsonasshn y 1802 of

ﬁ Y RF 916i/2160 19 AlnalR t%béeahﬁbut %§§kﬁ£ %? It Y] an)zSutt P SMH’Z The

erent variations in CMOS | fabrication

Ip)}:@caémg [freqhencg St tx] 65F 216%121469 aA EIPFT shdsst gigeadl 1386.eperating in
| %Sd Slin hed SBoA R-hEEL Jipbbasd: DAl ﬁeag%ggté%@ D2S8Sed. At

25kt H)IGme |fn1ef skdaﬂ sighaleE80bi dosfigweP thel CSF 2 bdide K 1ol #0Aain the
1902b and@gﬁ four second a I|f|er bl ocks 904@,',
odoyaketdi regRsaey S ANz Il 650 > taeoBlier selsiosignal
afg%lc%ﬁﬁ rEéSihBQZS#“?léfl/Qﬁéc{ 10PNl i R 1iQEORH0dd B2 A S £ @glqency
exanpl e, each first anplifier block (1902a, 1902b an
139REY. i ncl udes a first anplifier 1922 resistors
1914r, 1916r, 1918rl, 1918r2, 1920rl and 1920r2; and
capacitors 1914c and 1916c. The resistor 1914r and the
[IIIH&E] t Figdr® II9cshaive acsuhamaticediagianpaf élel dianﬁx&ts\akemﬁlté'tdCSF)

ek s v Pseeset Ot ot KPR Boepivorgrodres 240

1941 in 4e6rdbR&) wiitPhn dR3QEmaRGrikenéam@al tor 1916c are
connected in parallel between the positive output

termnal of the fIrSt anplifier 1922 and the inverting

of. t 9 f. t
893 S Bl 6L T, B SRRl Saflied 1y B v 1c
pﬁbﬁd:dtleh jilﬁcdsbl,et}reoﬁi-SFnSlHﬁ/Qﬂﬁg ik rml]llPFoﬂestlgrEdf gisg ladder filter

lifier 22, while t % otheg Oan? esi stors
TRt ith 67 HSETT 0T BAAE, RATECE SLP b 4 15 o
termnals, as shown in Figure 19, within the CSF

216|/216 For exanple, the other end of the resistor
[09194) | The CIRALGLRA6A insludpethrerrirsermplifier blagks | 92ant902b and

0 42 810841 St R B dt 9nd Bitch
Ui, 0,0 D3 50 AR Wi
t 106s €2Bnd9 Bhmid 1918r Ibdlng:themmlﬂlftbrtblwk 1902a as and example,
each first amplifier block (1902a, 1902b and 1902c¢) includes a first amplifier 1922;
resistors 1914r, 1916r, 1918r1, 191812, 1920r]1 and 1920r2; and capacitors 1914c

and 1916¢c. 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 191812 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
each connected to different terminals, as shown in Figure 19, within the CSF

216i/216q. For example, the other end of the resistor 1918r1 is connected to the
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inverting input of the second anplifier of the second

anplifier block 1904b via a respective resistor. One
wepwsnd12she resistors 1920r1 and 1920r2 i s eacPCT/SG2008/000030

connected in parallel to the non-inverting input of

the first anplifier 1922, while the other end of the

resistors 1920rl and 1920r2 is each connected to

different termnals as shown in Figure 19, within the

CSF _216i,/ 2164, The positive and t ative out put .
JN_FFFé“FJP St e pePemaie s Bigol 161 BE Gt I fegarive
%Dm Rnnal B8 th%f&ewﬁdlaﬁlpﬁﬁgyaﬁhé QecoWﬂtaH‘lplﬂﬁEhﬁoQSEQMa and the
i/216q. [00195] meégé;he second anplifier blaoc

lm}mwasnpah af theasrpons, ke 0 o secans lamplisier blogk 14904b via a

A, oA 0 s g

asliePio the don-apadidginsut 92 Gustlarhpl2fer 1PA2, whijraihk tother end of

1924 js c ected. i arall el bet e he e atjve .
6@%&8‘%?%@\ SO sachFRPoSTip 14 1 Serei G5 tnls F jshovn in
TRk 19 GithPOhe TE216121 4 BRCANEivRRlI the REgali983u iﬂaebf the
capaC|tor 1926 is connected in parallel between t

pfust. applefiesut 933t are sppiasted tof diffrent tesminglsa #p sheye An fgelze 19,
e & i nput of the second anplifier 1932.
gn%ﬁl &gy?kﬁ)qgﬁistors 1928r1 and 1928r2 is each
connected |n par al | el to t he non-inverting input of

I|f| e oth r end, of the
i?éjt or H1g3 §ec géf;rzg\(ggk 33@ 25 3R Cefchalp][e cadh §econd
%&I&ﬁﬁfa@ Btockgtgma al ®)ab, aﬁ)oaa@ﬁm woamﬂ@wdes 4 Qecont! taliplifithe932;
216i / For exanpl e, the other end of the

resistotsot92BoRaPRs s 1839hand A834rE tkcapasiiars J 824 k% The
tCﬁgécht%r flb 4? Es %dt%d ﬁ'l;pajrgl?eg betifak dlll he Jfk%aﬁ’&@&[ {)l?cntgm%al of the

re3|s connected to the positive
csatcpmltanﬁ;ﬂrfmr mmz aid théweorsizgeridg énppt Of the second empliferc@dg The

li f . ock 1904b
FeApasion 874 11 Erongred Rer IS Eearirs B SRy et of te
&et 1ifie@ 198B4ndltRé inveNiag @it 6f the bﬁ:oh& ainplifiers1 9893 Dnk end
and 1932r2 is each connected in paraIIeI q
rihe resistars AQRSThand 193812 freeagls copmiciain pirally 1§ % non-inverting
%&teofttﬁg s&togg ramﬁgﬂ?xof 030NGhI18 HeSdtRESend B33 rdRebrd 9332 and

connecte ferent termnals, as shown in
F'i9g81'281s1®ph wotrdectedtth ehf&gntztg_@mn@g,w sthWg 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 193212 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 term nals,
w@sooghenso i n Figure 19, within the CSF PCT/SG2008/000030

216i /216q. [ 00196] The output of the first anplifier

bl ock 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

Eupabelc. offe cipt o s ] et o ThRH P i 8 8 ot of

SfE @&Qmé tlﬁbletsloélt mal&%@thlesmhs)@ tmmeahpmércbm&kewoza
i nput of e first anplifier bIock 1902b _and th

ostcpmecw te hethghe emufmfﬁher $q°e¥ BFkfier B3eskn S04 and s dpput of
%%%na %ﬁl@ﬂﬁ ngggé ul OPAR s%&nﬁlafﬂﬁh?igf‘ﬁl%eﬁ 6044 is

e SwW theotut of the first
aami cdnnea:tecb ko thie u’iﬁﬁz:lﬁ theTust amphtflerdﬂoctkh 9Rbragtl the output of the

a |er b j.s .al so nnected e

tend sl gk d0V B AR EEaR el BPcB R s avo
1838 téB10Cs BRREL 60 120anid ke SWbEtCdT HO At aﬁ@ﬂﬁémlocﬂwmozb The
output of the first anplifier block 1902c js connect

ed
tl@ptw the St agmlifipebloge é?ﬂ?bdﬁﬁlspmwecm%eﬁhq Dl s 1910, while
LL& hptg thé E’éé n®hm| Bltﬂ?erfb!lorcﬁtl §IP4s bl telalt€ ﬁ#é sWildRGob$
conne e outp of e seco i er block
1904d, the |nput of the second anpllfler bl ock 1904c,

1 t d | j,fi.
S GBAA RO SbPRY l FOB T RBIB) e of
t A8 s@déhnR WinpBifict BB cIs 2om1AdwhllP tef inpuit dTithe Krsl MLTerBieck 1902¢
i nput of the second a [ f|er bl ock 1904c_is al so

cisrneaaecsedl toothenaiayy afcthe seepad Axpliice binskplA04e thFHéput of the
béeg Gk %ﬁl?ﬂﬁ?r @Eﬁi{ Cgoﬁé FROA. 10319806, ThEhePRbBE of the second

| ocati on F Z161/216q are chosen to i npl enent
aarplefiey dfheok 190ddsik etsofawnmtctadntovttht: swixe 1880 pad disapeiput of the

3 ggﬁff?fﬂ@dﬁ?zﬁffkﬂ\ébﬁg & L em{a Ig%nse?ér*dL tﬁ%;}lﬁ'%{ Bf%%@i%o% is also

ZQ&hé&écﬁtb thaswiod toah ah&thb&ﬁtpuf[ ofithé bloekdedontl amplifie3] oK.
cutof f frequency and seventh order for 331 kHz cutoff
frequency. This serves to adapt to the talk node (TM

@féﬁgjlg ’ﬂﬂpgf)ﬁr ﬁ)caﬁo‘ﬂk kof( th@Tdsm@ /2 ®aP&et dnesdny to Thflement a

g topology is fully differential for good
| Chemshdwiranter farctigosathfbiheB ressbpng rippleast it arovide attenuation

I‘)ltbtl'llels l\éc reh ‘rj})tf)ereatlr?él freql/i\r}}?:}el fi 'Ale &MQAM 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.

I)b)ii)Variable Gain Amplifier (VGA)
[00199]  Figure 20 shows a block level representation of the variable gain amplifier
(VGA) 218i/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 | evel representation
of the variable gain anplifier (VGA) 218i/218qg in the

WO e@eioyeso path 202 (Figure 2) of a RFID transcRCwe62008/000030
(see Figures 2-6) built in accordance with an
enbodi nent of the invention.[00200] The VGA 218i/218q
provi des gain varying from QdB to 48dB in 1dB gain
step intervals. The VGA 218i/218q has a coarse gain

st e 2006, whi i, contyrolled by a.co e i.a . .

of Tap Nk 25 SaRipviter e ‘aRITE L RgUISIO0R ALy gF eein

9&@%&' hﬁ@ WHA 218i/218q 8 DcdaRtdail stadeOIvBb, whieK is doatrolled
g at | ogi ¢ sequence 2010 of "001", the coarse

@&Iarnotatsagemzc@ggol/\ﬁlmal gﬂ%grdiea gng g71R stee QQ@% Which cgptrglled
ISP G0 G551 S50 e, S orpplsf ¢ BRiCRAN5R 260 SEDL

ng@m@t@ 12806 ofill ploeideargaid fe8 dfainiilaapd logicseqfeuGAR012
218|/% g.n the recgej 02. re 2) of a
Efe9L"y g‘ﬁé' 108 8918, Staeg égbé U?ré?gllaﬁ a@?méﬁf lg# in Zalccor dance

Mﬁth an enbodi nent of the i nvention. [00202] The

coarse gain stags 2006 consists of five fixed gain
[9001]f | &imire £02shows1@xshengatiyodiagamnof the ova;z&leizegamsmhﬁer

e n t O
Yo TR e PR D 2BA Gl P O s meccivr (e
3@ 8ed 36y bdltiiz ecohlanenwiliph efbetim@diidd tenjpiventiong
vari abl e resistor 2114a feedback configuration
respectively between the OQUT_N term nal of the
anplifier 2112 and the non-inverting input termnal of
the anplifier 2112. Another variable resistor 2114b 'f
196291t ddetsoruie gaint sizgeRIP6 popwsthioh dive dreed amadpplifgre 21022,
2112, 2ok 2 bl %ﬁtzﬂa@ | D0H ot W BiRhe Of reb R BTBUIGEH 0042,
Yy ~Con Fold Beratio o e fee

Eﬁﬂnﬁﬂnﬁ&:21@4&H@ﬁﬁ02&14b via the fine gain contro
signal 2004 (see Figure 20), the gain can be adjusted
in 1dB step over a 8dB gain range. A GnC cell (not

ous) and AR asidedtadl 2008 {s feBlRiedShDWA)angilfien 222 asnploying

he f'eedback circuit to cancel the DC ofh{gt One, e g] N
ofarigble arspiston 21 Mt Gredback eombigpiation resPEHE eho Retrg thg QYT

| tglgﬁl k?lt c%q{ i 2t ghﬁér 21*1% ﬁgﬂé ﬁdn%v%ﬁg inplff 'térﬁnﬂa'[‘ %f HeNiiplifier

81 st or I's coupled to an
tAnai AabtherGraeiabledesiftoa2 ldbiis t@mected 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

WO e@s®180 2 116b is coupled to an I N_N termnm naPC[/80R04000030
The IN P termnal of the VGA 218i/2 18q coincides with
the non-inverting input of the anplifier 2102a, while
the input INJSf term nal of the VGA 218i/218q
coincides with the inverting input of the anplifier

2102a. T ESt JP t.erm_nal_, i o coupled to_t
(02 ey N R dcrensp 9k the 48 TR ca s W henqaverting

I f RoUp! f
Sl 202 S i e ooy

Esfincides ayifh ﬁhalln\festlrtgdnp}lt theoamniéien adeda. vBledM_Baemunal is also

PSS B ESS c8 Aa  Ben B SR v

ptegmhal\/lg fgygt qmupleggdé ther[ng‘ theﬁ*xh_ﬁ}?]lajfphd: t:sam 6211&18(,Flgure 19).
n t tp

Zfé ﬁdﬁaqn &ecﬁﬂé’l é%‘lu}a ﬂseFOLﬁ%iz@ fhe neg ﬁ%@%@a&? faniljwels of the

NAPHARYE LT HNY ZIU@UtZIQ)cht @ﬁozam{d m@ze SHRPhe W INE tdrRfnal is

posi tive out put term nal of the ampl I fier 2102a is
cavmpledt tedthe cpositize i awipait ttemgnala pdtthe fanmhﬁelan%)lmﬁ,u 2102b, 2102,

Q)é@ Tan& 99@ tr*egﬁtyfdglgpu% ‘Pel}rrn?nall %% € C?mp;illfie} Elﬁ)r%allsa cr:onnected

lers are casca
ftashle aon-asvehing ihfe ofithel daniplifier 2 1024 wihile Clgspaittd otipud terminal

the a 102b Wi he excepti on t hat
d&ﬁ%&@%ﬁg %l aPmteﬁféa&h%lﬁ.nr‘feétfngzmﬁ@fﬂ@rmm&eé%@b
the respective switch 2 104e. [00206] The gain of the
coar se ggln stage 2006 can be adjusted in steps of

E9805Iov df wall hewmprepiated thahthe anipjifictse 108atosdl Gajare cascaded in a

s 1 nsRDHR SRTRe 10Dl BB A NERfer 2102,

owtithp the dxceptidnhtbatsthé ectpedtcaninhisfaf ehs aRpliRer, 21226) Ridminate at the
2102c,. Zlozgéﬁg 2102e are sent to the fine gain stage
WS S ©anplication, if necesssary. [00207]

The fixed gain anplifiers 2102a, 2102b, 2102c, 2102d,
2102e and 2112 may each be a sinple source couple

[P4206]ar rEheggaine af therreerss igaiinstagsi 249628 hecrslivséndniactang of 8dB,
| RRd 2 Yogk g%ﬁPm&, IJ}) ﬂi@ chate Eﬁﬂ%ﬁﬂr&t s(i’éna?§802 closing the desired

switches 2104a, 2104b, 2104c, 2104d and 2104e, whereby the output from the
selected amplifiers 2102a, 2102b, 2102¢, 2102d and 2102e¢ are sent to the fine gain

stage 2008 for further amplication, if necesssary.

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

connected load (not shown).

I)c) ASK Demodulator 222
[00208] The ASK modulated signal when directly down converted to Zero
IF(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(which neans LO signal is at the
waame/odnegquency of the RF carrier) will be a spuES&2008/000030

wave irrespective of the nodul ati on depth. The

anpl i tude of the squarewaveform depends on the

nmodul ation depth. Since the nodul ati on depth can vary

from10%to 100% the anplitude for which the

denodul ator has to work varjes fromQ.05 V(p-p),tQ 2 V

Biom fapeds G HiegHOping 4B are e Het Qi geph @n vary
S 1095 1Se0pAULRL ARQith e oA NhieD ehe @drastiugdt@niads. to hotk, varies

the ASK denpdul ator 222 is optimzed to work from 10%

~frrd OWSABk0-B) tgrRaV p-p)-) Hgneapdyigh swingxpoparater Aoy shewa) is used
- hi t 220i peal i chd 277 ;

30 Ao 85 AR SodiSfediBET, R, BleCASk RGN E D72 o

| 6pMipgizdd tp worktfiom 1%~ 198%APR4igRalsse- Shapi ng Fi | ter

(PSF) 238i/238q [00210] Figure 22 shows a bl ock I evel

representation of the pul se-shaping filter (PSF)

Zi&iAﬁéggzdﬁmmae transmtter path 204 (Figure 2) of a
F% I'D transcei ver (see Fiqures 2-6) built in accordance

Wo2n9kan Bieb deibite ADGSF 22¢220q Msp t piberlingd) @schitpetyyge tpopbtain a
238i / 2384, ngl an_j hi fter 2202 whi ch
rBRS H%EO %lﬁﬂiﬁr?gu ésslﬁlgﬁ%{%?dcnﬁ\@y%m tted by the
respecti ve DACs 236i and 236qg (see Figure 2). The

i nput | evel %EIB er 2202 is coupled to a second order
Abbiparneiteepaifd®?i | ter 2204, which is in turn coupl ed

t PN Sh el BREOPSFPLIRIN3IgNebyshev stage filter 2206.
The ano hegr second?or dergae:hebyshev stage filter

206
%924 8Lip| Beure?Zaskiawssa blgek devebipresenation °§tﬂ§g@ﬂ?‘?‘?2}{aéﬁng filter
2 H i | 1 & .
¢ @%?P] eZE?MSq%n rtgé; ’rugt%fx}tﬂﬂér éa\gl}’ ?{}]4 ?t‘:‘l'g{uteef) A2 RFS tﬁ%\/{\:ﬁi&g (see

I'rst o ter ge filter 2208 ere
t Figues A bullemelccariarfce avith22 bhbodinpant of the dnventions t he
nodul ator 240 (see Figure 2) input. [00212] Figure 23A
shows a bl ock | evel representation of the

pou23 8} Shemd PSF D38i1288q (fiXbidks 23 Biph2l38el shifteir 2202 which receives an

t( é)g‘gtssringgl ?thjc%aits rg:mzitct)eda lgyF’ihg %s% ecztgve %Aés 55 éi[a)ma rﬁ 23 %seele \f*“?ggure 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
w@eb@sager i stics of the pul se-shaping filter PSEI/SG2008/000030

238i/238qg.[00213] From Figure 23B, it wll be observed

that the pass-band frequency 2302 of the PSF 238i/238q

is tunable to be about 40kHz, 80kHz or 16CkHz. A

filter select signal 2306, operating in line with

tabl e 2304, determ nes which pass-band frequency 230

100213 e direw Figure 338 at wilb observed fhat tf@rpaé?eb%@tffeélil@}%ﬂB 02 of

FHORSE 251/ 8,35 clidBle (e SB5h AR S| PRARS 28 Bltr selec
S‘s@rﬁbt%@ﬁg n%grr?ﬂﬁgﬁrelc bind IC\gutlr etsblg hZSt(lZPSRie%ﬂideﬁ 3®bichopass-band
sty lrcldc ALSPIo i o 0t ool eitguege e

4881 7830984 Haays passsaaﬁqhﬁn@lnéyr&quaﬂquﬂﬁ Akeudt 01°, the filter
16CkHz; whil e sel ect IS not used. [00214] It was

delset maeﬁ 2396 \centigres ﬂw@%%&s@é%m baves ppgsshand frequepsy of

P 2 I .St
AN e el A L AR
r238p238q toe]hm agpedstmngd dequchegtof @bodt 160kHef wbe délect'1 P80 not

560 KHz and 1120 KHz respectively. [00215] To
ﬁﬁ%@ these attenuation requirenents, a fifth order

bi quad structure with the first four poles being

realized byaChe%shevfllter and the last pole b 92 .
1082141z e dt Bips dessgibed abwyret thatf the thapablgapulas phagingafilters é&’ﬁ@ 38i

gaﬁ‘igqscg-g’gﬁ 2‘3'%5 o @éé?gglﬁ%é HEW rsgét‘é’é?matﬁcﬁ%%as 1? he 150 KHz, 300

structure was chosen as it ess
déHz and 75@@2&0@@1&@&& aud h wecong agtamhiatids of he dBart 280 KHz, 560

n top band frequencies are rel ated
%ﬁg ‘gﬂﬁﬁg% ?SP?"z‘rVgly the resistor deternining the

frequency beconmes multiples (RQ and R2) as vveII V\,hen
the capacitor (Cl and C ) is, constant

109213} or ko mest e RPNt TegRirTmes, adlf] E’a‘;g 2 téﬂuad Structure with
t t r

SHPFRRL 8l REFER L ETIASUSD 0l i B

ietdizefl IbU@rBtrt‘@sxp@ﬁt filieriwas empiisgit Higueodbiheatsdhe biquadbgiusture

()@h. shown) sends the filter select signal

[00216] The bi-quad structure 2400 was chosen as it has less passive (RC)
component value spread. As the comer frequencies and the stop band frequencies
are related for the three filters, the resistor determining the frequency becomes
multiples (Rq and Ry) as well when the capacitor (C, and C,) is constant. Hence, the
resistors Rq and R, 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
wa2088012and 16CkHz. The input |evel shifter 22PRT/§6098000030

conpare Figure 22) converts the comon node voltage
fromO0.25 Vto 0.9 V (VDD/2). The output |evel shifter
2210 (al so conpare Figure 22) converts thecomobn node

vol tage from 0. 9 Vto 0.35 Vto drive the nodul ator

240 (Fi

Wﬁ’éﬁn‘%g*%é%ﬁo Ha ngc?aYﬁ?NgﬁPb@ %H%ﬁg ﬁt%ha&ﬂ@%;gf 58y Bigure 2)
shividess PVtRDBasRA @lnp%@ @&)t @n@wx%ovwrl@ld tHefRSH m@izmﬁtmgn% 2) and

consunption i s about 8 tn ower down

dthe level stifiers 2Ap2 amhzzlgf) méﬁgwmémlpa@&lucwrrermonqumpél)on is about
ML B p A db BRI burfeh@UfiRusd u%vngsﬁ%awa@s fygvel

represe ation o ato igure Wh the
transmtter path 204 (Figure 2) of a RFID transceiver

(see.Figure 2-6) built in accordance with an

éi?&bk’fﬂﬁ]gﬁ“fo &%Ot he invention. [00218] The nodul ator 240

gm!v esFikie 25heRs ARk avePRpRESARIRS dffthéaﬁad\ﬁﬁ& 240 (Figure
ASK and SSB- ASK t hrough a B- ASK unit 2502

FR-inde wnsmitsmthadd Fizsse2)adie RRID ﬂmeV@re(§?fe%gpx¢eﬂ §), built
T. t 2504 and th
%%C%%I@g%%og%gémggEtﬁt}lgﬁf‘ég&lg|mng a sw ?(r:]h 25(e)8
The nodul ati on depth provided by each of the DSB- ASK

i.t 2502, the PR- 504 and - ASK
lsasr < BinvpSiiencHl o on Rd0r PR SOPB ol DSB-ASK.
sprnaik 3ad OsBYASK eyuges DSASKSEI@ital 502 20 PRAVSK unit 2504 and a

di fferent nodul ati on depths. The nodul ator 240

. m-&mﬂ@a 35 repeciyale, L BSP-AFRGR 29001 PASK unkt 2504
ﬁbﬁogﬁll? bsdd g rc%n%@lleﬁh%‘ﬁ% 2 RO B50€V ehe modulation
representa on o e Si a ft

e sing nd anpli1tude shi
kdeptinprof/ SSB-bASIKYh uﬁthb MAS@tmﬂmlﬁRﬂ&j@mt 25()4 and the

U568 3T A0 LSRN SRR dGaR s ol 251

[ W08 e&ﬁ%ﬁsﬁgﬁtﬁ&aﬂ Rive BfFO4nd Iﬂ@(ﬂlﬂdﬁﬁﬁl depthk- Wh @fodulator 240
2612i , Q M xer 2612q, a summer 650, a 0/90

qma:db%\truwl@ngmt@%a$ln@@‘vﬁb?r&9@lf mmlsawﬂ]aialgé nEMHK | ocal

[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 I-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 2612i and the Q-Mixer 2612q are coupled to the summer unit
2650.
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oscillator (LO wunit 2630 and a single to differentia

converter 2648. The 0/ 90 quadrature generator 2646 is
weowploegtic o both the I-M xer 2612i and the Q MEESG2008/000030

26129, while I-Mxer 2612i and the Q M xer 2612q are

coupled to the summer unit 2650.[00221] The I-M xer

2612i and the Q M xer 2612q respectively facilitate

nodul ation of a carrier with a frequency determn ned by

the external LO unjit 263Q, where.the rier is s
0932 at él"élewil-ll\ﬁxpr_ 2ol 2 s?ingng'{e g%ﬁ/% eralgg %Orﬁpgcg‘{eé)h Sfacilitate
206 RMktiohtorW ddridiew P RIRG LS deteRinel 1§ the dRkMaPEG3init 2630,
and the Q data 2648q are anal ogous to'the | data

sivlymathez4gier (sRingdulated Witdidddath sigml 24ddi anddd aatpsigegl 2648q. It

(Eigure 2). aft CELSSI Y | r '

b habishd i BERBTIAS: bl % WERPREE) 15 iRous to the
(IFigw signal)248T (Figne 2 ahd tHerQ Matahsigrlal R Se(Figed 2) afierchrodessing
Q M xer 261 he d in.the . unj 650

B b JACS PR aoR M 2hHd P BT oAy A e 2).
Zl)kbe i) FRAVEe 1AMk D6 eSi atti4hd Q?M%?e]r Joil 94 bR Rén S8@ESIn the
a block | evel representation of the power anplifjer
(semep 4nit 2659 frg amplifissontie thepatvisr 2oplifiqri2gd (Bigpe 20f a

RFI D transcei ver (see Figure 2-6) built in accordance

Wi th an enbodi nent of the invention. [00223] The power
amp) Péwer A@ghfienrddudes a progranmmabl e attenuator 2702,

an I nput matching unit 2704, power FETs 2708, a bias
supply 2706 and an output matching unit 2710. [00224]

28 O &FEBb I Bowt b YRS C] LpPbehtttiGOBPINE Potver dbiflifier (PA)
Eﬂ%u@ nagchingsu%it 2704. ?he%pomer FETs 2708 areﬁ

Hdpineitie tansite ppht20eEigiing) ohp (REIPoganseejueryfjseg Figure 2-6)
uppl . ' unit 2710. The

ozt iactdidin @At ERMANERIELAGAER) | 2 by a 4-bit

control signal 2712, while the power FETs are

(3358 ' Eiegut RRtEhen 20aRaf e tinasgr 2702 an
ObRUaRhing LWAHBIY @ GoRet FHITs 708 9fbids Jipp B 206 ad vk routput

added effi Ci ency of ‘more than about 25% may be used.
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
progranmability of transmt power in step of 1dB upto

WA s@R091BBEe vari ous conponents 2702, 2704, 2706PCRIGH08/000030
and 2710 use PTAT reference current source to enable
themto operate fromabout -25C to about +75C. [00226]
Fi gure 28 shows a schematic di agram of the power
anplifier 244 in the transmtter path 204 (Figure 2)
of a RFID transceiver (see Figure 2-6) built in
accordance wi th an enbodi nent of the invention.

g-lr%ﬁ\ge YRShRYS 2 SHRRAS r@ﬁa%ragnz Q2 th2fBfer Adfiffier 2488n the

ure 27) are connected as shown in Flgure
ﬂﬁnsr{u(ﬂﬁﬂi@]h 204 (lheurerﬂio@rﬁ AgREIDs rawgeciver (SegUfigurpg2-6} kuilt in

|ne %%gkg %@ﬁF&8&%mn§&ﬂkgk*%ﬁ“ 44 is designed with

range "M2 are transistors
haV|ng a cascode structure. is biased to operate in

cl A_nod he b
VR ¢ TORGBHGARPORDHT & aﬁa%‘f%?ﬂ%” AL ura ) ae
cgm&g&gjggg§@g&%1ggkgge out put through reS|stor R and

capacl t or I mproves the linearity of M. M3
and M4 are transrstors used to power down M2. M3 is a

@@]V ol nstbSt b o'\@gn show?%h ?nd Ptlo%{r \é%St ?Lgingzﬂd 9%% A Ii.l)%wer
lagilifieh @4gatse dasinbdgRitof158B pewauppitiod draﬁgeoth eardk qu are
of M2. \Wen the control voltg%ﬁn27 4 is hi

he
Grngploysshaying Bascqdestetar- AL Pigied i opquate; q’% CIPsRMCROS the
tbﬁe%%ﬂtﬁé@corﬂmg %ni SPPAT iRkt ?109 SHWRm) @bineeRA thir@high resistor R2.

circuit 2802. "The function M4 is to connect the
gaz es csrelfr\rﬁaaed frdve the outrat tlyowghoregistar ot .aﬁ@ cenfrqﬂﬁg C3, which

v|e§ g}%%ﬂ ) tf AR O# Q?(ﬁ M4o£rc I'nlans1§t81% %e@d%n M2,

part e output nmatc |ng |rCU|t
2\711 @sdﬂ\:h[\/ﬂbls fﬁﬁﬁzsvst@ieshlamisl umdrtqomm:h dnoandandf mptgammlﬂagadf M2.
edance of_ 5 mum | qad i ance
hertit, contpbaaegn oy 4 fdavaiote vitge sERFR PRI fum the
ihegdirnowabg aeadnt-Hitsoliage gmsrsdagrﬁ%a @utd of MopRIcut off from
e bias supply unit 2706 unit as [I. Capacitor

|the draje o5 0L A4 éap ABYIOST trwrstooovleelppﬂr part oh 3 Rovies eticpontrol
Icrllr%llillrt‘ 5862. L’%heaﬁgct?o"i!lpcﬁ%& ¥ to COnfHLhe %'a{e 0?3 Rethe ground to aV01d

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
conponents are integrated on chip. d to C5 may be MM
w@eapaoi)srs, while C6 may be a MOS capaci tor. RCT/SGZH08/200030
may be spiral inductors on a top netal layer. R and
R2 may be pol yresistors. The bias voltage is generated
froma PTAT circuit (not shown) which nay have reverse
characteristics over tenperature to the power
anplifier 244 so that the resul anLcharqctﬁygstictcg tire
pernRsterste ol DOFeT (IR r Bt JPEPPENRR AP | 3V afl*tovEF (e oO
efﬁu&gmr@gﬂgﬁocq&gﬁoﬁ om -25C to +75C. V)
I cation specific integrated circuit (ASIC) 408
[00229] Figure 29 shows a block | evel representation

th i gital. i L-Oon. W Adz i ntegrated circuit
Phgeeicdst pia MR LRBITRSICIAGS L 7 SR
[DOZ29F CeFigRie 08 ahotvi gubleck2idd}l trpidstntatioraof dreddigiel apiplipation

TSR ot DS U5 8
{({%@ﬁ £bi69BailGh abftRadBE! Rith kA BEGBEMRN dBBEfvedtite 2- 6)

rough a power gain.control signal 2902; a nodul ation
schene and depth control signal 2904; a synthesizer

anmm n | | ; C '
6281 TR QLA w0 foB) g Rt a e
Firgfiohs 3916 RAMD tMGécedven i(seo| Figura o) Gbowghng poiveR gain control
signals 2912. mruni cation, with th Sl C 4 S .
SHEHA GV /s e PRE Sebet S APHRctoiol Redi Ad: & prdpesize
i@rﬁm §88a1 008 £pdrer doRD2BHIroFGiEn #0808 £ filteh@itch, LNA
ynt hesi zZer “progranmm ng si gnal 2906 can be useg_to
cwitch,0LOt $veitabpeqniol siEnd) 2910 apd (V Ghecquigk I gy Y &4 pontrol 2

whi | V 1.0l : V oAl Ql achiSi 1&rial
S e, SRR A o B & sl 0
pefplidisl ihteMbe 2gbBa1§ @lsgseeFighre 900232] Tabl e 3002 in
Figure 30 sunmarises the logic control of the ASIC 408
and the corresponding effect achieved for each

j083PACt iIFe kQable, BRAHREESIzernproftahdiing sBHAP 2906 carmbe hsed to
appreci ated that the RFID transceiver (see Figure 2-62 d
contaek the wmeration of i, PHlogie (g Fagure 6 1l iy VS FopRel 1 an
RFGR LhARES SlXL 26 L& logb B ofdrafiGF 6F #83-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 212g, 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 registers for individual control of each of

wao b@siositdosi dual conponents (for exanple 210, 2BQI/S@ME8/000030
212q, etc of Figure 2) in the RFID transceiver (see
Figure 2-6). Tables 3004 and 3006 in Figure 30
sunmari ses how each individual conponent in the RFID
transcei ver (see Figure 2-6)can be powered down. It

wi || be appreciated .that sel ectiye ring. down,of
EwebeiaarPEg dofr i vt becmRsiin: £ SR MG alim of the
debraghamidbl thepdRch faiBntGeddbaiging of th BB t2anédeiver (see
Measured Results [00234] The RFID transceiver (see

Figyae 2-62- 6) was fabricated in a comercial foundry

using a standard 0.18mm CMOS process. The anal og and

m xed-signal circuits are sinulated using h-spice and
Mieashed Bleadtss si nmul at ed usi ng ADS (Advanced Desi gn

n,.,T FI D tr.anscei yer Fi - was .
ﬁéﬁé‘igeg he H&JBI %Wsﬁ%g?r ég?rﬁﬁubﬁ( 21%? f’@fgﬁ%%%dg na5e9°%%0131
'ﬁﬁhﬁ& SRS GRitSdard DEBH BMOS Prédesd)eMhe rataldg eandasgixed-signal
eval uated separately on a FR4 board and eval uated from
girt@ipereasinndated ualwguh-spiesadt theaBBublockss simylateg sz DS
reader st.e I, NCOrPOr @k r [ .
R 3eeS By ER R PRSI el e TARRE 20 s xR BBpcd in
taNewi- dbeée Edrh@Brcia T RM160 phellage.c The REID teanschiverdsredFigizee2-6)

on 2-layer FR4 PCB pmaterial, wth_conponents o nk v,

oREogIES oFay Sl SRRSO o0 BBl i v peaed from o

?ﬁh@é}aﬁrec QEPILBhE -geuURd Bbane7s5the AeHE NTE r&dder system,
ree

such UHF RFID reader systens were tested and |
doompporeihgnat RFIDh drapsaeiver rfegec Biggre @dvmitiléiig| aopordance with an

avai l,abl LScr et der. .. I. 1Sy,
SRR Rl T 290 R AR o SEB ys
PCH anmkerial) Goittpedmapdnegts anRmlPDobe sids o€ itheePCR spd the gthiereside of
2-6) built in accordance . wi th an enbodi ng of t.h

TiobrB R5HE HeAEpEs arﬂgld&?ffeo?h%%@%’ﬁn%eo (iSBFIL D HF RFID
hegfir %?ﬁ&mp Weky (30081 E0Re4k&IS with GBe Pelfoimidiide &f Todmercially

shows the transmt spectrum mask 3102 for a nult{ple )
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 environnent, which neets the EPC Gen-2

standard. Channel spacing 3106 is about 50CkHz for US.
wo-e@aioti2gure 31, it is observed that the nmeasuP€rSG2008/000030

out put spectrum 3104, facilitated by the PSF, the band

limted nodul ator and the power anplifier conponents

of the RFID transceiver (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 with

(602390 OB 3 HowsBedsiMANab@R JhaQ2Ade &t mﬁg%ra@woz)

rreasured carrier §)hase noi se at 860NHz ra

M@W/E—Iﬁgrg@r% g@@&fﬂbfra@cmr[ﬁsqeﬂag@e r@&uﬂ( ipeascordance
U Ol e d T BHESY IAREE 3 5P SRR coRisen

Inven 1 on. Igure trates t ere
plms nsise rdvepﬁﬁsatlr’mREED CDJIHT bl veretd the Iﬁ&'alsﬁedlhﬁls‘eam dbout -

ere d ois i s .ahout - | A dBc/Hz at
l@ﬁﬁ%‘&%ﬂf &%@HB OPh@eE‘F@‘ﬁq?@?ﬁE%?gFange [ 00238]
Fi gure 34A shovvs DSB- ASK nodul ation of a RFID
transcei ver (see Figure 2-6) built in accordance with

[00238hh oBignen 8441 shows PHBIK onodutatipnr ef 34RFIh dragsceiver (see
R- A t
BuSSTROML  k0hes FLP chAASER, Ve e o 3
anmE’il@ASKFmgxdulauSﬂbeshoRBI[SS&néc%am@aé ditigom 246) abuilt in

RFI D, t F b d
Ao Sitlol SERPIGED AB tepartionn. FishiraC Sk SERask
AEuAEIR T ] REED L RBsRDGE (Béd FighrdD-a)Shuig mr&cﬁﬂh@e W1th an

transcei ver (see Figure 2-6) for all the nodulatio

swhedient st theuinationh Figpes &fdal34Cedumonsiraisdas gossiility of
t se
ngﬁ% tﬁedIﬁ?BLﬂ‘a%gée S?e% %&%grh F)(e) (g ﬁlteelqo&hﬁt%g&h%ﬁ@s used

resolution Fi gure 35A shows
&nd?ditaﬂhla efPG elobil Git- Qestandasboﬁ@he derslrletii sheduldsmhodepth abi be

g%gE}F %gﬁl lgﬁﬁg’% heb&tf&gpﬁt %grlen\?;eﬁ%l 2? | le igﬂre

35B shovvs a channel - sel ect filter response in talk

node of a RFID transceiver (see Figure 2-6) 3UI|t
(80239 daFisradd4 shawe moelrpedrselest ﬁ}tﬁerqspﬂpéﬁtlp Jsten 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
wacec@sngesce wi th an enbodi nent of the inventi oPCT/SGE08/000030

die 3602 is about 6 x 6nm and manufactured using a

1P6M 0. 18 um CMOS process from Chartered

sem conductor. The die 3602 can be fabricated on A

TCP 100 package on FR-4 PCB.[00241] Figure 37 shows a

& ot agraph of _a UHF RFID readeﬁ ysten1|n§UFEP ﬂ%

PR ;¢ dgveei 3 shoswe arpheireraph 69t pii VHE REID: gp hogystem
%cd?pﬁgtmoﬁ*ﬁﬂ? RtanSdeiviel QséenF%'ﬂ?é 0Lk) ]BLQQZAZLCC&'&;HE@W%& an
shows a tabl e summarizing the perfornance results of
RAEIDdiment o€ thevieventieme Fi gure 2-6) built in accordance
wi th an enbodi nent of the invention. [00243] Figure 39
shows a table summari zi ng the range performance
joe24d]t s Rifura 38%[15);:5 aaﬂﬁﬁgthgmanilﬁg dxeF;begfdirﬁaﬁcea)esmwdﬂa RFID
in accor n odi rent of the_ invention.. )
[tEs5eaer gﬁea v 0 Rdlien e %f‘pwﬁ an grbgdigieg; fdhe ingption
pass filter (channel select filter) of a RFID

transcei ver (see Figure 2-6) built in accordance with
W24&bodiigaBchovhe tably emmmavizing e yapgp perdemiageg esults of a

éﬂ’IBI {rat\}%?ég h@@cg%}u;eoi 6Z|b§i‘é(ggac%81%%n$ea&%h aLx %%%1mex}t of the

ure ransm ssSion
(ﬂhﬁmnRElD transcei ver (see Figure 2-6) built in
accordance with an enbodi nent of the invention. The
si gnal 4102 has undergone analog filtering but not

dadjat IgsrY @0 shbivd WieS S BOWRlidtal 1N DALt filedt (EhMABl select
2?04 frg%?g RFED tranggg%gér (segaélgurz 5—6) éUI| |?$ec

diteorof arRidDyfiransceiver ésps Figwie A10) brilitinacqordanae W@fh analrkbﬁélment
\Mf‘ﬂtﬂe J%Vgﬁ‘foﬁc tI'hg Pes OitsE llsote% 14)}%@%01@1%1&&4% 0 a ers%san@.

ransm Ssi on run1nask cei ver
(see Fi gure 2 6) bUI|t i n accordance with an
it of the. invent.io inst the detecti
ORgesT pd o 4 Ghombr peh SR e brsriignpad of & RFID
MR e Qe FRASS 26N baAT iR addokdantd WE 6R eMBbOdilrRBEofth@idiention.

2-6) built in accordance with an enbodi nent of the
i Theesignabhl02hagumd eregmepenalog 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 spectram 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

RFI D transcei ver (see Figure 2-6) built in accordance
wowdk/ogn23enbodi ment of the invention.[00247] FQUs&2048000030

shows wavefornms in a receiver path of a RFID

transcei ver (see Figure 2-6) built in accordance wth

an enbodi nrent of the invention, where an ideal |oca

oscillator is used. [00248] Figure 44 shows the effect

se_noise, with a pl ocking signal,pre ,, on .
WA DEiBRis Csttudreslut 9 £ PerRtBEpubRE £ Sabisrgireiver (oo
2rhrdl6) builtin 3624488 G/th Wh lethbd Bin®AP O£hEBRenfbn, tWiRre an ideal
i nvention. [00249] Figure 45 shows a two-tone out put
slpseltgsoifatorisused from a power anplifier of a RFID
transcei ver (see Figure 2-6) built in accordance with
an enbodi nent of the invention. [00250] Wile
¢00248| neRigareof4 shoevsithe efiféct ofiplaw @oiseemitlpabidckingaidngl present,

shown d descri be i reference ta specific,. .

o b S A ETRnee o T AT (sl 1'% 6 Bl pggpdance
| FithRE eAbbdintat oM@k iReAtichanges in formand detail may

be made therein wi thout departing fromthe spirit and

scope of the invention as defined by the appended

L
warhplifiert b anBEHD nganacwdvar afsgge Fofure ub)y hdinay aoforddmee with an

cl aj are erefaore intended to be enbraced. CLAl M5
V\Wﬁi’&ﬁ?eﬁﬁ cé‘{t{;r%’ﬂ‘v?@?onl. A radi o frequency
identification transceiver, conprising: a transmtter

pat h, conprising; a pulse shaper to tunably shape th

. ! ! P e
pOA258] of Whils; qypradimentpef theaiyprtionelpvierpegn prejoglsly shown and
p{i}(%gﬁﬁéd]%gh fré]?;ﬂ:ﬂ@@ﬁy %;egi@ig @tibo@iniEAk LadhBh1dHR RN RE By those
the shaped pulse to be transmtted’ I nto one of a
pskilled it yheofrt phatdedrione cbhinges) ue noym raad gdtail anayeloeimade therein
p\%&tﬂbutcgeryz)nr‘t%nsgl RO 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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a denodul ator to denodul ate a received signal froma
plurality of predefined frequency ranges. 2. The radio

wo ec@goeney i dentification transceiver of clai mPdT/SG2008/000030

wherein the transmitter path further conprises a

di gital -to-anal og converter to convert a digital
signal to be transmtted to an anal og signal to be
transmtted, wherein the digital-to-anal og converter
is coupled to the pul se shaper such that the anal og
signal to be transmtted is supplied to the pul se
shaper. 3. The radio frequency identification
transcei ver of claiml, épggn the transmtter path
further conprises an attenuator to attenuate portions

Whafis elpanefogul at ed signal to be transnitted, wherein the

1.

attenuator is coupled to the nodulator to receive the

MO |2k & ReqiledNAldedtFidRBord frARSAVL! &n Aﬁsiry:‘e radi o

frequency Identification transceiver of claim1l,

wher.ei n a ] t path further conprises at

I egast?an(s’)rr?tét&gﬁ%th% rrfs{n%’ anplify the nodul ated signal to
be transmtted. 5. The radi o frequency i.dentification ..
transcei¥y/ Seos?‘aBefréP ]réfrf‘bfyv\i%l’%hﬁ R ‘?%eac%g‘% O éﬁgﬁnsmmed m

further conprises at_ |east one anplifier to anplify

the recditf@antoreietined Bequengy 12BgRSo fr equency
identification transceiver of claimb5, wherein the

anpl i fi ermpdulator wynadilate thgllaped pylse to berhanspridigdointo one of a
frequency identification transceiver of claimb§5,

wher ei n phivelitymp brefdeBmeddomqpencyeangesyo anpl i fi er st ages,

a gain stage and a single-todifferential stage to

pr avkétever phihl sdmystisifeer enti al signal and a second
differential signal. 8. The radio frequency

i dent i fixC @bmOdulhtbARS CRINGAGIQS aClkReied  sipherfedd 4 Nfurality of
receiver path further conprises: an in-phase mxer to

provi de . {ehsd rtideh&f GREdsal 1 n-phase signal and a

The radio frequency identification transceiver of claim 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.

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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second differential in-phase signal; a quadrature
m xer to provide a first differential quadrature
waegnapi2and a second differential quadrature sPQIaG2088/000030
The radi o frequency identification transceiver of
claim8, wherein the receiver path further conprises:
an i n-phase anplifier coupled to the in-phase mxer to
anplify the first differential in-phase signal and the
second differential in-phase signal; a quadrature
anplifier coupled to the quadrature m xer to anplify
the first differential quadrature signal and the
4. seddwdadip ficanensy identificalion Hepsceiver fitddim 10, The radio
frequency identification transceiver of claim?9,
wh evleirein tthee tramsoditerepatlp Airthef gempudses @b iqast eresamplifierge tamplify
one tunable filter to filter the anplified
di fthemedilhtet sipinglrtalbs trpusmitteted by t he i n-phase
anplifier and the quadrature anplifier. 11. The radio
frequency identification transceiver of claiml10,
wherein the receiver path further conprises: an

in j Ot L Jol ify the
' fiF?%?%goP?Eg?kg?F?gggﬁgggkh%ﬁ$%%§§%£§$%naI and the

filt.er e ' ' E N- [ N .
PSR 5P RS Loy OREE L aiBhiner amotty o
filtered first differential quadrature signal and the
fi "BEEE SE%ond differential quadrature signal. 12.
The radi o frequency identification transceiver of
claiml and claim 11, wherein the denodul ator is

coupl ed to an output of the in-phase variable gain
anpiliefrpdip freguanek édoptifieatien fapicriveeef dlaimered first
differential in-phase signal and the anplified

fi Iwlerad tleepudiedistdlewaniseamplifiephase signal and to an
out put of the quadrature variable gain anplifier to
receive the anplified filtered first differentia
quadrature signal and the anplified filtered second

di ffiRredb ifkbudtidd ddeatiBERiof i@ARkiver 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.

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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13. The radio frequency identification transceiver of
claim1l and claim 11, wherein the receiver path

wo cooslegn23conpri ses: an i n-phase anal og-t o- di gi PEI/SG2008/000030

10.

11.

12.

converter to convert an anal og i n-phase signal

provi ded by the in-phase variable gain anplifier to a
digital inphase signal; a quadrature anal og-to-digital
converter to convert an anal og quadrature signa

provi ded by the quadrature variable gain anplifier to
a digital quadrature signal. 14. The radi o frequency
identification transceiver of claim1, further

c oifpe iaglinfyequansyidentifiation trarscpvoiiglindei | | at or
signals. 15. The radio frequency identification

t r ghse@i the tecefvecpah fartheacsinmises:m 14, wherein the
synthesi zer is coupled to the in-phase mxer to

provi deaii-bhase haghifleP 6alpl @Sl the dhPhasel ADRL t& @mblify the first
i n-phase m xer;wherein the synthesizer is coupled to

the quagfrftdfig] MLpkake dighaP il the Secnd AT Gl %éélﬁgrﬁieignal;

oscillator signal to the quadrature m xer.
radi o f ' I i Y '
14, wnor SAERES LA LhiRd Bnd EARREREERePl bt s
nodul at Qr..t o pyovi.de an. i n- se radi regyenc .
osci | | aa’éfef%ﬁ’“ L%ﬂad eglga{}a?g‘a i?ebﬁﬁ‘éonr%a‘gf%le V%@B@%&VC signal.
oscillator signal to the nodulator. 17. The radio
frequency identification transceiver of claim 14,
wherein the synthesizer conprises at |east one phase
| odketpdiobpquehexidentificegion tramsceiyel of clai@$uency
identification transceiver of claim1, wherein the
pr edefeimthe réveicu eatyfurthergespases at Itaseoncamyeblofiltabiofilter the
860 MHz to about 960 MHz.

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

quadrature amplifier.

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.

The radio frequency identification transceiver of claim 1 and claim 11,
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13.

14.

15.

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
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. 4

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;
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16.

17.

18.

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

local oscillator signal to the quadrature mixer.

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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