, 3ezw@ 6<TNX 1 RADI O FREQUENCY | DENTI FI CATI ON AND COVMUNI CATI ON DEVICE
F| eld of Invention The invention relates generally to communi
devices. In particular, it relates to a | ow power, passive ra&@mmﬂlwmwwmmp
(RF) identification and communi cation devi ce. Background 10 A
or RF identification and conmuni cation (RFID) device, otherw se kngwer as a
tag, transponder or 0] }E) i dentificationbased
applications. These a%P&Q?lﬁ“ﬁéﬁ lﬂg'% jﬁ@é‘ﬁ??ﬁ%ﬁ , access control,
inventory control, live stockOMMUNICATIOSDEVECE €l enetry, and etc. 15 For
application efficacy, mniaturization of the device is desirable since the
device is typically tagged or attached to an object for identification of
t he obj ect. pRideMnSenticaader identifies the device through interrogation,
whi ch consists of contactless or 1ZF based conmuni cati on between the device
and the device reader. For achieving 20 optimal mniaturization, passive
devi ces areThg ﬁlﬁ/@l{tfoﬁ%lﬁ&eﬁen%ﬁﬂ' %GCOQﬁWnﬁ§§on MOICED 1RDEHERN, ?Qeclatgéatw aly
internal power sources. A passive device generates power from RF signals
transm tt edlasypewes rissveredip digaeancy @F)mhgﬁwomnd qeymaymicatigradpyiceBecause such
generated power is limted and cannot be 25 stored for subsequent usage, it
is therefore critical that the design of such a device is directed at
achi evi ng | Backgyomnd | nt er nal operations. To achi eve | ow power operations,
passive devices are typically required to provide different operating
vol tage supplies with different voltage supply levels for powering 30
di fferent ciAraoufattlds$ oxd?d‘sidmﬁtiﬂ@hﬁimtdnésemdmniicﬁm (RHD)Hlepias sthepviskevi ces ar e

al so typica re d tQ rOV|d dlffer | ock frequencies for
operati on oH‘ ‘%(Weasgﬂ?% %Sll?fm ‘flsncloglé'?(oé’ ‘ﬁg]rrgp’efoé’&ﬁ#épﬁﬁf@ﬁ?lg i ncl ude
i ncor por at i hapedappdiastions.i Tl&smﬂj]ﬂhbatloaﬂﬂlclnmﬁy Eaitiol AcaP@Birbll ty with the

devi ce reader unber . of .convent i onal roposals are directed at RFID
devi ces but “HSntﬂ%’tCOg@H?lé@sg%fhga e’B l?)fe%\'flegg’ QB‘E‘FW' di fferent operating

vol t age 1supplies and clock frequencies required for | ow power operations in

RFID devi Cel?br application efficacy, miniaturization of the device is desirable since the device is
typically tagged or attached to an object for identification of the object. A device
reader identifies the device through interrogation, which consists of contactless or RF-
based communication between the device and the device reader. For achieving

20  optimal miniaturization, passive devices are preferred over active devices, which are

devices having internal power sources.

A passive device generates power from RF signals transmitted by the device reader
for one-off or instant usage. Because such generated power is limited and cannot be
25 stored for subsequent usage, it is therefore critical that the design of such a device is

directed at achieving low-power internal operations.

To achieve low-power operations, passive devices are typically required to provide
different operating voltage supplies with different voltage supply levels for powering
30  different circuit blocks within these devices. Such passive devices are also typically
required to provide different clock frequencies for operation of the different circuit
blocks. General requirements include incorporating a read/write memory and

communication capability with the device reader.

L
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In US Patent No. 6,104,290 to Nagul eswaran, a contactless identification
and comruni cation systemin which use of two oscillators in a transponder
is proposed. The transponder operates at a higher speed during transm ssion
operations for transmtting to a reader and at a |ower speed during other
operations. By doing this, power-savi operations are purportedly carried
out. 10 In 11 786 to..’Yan tery-free circuit
For an_ RE DATHIOECoLsPBBUH PiSbos B SR AP Blh oBt B FOCHHFeRn Us. Pat ent
No. 6,147, 66 read tdpgsvidibot differ@nt@pEiating vdl@ge afplidsand cloek ﬁéquéncﬂa D device is
proposed. Nejthe [ t hese sals |.s, directed at multiple voltage

suppl i es- nuftaPBFEot OWCIPPVYCFBE%%t BFg’sR%Bé*"&‘FF%ns for 15 power saving in the
respective RFID devices. There is therefore a need for a | ow power, passive
RFI D devi ce_having different operating voltage supplies and clock

frequencfesfgp prémfl‘b} §i1A%2YoReYagelewy Hign, 8 sertanticesridentificaticngpdir y | n
accor dance %rﬁxﬂuﬁ@e&oﬁ%ﬁ%&ﬁ mq{'hxélhl?se'opmsb?&ors lﬁ%ﬁn Snddk ﬁs%ﬂz%@é& a
cati on device

| ow power, 5a33| ve radio frequency identification d co
communi cabl éhéranspaEleropgenids @ba hleh@épeeddomtr@ﬁmgsmmomatfon@ﬁt end for

recel ving @it IJ ARRMG bid 2916 eégb%dqgegrgco%&%p&g&oﬁ@'agﬂglgg and

extracting power ata froman genefra Vi ce reader,
a controll ePOW@rsavle@epfwti@gS ﬁrp@mpamﬂlwmnu{ttl ng to the RF front end data,
and a mggory for receiving fromand transmtting to the controller data.
The menory is readable and witable by the controller and operabl e using
first and 3&n E¥&ebatut Nwb3ahE8G0ifng esalde batregy-freadreait doraniRFED taeeis at i ons,

e e gl g e PO BB TR B T ™ e
i nventi on ank adirsuit fos elelberosiaiaRFEY demice s fropaaed ndetheooftthee ﬂfo@mngs, in
which: 5 Fig.,.1.is a hl.qck di agram of a | D.devi ce accordi to an

enbodi nent %fd"lcﬁtg‘??twgﬂﬁf S?IItag?gﬁ’szg'rf“émgle?@ﬁgﬁﬁ‘ﬁe&mﬁq %P@Ya&ﬂ?%ég an RF front
end bl ogk i powdigavig 2 thiereketieiRAfD@evidés. 10 Figs. 3 a and 3b are timng

diagranms illustrating encoded data decoded in a two-stage decodi ng process
using a forward deduction schene inplenented in a digital block in the RFID

devi ce of FirBere %;therefore a need for a low-power, passive RFID device having different
operating voltage supplies and clock frequencies for performing power-saving
operations.
20

Summary

In accordance with one aspect of the invention, there is disclosed a low-power,
passive radio frequency identification and communication device communicable with

25  adevice reader, comprising an RF front end for receiving from and transmitting to the
device reader RF signals and extracting power and data from an RF signal generated
by the device reader, a controller for receiving from and transmitting to the RF front
end data, and a memory for receiving from and transmitting to the controller data.
The memory is readable and writable by the controller and operable using first and

30 second voltage supplies during read and write operations, respectively, the first and

second voltage supplies being of different voltage supply levels.



15 Figs. 4a and 4b are flowcharts of an inplenentation the decodi ng process
of Fig. 3; and Fig. 5is a circuit diagramof a DC-DC converter in the RFID
device of Fig. 1. 20 Detail ed Description Enbodi nents of the invention are
descri bed hereinafter for addressing the need for a | ow power, passive RFID
device having different operating vol tage supplies and cl ock frequencies
for perform'#n% ower -,savgﬁ%perati ons. 25 A | ow power, passive RFID device
100 accor di B5%f BessHptiang B8%f the invention is described hereinafter
with reference to Figs. 1 to 5. The RFID device 100 exenplifies one of many
RFI D devi ces y@ii cally used in conjunction with an RFID device reader to
forman RFI Bﬁ@@ SRS o)étlile FRvaRtigRargsissiesed hsreippfics Rithyefgneedp the 30

identificat ygaRiaseevhmamp! i cations by firstly identifying the RFID devices
in proximty through interrogation, which is a process consisting of the
RFI D reafler broadcasting an interrogation signal and in response receiving
signal s fropmgt | ' ' RERL ii i tification
informati on?‘lagﬁlg%oﬁgc? %ﬁ%ﬁgﬁarﬂ@%eyg&e%h artgﬁ?'?fggéd&@gmg?ﬁ?he RFI D devi ce
100 i s descHiveeitbnherei nafter with reference to Fig. 1, which is a bl ock

di agram depicting circuit blocks of the RFID device 100. Each circuit bl ock
is configured internally and vis-a-vis other blocks for passive, |ow power
oper ati ons &igd2 dh a sshereatic giagfancof] antRdt frong empblpekein thei REIRtdgvice efFignipl ement at i on
of the REID device. The RFID device may then be inplenented as a chip, tag,
or card as known to those skilled in the art. In the RFID device 100, an
ant enna 102Figeciaiané §b hmettioringdjagramnillmstratiogmhdodéd duitgdeaddedden evastagt and

br oadcast ed the RFID devi.ce reader. ich.are deljvered ower
generation 8?%8’1?% PRESS U156 2 f%é“@&“&%‘é%?? Hﬁplflﬁgn%?delaﬂid?%af @B‘gﬁ'l&ti ng power
from a carr trelRFIDdeviexefifig.d;a 2. 45-GHz carrier, in the downlink signals.
The power generation bl ocks 104, 106, 108 include a rectifier 104, a

regul ator 106, and a capacitor bank 108. 15 In a passive device such as the
RFI D devis ceFikOla antl ab alelfoGkBarRlof aiC iniplérieatiof tHe o SARRY jRbYekd dﬂFi%?B; their host
devi ce becausg the generated operating power is supplied to all other
circuit bl o8 in the RFID device 100. The rectifier 104 provides a
rectified voltage and the regulator 106 maintains the rectified voltage

bel ow safe gperating 20 limts so that a generated operating voltage Vdd is
typically k@]@t5FWlfGMidWawfﬁiDﬁ-pr@nﬁé%mtb%?»%%«iﬁvicsafwgtﬁi n the RFID
devi ce 100. The capacitor bank 108 provides tenporary or short-term storage
of the power generated by tapping the operating voltage Vdd. The operating
vol t age 2Vdd Detpiled Bgscriptigbwer all circuit bl ocks, except a nmenory 110, which
operates with higher operating voltage supplies. 25 A dc-do converter 112
is connected to the output of the power generation blocks 104 for accepting
t he oper at i Bgbodimenty ef thg invantipnfaredeserihed hereinafteafersaddicssing ththraeed dprer at i ng
vol t age sSuppl. NER DR f . tatjions. The dc-do
converter 1%’5& E%Jfr’géag y out p&%gﬁ%&?ﬁt(gﬁgrr%t\?g%ta‘g‘%éﬁﬁlﬁﬁééh&)t hr ough

pr ogr anmi ngcl8ck fréquenadstionperionvif poweraavibg eperasions.r i pl e-ti mes that of the
operati ng voltage Vdd for read and wite operations, respectively. For the
sanme reason, a logic translator 114 is also connected to the dc-do
converter 1AJownpdwes pabsivs REID desier 08 aecokding foran @mbodimemaif ¢hd igveation bet ween

other digit %l degcirili)gé’l Lc;[reigell X I\§\z?th ire er%gc% to igg) ldtg\éi. cl“?xe i{gﬁ) gqucet 1%8 memory 110. The
exemplifies one of many RFID devices typically used in conjunction with an RFID
device reader to form an RFID system. Such an RFID system typically performs
30  identification-based applications by firstly identifying the RFID devices in proximity
through interrogation, which is a process consisting of the RFID reader broadcasting
an interrogation signal and in response receiving signals from the RFID devices being

interrogated bearing identification information and other data.



5 logic translator 114 converts the logic |l evel of data received fromthe
menory 110 fromVdd-h = 2 x Vdd to Vdd during read operations, and of data
transmtted to the nenory 110 fromVdd to Vdd-h = 3 x Vdd during wite
operations. This allows other circuit blocks to operate with the | owest
avai |l abl e operating voltage supply, i%'Vdd, i nstead of the highest
operating voltage so that the overall power consunption of the RFID device
100 is mnimzed. A nodem 116 is connected to the antenna 102 for

denodul at i NFhelewsdli aa&qnﬁétgﬁaif&eqmbakﬂwmoaﬁldéseﬁlwaiheﬁmﬁﬁemmi er with
downl i nk dat her ej haf t referred to as | dat a2bb, and nDduIatlng t he

same i ncom FECTRIECdQF1g; lerw hyip,a hlopk ﬁlﬂgralatdapwwr%ﬁcwaﬂoeks o dredtilBy to as
data2rf, i nhevidenlodnkadh Graai ﬁlocﬂs%gﬂfl\%@dﬁnteﬁ@ww\ﬁ@é -vRBRF BbAGIHS used are
OOK/ ASK rmodul at ed and encoded Wi th nchest er code for downlink and uplink
conmuni cét i BHSIVRHEY PayerqperatirRnsaariipatedat fasiitating aptimalveigiapyizebdul ating the

i ncom ng RFnﬁlﬁélﬁérﬁaftxoWO?hle@@tlﬁaéxtlcet hlﬁl@‘f@"i‘Dla@\qgéﬁ & fhéf bdigh tlé?ﬁ:eggédqyg whi ch

i nvol ves 15 reflecti ng t he mcomeneg carrier changi ng |rrpe ance

di gi tal bl oelkr.1am opeard ayknowpdaies ﬂbé@nﬁbn?rtof the RFID device 100 and
controls logic switching in order to mnimze instantaneous power
consunption of the RFID device 100. A power managenent | ogic nodul e (not
shown) in t hethe RYID d¢vids] IQQJ@H_‘@nEn@olQdeqeéspbxmomtipntom dpemlek signalsnl y t he
necessary b f h | bl ock 118 al so
port or oY anf et 88 bEAEAEH B KD ARALAAAR Tnic{ie ekl PURFL g

i nterpretat g@matlrmhbbiesltOér1060H]8rfgrgteeranhngmge wqdnremcrmrayngmwmmdoni @gi c. The

digital blo 1 c-,do _conver 112 for performng
power 25 na?n%rlgerrrg)ﬁfx%f? ??%gﬁz Cﬁg'e{/ﬂ%glgdff‘gﬂlfrﬁ(osl‘g@fg fPHE™W the on/of f
swi t chi ng ogextemomlbloclcs 1eenM6; L08rinclide aaeeifienl (4@ eegurwel10@fnd he hi gher

vol t age Vvdd- h. Th ]g)l tal block 118 is also connected to the nodem 116 for
processi ng gRRRIor g uplink data dataz2bb and data2rf, respectively, and
control isng via a control signal Cont nod, the on/off swltchi ng of the
nodem 116, ndthe ra sl 114for reading fromand witing 30 to
the menory ‘bpassl*ﬁee edcﬁls‘t‘ c@lﬂgf’%‘c? L0 Wﬁ&“k%ﬁﬁﬁré’&ab@ the a cl ock

gener at or 13jgrdbdlity 6OMEH Bbdt UBGotiedaude ﬁlerg&x{eeitecﬁhﬂfaﬁh E&Oér i€dubpliddts generation
of different_clocks with different frequ % her circuit blocks in

the RFID de etBereiguit blopksde thy RELREevieml egélt’ “‘@Pﬁ‘?fdioﬂ PlPZ’(Sleﬁ pEctifidher at es
reset pul segolfagé addRe @gﬂlhfo@llO@Ihﬂﬁ&mH}ﬁ r@d?ﬁlieﬁ D&t %L BAkw 4510 %E@r]étﬂ{ 122 under a

wi de range of voltage supply conditions, ow power current reference
124 t hat?0 geHmitastbatis generatad prasatingyoligge Ve lqm@cdlygqeptdpwmb‘é)ktolls and cl ock
gener at or _14imERSoRE Srdehe IR (Al A 06 Rgg ator 122,
which is pref élpab?,g a p‘rlogralm"ra | ow po(%/elrcggg(il’f AC‘R ﬁbgtﬁggz{]erat es I\/Hz
cl ocks f~, prQVldaqntgmpgaryfqmshqrh@nustgragabftﬂ)b p@&kerm&rated]bymngghello t hr ough
the logic tg t, I 112, 1 €S vely. During
communtcat | SeanBrOfast ¥, Meodnf oG FARKTNAE pBFNRIREENG Lo covses
t he menory dxceptianmenecayl 1 Y evhicthioperstes wiitk highereopetatiog vdltage fuppliesency i s suppli ed
to the digital block 118 and dc-do converter 112, ie fj f,, and no clock is
required by the nenory 110, ie fz=0. During nenory wite operations, the
same cl ock Ar@qiqsnmy:rtbxsl lﬁdq)qzdnhwthdttot}tehmtpd'tgithaﬁovtdrgakrallﬂaﬂbml@b I@nory 110,

ie fl f,, ile ck fre nc uar.t er of f~ i.s supplied to dc-do
converter W%ﬁ AR "% ??qeffitmg\)'{’alf‘flgg Iﬁé rgdc %ﬁ‘?FVteBHE hogher &}%éﬁ 98 i s
required i nvdliage sipplids forethe maimory mﬂ%ﬁ@fomn’fbnﬁﬁﬁﬁﬁeﬁdﬂoﬁg The dotdc! € ot her cl ock

frequencies are d on f~ nd as ar 't the various circuit blocks
are suppl i e‘b"‘\)(f‘ﬁﬁ@???&{%’ Bt outpuita Hgllleédﬂ%%é -hvhishlroygh Prog@AMNIag t yat i ons

such as 30 hethe oakthga MsveM ua@mpeﬁ%te_me‘s tRAof the BBétaitiy VotSgePMbYredd 0. W th the
programabl e dc-do converter and logic translator 114, the RFID 20

devi ce 100 ¢ VHiif QPsrafions.ipspetwelyotior ﬂ‘t?d%ﬁlf?ﬂfqnoﬁl%ﬁqaé%tﬁéhﬁlﬁglsqbr oper

| ogi c | evel cdrabsicid thé&fc'-déléﬁn\fehélcwﬂan@h&@iﬁ alpi?@errﬁéé ﬁngdhqll?gr loht fidvefsent
operati ng voltage supplles Wth the programmabl e cl ock generator 122, the
RFI D devi cebeitern;oshex digisalicisoyii WP?KSZ%thﬁ%J@@g deviersifRsnd the regmepry étﬂjc"lé‘lecorrponent
count while satisfying different clock requirenents of different circuit
bl ocks in the RFID device 100.




25 As shown in Fig. 2, an RF front end in the RFID device |00 consists of
three maj or ‘conponents, nanely the rectifier 104, a denodul ator 204 and a
nodul at or 208. The denodul ator 204 and nodul ator 208 forns the nodem 116
and the rectifier 104 is preferably inplenented as a rectifying device 202,
whi ch serves as a virtual battery to power up the RFID device 100 by

rectifying the do de ul at or et ects th envel ope of

an OOK m)dui R %Pﬁn “g"i@ﬁ‘%ﬁl%‘f‘sulev ﬂgg@ééj‘?‘:ﬁa‘*‘ig" SRR dit &cwt bl ocks

Euch as thﬁﬁdrggrdgad bkd@lﬂt&l&iduﬁh@réﬁﬂ@pbr&ﬁm ﬁ)@%f&ﬂthxﬁhﬁ@dU@ngnkaN waves

y using the bac tte t ho A.conventi ona e doubler is

preferably %%Veﬁﬁj?“bpqggt%l ergi & §d dping rate PRYIRHNS ib‘ @‘3“0% hesno|

consi sting efrcuitibdstes todbeARviBRthwiVes: avlitibleaipbatey ﬂfltaF&supglycrem&act ed to the
0

anode of D2 for_ providing the voltage doubler is enployed as the rectifier
core of fheinsErd )y highesbonerating yollagyprthaloiinPYerll RovgReATsIEPYINGitheed to t he
rectifying dew) 88 i20dotdmpuaRe capacitor Cx at the inter-connection
between D 1 and D2 and a bypass capacitor C 1 is connected to the output of
the rectifier core to snooth out the voltage at the output to provide the 1
0 operati ngAvxﬁJ,&eﬁgﬁa\(Q@bmJéa&i tg@r{sod%haé fp fgpcferdoﬁulgﬁ@% wﬁfﬁhﬂm fist r uct ed by
connecting the anode of di ode to the inter- ection vveen D1 and
D2 thereby &aontaining gn tnh@nméMcnarrm &Yl‘lth gounlink datapher¢ivaftto vaférieddo 3& gnal for
detecti 1 hbP t Bi.6a CZ

connect o ¢ S LRRAL RRLE i sai Bloh GRS el e Wtk WP RAGhLRE o

constant of reféreedde aptitd2af mto Bdiak signals| refesdilys commurication petatelsmsed ator 204
filters out r r el ppne aof the

OK- based dol\t/\en IUI‘} Si gha %lﬁg@% eu(’% %&;{%Mang& ré%}&gfarrb\éﬂvpfr?@( ifn(asour ce (not
shown) to doplink cbimmwwatncenwmbastdphnk cingnwocatiot tsiaohierd tbyweelulEngthd RZ and

Cz. The curtent. S QU f t.0 ave curret drawn at idling
time. Prefel"SBriE 1?“5”%3?“3?2 é’ﬁgﬁf GrEr @8@1“88 %onfi gured
as di odes. irdﬂectdgttba:maﬂmbgsz&barhicsa@ilfgllmpsdafnw.ther converted into binary
| evel s preferably by a 25 | owfrequency conparator 206 with built-in
hysteresis. An input term nal of the conparator 206 is connected to a

reference valdigig@blotiel 18 péetdings pottet Mandpamedf BRIFFIB UeHceM Johind céfifisSt Or
di vi der and, anot he}r11 i pput term.nal .of the conparator 206 | s connected to

the cat hode!o8fc Siching g ‘HQ‘N" PR dastantanequs Pewstcopgnpaen ghthe BERUt t er ni nal
of the conpasadenrno2@GhowehinghhgbendNopd ﬂsaiu@@odamnﬁnqwlgmm&bbw 30 The
s

nodul at or 208 preferably consists of resi RL and a switch Sw through
whi ch daf a2isreipansile forrowshit el thegeeasienippes denmaelestags dercaperationspl i nk si gnal s
i's deliveredhe §iBRa1SWck G118 2196 REIAHs ﬁfanﬂﬁﬁ;c@sqeg aausc%msﬁ,ﬁ kvglé Bofthagtd the free
end of the Rl being 8 connected to the cathode of Backscattering is
achi eved by casfiol a4 Inigrpanationf Mamchester coding-decoding and memory ‘control logic.

The digital block 118 is connected to the dc-dc converter 112 for performing power

25  management by controlling via a control signal nR_W, the on/off switching of the dc-
dc converter 112 and voltage level of the higher voltage Vdd-h. The digital block 118
is also connected to the modem 116 for processing downlink and uplink data data2bb
and data2rf, respectively, and controlling via a control signal Cont_mod, the on/off
switching of the modem 116, and the logic translator 114 for reading from and writing

30  to the memory 110. The digital block 118 is further connected to a clock generator
122 for controlling via a control signal Cont_clk, the generation of different clocks

with different frequencies.



additional DC | oading at R-. An off chip printed dipole antenna is
preferably designed and used as the antenna 102 to match to the conposite

i nput inpedance of the RF front end. Wth reference to Figs. 3a, 3b, 4a and
4b, the preferred Manchester decodi ng schenme inplenented in the digital

bl ock 118 is descri bed herei nafter. There are currently nunerous

conventi ona I\/anche ding one of these .conventi onal
schenes mvé éﬁ’ﬁ&% tﬁ%]iz*[ de}yggg }"ﬁlugf?B%W"trs"“frﬁm%‘wgﬁﬁ@magl ng i nput
data and cl g@ieratewr&sht puls For éfeatigintibvanCItant e iRk @endrdorsICh @h@sr aher ei naf t er
referred to sinply as the decodi n scherre data may be_ decoded w thout a

cl ock recov¥t rf‘}igeé’lﬁl"? tags suplyrrondipRseander lawmoyer sHsicpireferencerfié thatc odi ng
schenme conpgirefsesBias BulrdMR ISAAER R BERSBlocH 1 18 anamgegehefa% 1920 BiRs Wi dt h
synchr oni satl on and stage 2 for data decodi ng as shown in Figs. 3a and 3b,
whi ch aré t REIIhdevigeddP ale inshydpctbe plgclogenstond 2 whishdppreferablit e, and Figs. 4a

and 4b, whig %Fehﬁnafbleqw %ﬁosemeﬁplhh{gehaqteaﬁmmcﬁgﬁ%%aﬁnfo?ihestages 1 and
2, respective 20 In Stage 1, synchronisation in the encoded data

are detect eélgft@irblq;kdw,dhm@emewfirl@ﬂeetghﬁhﬁloglewareﬁ*ﬁﬂorﬁulgmémes@ -dgi dths. In
Stage 2, sughkgéqnen g&eﬂ pqat he
encoded data tvo (;bt ai gﬁgg%ﬁemg% %élg%tlﬁgm?ﬁéggﬁlga&e@lcg (Iraérag%r stio as Dat a
[0. . . (DathgSFiR devige 100 acTysses El@tla@lczflelllhinu&dr@ﬂaemtssthb semewlodker of 25 data
bits in fheg fidfr re used as
synchr on?sat ?@Eﬂ%ﬂggnﬂﬂ%@q ‘i?ceEH‘atec;ggftalmCﬁFlgt%[% dc-dc%&n\{,\ﬁg lhle IE?s b%j %n Fig. 4a
and begi ns mhock]isaeqytrspbylme m'emovyh] 1@h1ea(}=§e(ﬁ)ueng:membr}damtaopetrammmthen dat a2bb is
processed, n a cted to nsition froml
toOinas eci?f%%guem hsts‘e1 lle\(}\ﬁ&:}f %lg:[al biocgqggf“%‘glaerfl%ryg?o jrsﬁ’cr emented in
a next st epwm]ﬁa cm:ieﬁmémoerataquaatesmﬁg"plsmﬂahema decalerbeverterl 1Qeiel/ o npar ed

with the in ue 2, where if there ounter val ue is
agai n conpa&ggﬁ&ﬁslsﬁ’emeg"@h‘en i 95ridgar is Wﬁ‘e‘i P ﬂ?%cm%f?(sgf’%%atﬁrl@% P¥ there is a
mat ch iﬂst Egemtaﬂpg ﬁmllsbagecgackeml;semm@ afeld@péndentlday]j avd ﬁam%sum thlteherﬁ is a

m smat ch the process s bac ste In the e e the integer
val ue of 4V °H§8‘6°"1‘tr}|’ qe ar§tg\¥t§’lf9,‘§ 8"‘%8’3@ 8?‘&‘9&%%@? B‘ans‘sﬁpﬁ‘ﬁ?tom sation
bits are setinationssud £ahd B& indtvadies efeiouep&fonaed&lmsﬁfénio@ floe step 408
because it is intended that |ow andp hi gh-pul se widths if 'the second
synchroni sation bit is nmeasured for providing the references. If there is a
mat ch in t hevigtRPprdP@mniabR deldeeoS a8 i f%gﬁttﬁﬂsléltblzl whge Rrihe | ow pul se to
wi dth A of the second synchronisation bit, as shown in Fig. 3a, is measured
with redpectevics J0Rds ableto @rnignze nower searurantisaivhile ensyrngoperdegis lwel100. In a
next step 434wt BBaHEHbIBES mai ns | ow
for an extended tlame as cgre eSI %ﬁ%&%ﬁm@@%&%ﬁ@%&ﬁ%n F)I'Eeg of maxi mum
val ues, in Withdhe prpgramma letcl%lbg@ﬂ@éatqrééédhfe%mdquierlé@)wab@do sénimdner upt ed and
dl scar ded 'Bo@er%hﬁsgmﬁﬁg arﬁfrgcﬁl ?elgragunt W%llpga(?gg’ dﬁ{?&glbtg%ggs baCk to the

step 402 in whic ext sequence of data stream rn I'S processed.
requirements of different circuit blocks in the RFID device 100,

25
As shown in Fig. 2, an RF front end in the RFID device 100 consists of three major
components, namely the rectifier 104, a demodulator 204 and a modulator 208. The
demodulator 204 and modulator 208 forms the modem 116 and the rectifier 104 is
preferably implemented as a rectifying device 202, which serves as a virtual battery to

30  power up the RFID device 100 by rectifying the downlink signal. The demodulator
204 detects the envelope of an OOK modulated downlink signal for processing by
baseband circuit blocks such as the digital block 118. The modulator 208 modulates
uplink CW waves by using the backscattering method.



If it is false that the neasured pulse width remains | ow for an extended
tinme, the process enters a step 418 in which the encoded data in data2bb is
detected to 20 transition fromO to 1 the high-pulse width B of the second
synchroni sation bit, as shown in Fig. 3b, is neasured with respect to the
clock of the RFID device 100 in a next, step 420. This neasurenent is then
checked in a step 422 and if the meaered pul se width remains high for an
extended time as predefined in Max Wdth it is discarded in a step 424,

af ter whi chAtd@ﬁ¥@gmssltalge6&&>_ld@aséﬂfefeﬁglyhaolaﬁm a_‘l@&iffeﬁéor@Eftﬂé OcefSi ng E) hek
next sequence., ta streami.n .a : rw se the progcess | oops bac
to the st epre&tsgz.ma vieg Z@?e@swm %ﬁl?cﬁesgﬁaﬁﬂﬁwhﬂe&e ot ﬁigﬁ ns with a
step 452, i pbdnk@bd ®akd MBdé SN DSloRPRVAIPARINItapd\dubRE RRnpRAed Bs b Ch the
decoded data Data [0. . . (DataSize - 1 )] is set 30 to the value 0 and a
vari abl e’ Saffsfifisigotestd éheirectidupe i¢yi962§R Sanpl e. DataSize is indicative of the
nunber of bits in the decoded data. Wien the Sanpling Mdde is set to High
Sanpl e the ;}r ocess, neasures the hi gh-pulse width of the encoded data bits
10 and when Thtydovading signa] inpraeidedsto sharegtiying devirerd9P dhrowgh anapacitesCrrdlasur es t he
| ow pul se wydt; geb ?&dﬁ) ) b3S, unter val ue
i's conpar e\g&#mﬁl?ﬁp%g%‘%%?gg%and ? th%éﬁgzdubﬁ’#’ %rs %ﬁ%ﬁd& (ﬁgéf%n\t/n\g‘?e(fﬁe process
enters a nese oyipapoighgrectfien epraitsunaotieoy thecielageat the outpnt to peovideghe 458

Sanmpl i ng,Mo I if it is set to Hgh Sanple, and if there is a
mat ch t%g p? eééetglg%?ﬁ%gq?ftep 460 neasures the current high-pulse wdth C

whi ch includes the high-pulse width of the current encoded data bit,
starting at . hi Lt 0 rren ngoded ,dat a bit
and endi ng EE“?? r%o%ﬁ‘[eali(#2&?1&[#5?9%91}153%9%%&&%%% %’H?‘%ﬂg gler?%%&set??éa@ggf %|3s t hen
conpar ed w tdthé Biefvc@nnectionebesteep D1GAd B2dhdrébyGllowingnixadeatodtilamn 2¢B0A/ 2), t he

current encoded data bi.t | ssi.gned . .g "1" i st 464_and as shown in
Figs. 3a an%pg}ff &jofﬂlglﬂk Flﬁ"aﬁ(ﬁgﬁ‘tﬂtg{negw °]§éﬁ%?ﬁ%ﬁﬁ of)g’ glor B. to Low
Sanpl e, 150l tapacing Opbdracted i theosatiods of B3,IR)ahe TERiginipAratiels4eRC 4/8. The
nmeasurenent t

5 Is.next tested against the re ctive Xi pum val ue in Max
Wdth in a SQURnkedhe og“la%g% ‘g&@@é@éaab@a&tﬁ‘g‘?mgh%%ﬁ 1§18 o9ts  dj scar ded
in a step 4 incdfigy RMBr&& bub@acB M6 8Swldpe OKthe DT bised ibvenlik@pndi02 for
processi ng hge next gequence of data stream in data2bb. If the nmaxi num

val ues are ReMaEReEBREY Vithe PHESREQUICE (g shayag fo dramihrecugertpt theanterog | jn

the step 46dunedtionbeiweth D3RI RS RAT,( Bhdbwlent BRreY fiiRheSFERARE data bit is
assigned a "0" in a steg 472 and in a next step 468 Sanpling Mdde is set to
1

Hi gh SarfPl eCurmerbdiaWp aiding tien t hence continues with the counter increnment
step 468.

Preferably, all diodes are implemented using MOS devices configured as diodes.

The detected baseband signal is further converted into binary levels preferably by a
25  low-frequency comparator 206 with built-in hysteresis. An input terminal of the
comparator 206 is connected to a reference voltage, ref~Vdd/2, which can be
generated with a resistor divider and another input terminal of the comparator 206 is
connected to the cathode of D3. A binary coded signal is obtained at an output
terminal of the comparator 206, which is provided as data signal data2bb.
30
The modulator 208 preferably consists of resistor R1 and a switch Sw through which
data2rf to be transmitted to the RFID device reader in uplink signals is delivered, the

switch Sw being connected in series with R1 and the free end of the R1 being




25 If in the step 458 there is no match in a step 476, the process neasures
the current ‘I ow pul se width D, which includes the | owpulse wdth of the
current encoded data bit, starting at the high-to-low transition of the
current encoded data bit and ending at the next |lowto-high transition.
Thi s measurenent is then conpared W|t (A+A/2) in a step 478 and if D is

2 Crop 480, CHNRELOMSS wﬂwdﬁoéﬁgnﬁa%%‘iﬁ%ﬁ%g%? BrehPy By a2

Sanpl i ng MadditichaBPC 1éadingiagR,.Sanpl e, fol | ow ng which the counter is
increnented in the step 468. The nmeasurenent is next tested against the
respective maxi nrumvalue in Max Wdth in the step 470, which when exceeded
by the measunefdbip printéddifdls srémha ek préfefabl desidgded9he Bsed 4¢ thedhiefifa Mpi Ch t he
process | ooks back to the step 402 for proceSS|ng t he next sequence of data
streamif dftE3pbio tWCWS‘Fee@%é‘PP%HWFW@% 68.i s not exceeded the
process | oops back to the step 456. If in the step 478 Dis not greater
than (A+A/2) the current encoded data bit is ass in a step 484

n Il
and in a neXfithselepnagie Fagsndn. Bhugtappdib,ithe @@@H@%Mam%e%@rrqﬁ@mgmberm ocess from
thence cont arﬂﬂaﬁemcﬁn tﬁethglfa@yle&@nsllpgés&%atheéﬁnqﬁer‘l% In the decoding
schene Stage 2 of the process perforns decoding via a forward deducti on
t echni que whi ch involves the nmeasurenent of either a |l ow or high-pul se
wi dth stgrtirfg. I ~ct herefore
reasur g o e el Ryt Bl filer BORAHESRERE kot T
encoded dat ¢hekd qonvéntipnal e¢themes mvolye thheserlta”)clomlr@()MCmmwfdmt val ue using
ref erences p i di hs du Stage 1. 15
The dc-do c%tnnsgérab&n%%)@t d'ra cggrllkbg\} &q}ﬁg\#rg%efrﬁ%gﬁac eilteﬁ decoc{l S%P%'?'er ence to
Fig. 5 for pﬂeimaﬁuhrmqempdrtesinqﬂb' ascthq)de&mhng scmemnsiaannaydmrdbmdbd githge ai n t he
RFI D devi ce 1%019rec 2 CIICBII 8ras1 ? éilts £ aSSI ve devi ces such as the RFID
devi ce 100 £6° per?ofy l \;\I- éﬁ? PRt 1 one anf’t is al so unacceptable if
circuit bl ocks in the RFI D deV| ce 100 consune 20 |arge dynam c currents
even though. ih erall average current consunmed is |0 hi s, ysually
occurs WnenTh? &‘E’ffﬁ & pijhgg Sompr ei rATEG-SE8C BIOFTSig-Sptdwer fgﬁpé &ge sur ge
currents ar gyndhedisitonehdsgge 1 ik @it adcodiag @Sshvivh i Figh.Pa%Ad o, Mdithtard! ocks. In
power managenent concepts, which usyally invol ve turning on/off circuit

bl ocks 25 dimingfiagansdershes aemples obencaded daimand, F‘%ﬂﬂﬁ%a@é’r‘? which e f act or
that causes flbRehadte¥ieam! ipRaichRRoPSGRI4sE fid 3, tage supply dip.
The dc-do converater e‘;r%lelr}grtl)ér.lr?llsts of aocurrent cl angésg‘fcrt'lzﬂ%try 502 and a
charge-plnp circuit 504. The current-clanp circuitry 502 is placed between
the output efshher, %cﬁﬁﬁfshtidn%ts $0dle ERoBGLER ard ﬁ‘éecﬁc%%i fib@dinyol t age (Vdd)
and t he charge- purrgwm rcuit . The current-clanp circuitry 502 serves to
control cur Fedgiences IQ!I‘UWdﬁQg}ﬂP‘régedﬂéﬁh&tinogﬁag@fZ sugh referanageane ey veed cui t 504.
12 As shown g Refdath dgta btltp LIS cﬁtaqggbtﬁfnrd%wdteﬁ Mat? %reﬂ{aﬁrﬂﬂt{e l'y enpl oys

two PMOS swtches aV| ngﬂ elr output term na I nt €r-connect e one PMOS
bei ng hi gh wnicrredde as Bate (@N@Slﬁw)hnﬁeﬁmﬂmwal@mm@nﬁ@u@memﬁm Ro" 508.

These switc 0 I I d._are switched off/on
accordi \r%l yﬁﬁ%ﬂlﬁﬂ%&g&%hd&g &ﬁ%ﬂl“aglhg Qgggoclﬁegge%rguﬁg *h these switches are
t ur ned of f. syfklrohisgtion bitp thitheexatPleper f or ns swi t chi ng so that when the
current clanp 502 starts operating, only the high-Roy PMOS 506 is turned
on. This limts the anmobunt of current that can be drawn fromthe rectifier

104. Ther e ImsStage 1, nm@msaéhownumFlgMa(amdﬁ)egiﬂs witioawtyp 402 ihhidhagiequentdul e 510
that start Sof’ t%lfia ttregtg gataZ%% 1strcc))cCei§se Che?xsenco%eé ga{ta }’mia?agbb is detected to

30 transition from 1 to 0 in a step 404, a counter, which is initialised to 0, is incremented

in a next step 406. Thereafter in a step 408 the counter value is compared with the

integer value 2, where if there is a mismatch the counter value is again compared with



the | ow-Ro" PMOS 506 is turned on for normal operation (EOCC=1). The

advant ages of RFID device 100 are mani fold. The advantages associated with
the RF front end are as follows: 15 The RF Front End is inplenmented using
a |l ow cost standard CMOS process, which is conpatible with the mainstream
technol ogy for baseband circuitries, ?d allows a fully integrated sol ution
in single silicon chip,.ln convention raposal s, RF front end is
const r uct ed HEIHFEH i"aﬂg‘bg’r? %?Ih‘gﬁc gtt tb?ff’ égré?fgi‘tg}g@ﬁ@et it‘f&‘{ lglesézif@sl eggﬁa"tdhe baseband
circuit is Bupt2oegieadifnhédil RisMERE the ptetsdodps badk ts Yhedtepdioades of fer the

best RF performance, these devices are not available in standard CMOS
process. The hybrid approach suffers fromhigh cost with bul ky structure,

whi ch of f seliftht BRnAIBE intéplet@ali YTari@iMed il thEbtk 4 LRSS RRE BRYuABE 4T event s RFID
from mass scal e depl o?/bgent. Reduced cost and formfactor by elimnating

ext er nal 3 cofpShieRisationbifs prssetat 4.5 Alsg dhieinisger yalye ab? i vssdyiamcestepnd9Be rel i abl e

per f or mance pRaeRYSS intendbd it bHGRD RIAPYIsP WML e REDLEE SyndfvhisRida®itChi ng t han
di screte devices. 2) Avoid assenbly m salignment of critical RF parts.

Pot enti al f #rmeagyredsfosprovidingrthetefasengpt enna to forma total RFID solution. 30
The advant ages associated with the current clanp circuitry 502 are as

fol | ows: 13 Current clanping allows proper power nmanagenent to be

appl i ed to tithereisrodaittein the st4pAP8, theprogésagntens r step gh2 whergthedowpelse duri ng

r e- power,j,Ng,,. et i it d: [ Bk Va t i and sone
flip-fl OIBS zv clﬁﬂg\g?d af}tﬁel%‘g@dsn %%*#Cﬁfgﬁksgéﬁ@rtgh Jthggﬁﬁloﬁgg%/a) @&%é&c‘gﬁent IS
consuned fr owspéch® thogysembir dokmalwidck gf the RFHD deyier 90i dma Gextistep didghe al ), as
such no additional stage of [ ditional .circuit ts as a clean
supply cut oF ?Sufer%d)ﬁlﬂ?%&ghséz S%kg%\ﬁlﬁ%thﬁrﬁgrﬁmﬁ@f ﬂ’l%foﬂglé?’&i’@e?ﬁmf Ae for egoi ng
manner, a | pwdgfneein MpaP&adthewhEh Edndist io€ makiaminneluds fifi @hehtif iogefuattieng vol t age
supplies and cl ock frequencies for perf.orm qwer - ing.operations is

di scl osed. Bae?%e&&ﬂ[&%ﬁ‘f r‘fé]gﬁﬁ%@P{egF"(&%%gqeﬁgrhgge%%ﬁfﬁfxéeri“ﬁ\’f’g'ﬁﬁ‘? on are

di scl osad, pioctse GRAMSOPAPARIE e step 40NE wHieH 4 Rkt sequdrlde ofddta dtRamiiew of this

di scl osure th?é.t{bnurrer ous, changes and/or nodification can be made w t hout
departing fPYMOPHEPIOESHE 15 and spirit of the invention. For exanple the

Manchest er decodi ng schene is applicable to all ranges of incom ng data
ing circuitry, the digital counter

duty cycle. ;,tAI ,s%ﬂi n the current cl a_nP
val ue is a Vdtaicdhdtdisanersigd Brisq widferBanatovoiar atidendediimaithe ogi c can be
i npl ement ed Ffo@esg.%ﬂ}érs(atsféﬁmg‘@ﬁ/@hiclﬁﬁe RddePdatd QaMShAY dbtSci@ffd eved to turn on
the strong transistor, ie the | ow Ro~ PMOS. 20 14
20 transition from 0 to 1 the high-pulse width B of the second synchronisation bit, as
shown in Fig. 3b, is measured with respect to the clock of the RFID device 100 in a
next step 420. This measurement is then checked in a step 422 and if the measured
pulse width remains high for an extended time as predefined in Max Width it is
discarded in a step 424, after which the process looks back to the step 402 for
25  processing the next sequence of data stream in data2bb. Otherwise the process loops

back to the step 404.

In Stage 2, which is shown in Fig. 4b and begins with a step 452, initialisation for
Stage 2 occurs in a step 454 in which the decoded data Data [0...(DataSize — 1)] is set

30  to the value 0 and a variable Sampling Mode is set to High Sample. DataSize is
indicative of the number of bits in the decoded data. When the Sampling Mode is set
to High Sample the process measures the high-pulse width of the encoded data bits



Clainms A | ow power, passive radio frequency identification and

communi cati on device conmuni cable with a device reader, conprising: 5 . an
RF front end for receiving fromand transmtting to the device reader RF
signals and extracting power and data from an RF signal generated by the
device reader; a controller for recei vliong fromand transmtting to the 1tF

front end data;, a no for receiving,fromand transmtting to the
control | er (afé‘f‘ghefgﬁ]?/ﬁaé‘?%g’inﬁ W‘ﬁjg 1sns§f.rt8ﬁ.39w| %m&’éea%%lmo&esémaqut HP¥ by t he
control | er piiek wider ghheendsdeddataibitst and second vol t age supplies during read
and wite operations, respectively, the first and second voltage supplies
being of different voltage supply levels. 2. The device as in claiml,

wher ei n t helnld dtep 4580the ed\thte VhihaGtcd mpaeevith DAMStZB fand tifthe cduntek 94lad isgener at ed
by the devi i:e E)ggder and convea/s the extracted power to a supply converter,

wher ei n t he lONEpRePracsifFaiersey next 9sp 408 Otheewiss the progesg eadscond vol t age

supplies. 3. The device as in claim2, wherein the supply converter

conprises a_charge20 punp for providi ngﬁ,the first and second vol tage. 4.
d

The devi ce Hsthe pfepf3f ampling fode istheqked dipipps) teBighSemple, andripthesdsa a current

clamp for | jtichimGréddsd i8R ksteh 4OMmbERRs & ufEnt Wi AHuIRRH4h €, Wagnchar ge- punp.
25 5. The device as in claim4, wherein the current clanp is controll able

for di sconniéstudesghe highpulse width ¢f thewurreahanceded dpta bitottartiegiat thedowke- char ge- punp
when th 8o @H@fﬂt‘raﬁs‘?ﬁdﬁ% ﬁ%ﬁ%t%%ge& {i:agﬁ f)i?QrQi &HSF‘M tnb ﬁ%)& Bf‘gﬁ@%‘l&@ s. 6. The

device as inclaim 3, ereint C ge-punp I’'s contro 'e to provide 30
the first afehsgwoodbiswshswagreens isghxnicompargd with¢BHAR) e dep 463 aod HiGris1, wherei n
t he vol t age v, f J.age. [IBYAN r, than the
Vol t age. supBraC i IR fe chitt PROGACEN RUSiGUPR o b3 B la | 02" 2T
claim1, fuagdhewndokigs.i3gemi3ta Thegira taxastsy 4t6Banfpling Mode &lsat to igwdat a

ecerving. f vk, BeRng Yniel e G petepleRief Pyt ¥t The Rpgreneht. e
devi ce as i is ekiatesedhgainktalietespetive haxiihim valaankl MiOWidth ip&épdiiop usi ng t he
first and second.volta upplies. 10. .The device as in claim1, wherein
the RF f roan?"éﬁa" hS%WF?%QZ’?B% TPeaYrPen it 1y g‘Fca r“h?:f@%@%%%ﬁ%r”mf‘i%om the RF
si gnal genethaipstesodks Badkary ie@tep 402 for processing the next sequence of data stream

in data2bb. If the maximum values are not exceeded the process loops back to the
step 456.

20
If in the step 462 C is not greater than (B+A/2) the current encoded data bit is
assigned a “0” in a step 472 and in a next step 468 Sampling Mode is set to High

Sample. The process from thence continues with the counter increment step 468.

25 Ifin the step 458 there is no match in a step 476, the process measures the current
low-pulse width D, which includes the low-pulse width of the current encoded data
bit, starting at the high-to-low transition of the current encoded data bit and ending at
the next low-to-high transition. This measurement is then compared with (A+A/2) in
a step 478 and if D is greater than (A+A/2), the current encoded data bit is assigned a

30 “0”ina step 480, and as shown in Figs. 3a and 3b. Then in a next step 482 Sampling
Mode is set to High Sample, following which the counter is incremented in the step
468. The measurement is next tested against the respective maximum value in Max

Width in the step 470, which when exceeded by the measurement it is discarded in the



reader by rectification; a denodul ator for detecting the envelop of the RF
si gnal generated-by the device reader; and a nodul ator for nodul ating a
baseband signal generated by the controller in 15 response to the RF signal
generated by the device reader for transmtting to the device reader. 11.
The device as in claim 10, wherein th 1rectifier is inmplenmented usi ng MOS
devices. 20 12._The device as in cla m1, wherein the controller processes
the data ref&P & a?t?rd'%“fr’rfge phecesp &?L% fo thgste @ forproeessing thegery ai m 12,

wher ei n t he seBideoF s stRaflin AAE2ED. ThMe BEREAVOMDEATH VBRie®nd: BRe@ia recei ved
fromthe RF front end. 14. The device as in claim 13, wherein the

control | er PEPrERdosbarigiiesaPi49h and decodi ng stages on the data
received fromthe RF front end. 30 15. The device as in claim14, wherein

the controller perforns the decodi n%Apr ocess using a forward deduction
t echni qué. Ifmgesp 474 P igaot greates shanRAEAZ) the errentgrgodedhdathbit isont r ol | er

f th b 2 2ke] ' ' f
perf Or s, t NessHABFRT P £3ch 48 RIS 38 ko URASHAAIRG MlcILscMldys TOF

identifying a referenc ow pul se w and a erence high-pul se width
usi ng count Samplg. Thheroghsy from tkencé gpntihuss withahe eohiateringrembes sepH68.0l | er
perfornms the decodi ng process by neasuring pulse widths for identifying one
of a lowpulse width and a high-pulse width in a current count. 18. The
devi ce as i fn ik deaedhE scheinerStdgn 2tofi the poavessglet fermsplecddingrda 8 Fewardcodi ng i o

process hy i ({J i fi nofalwulewiﬁt_nda
hi gh- pul lg e \gm&g;?ﬁ&{vﬁg %ﬁﬁ gé’J h?“@? ﬁevr()ﬁevr? g@e%ée\?\fuﬁw%né OEV&I%IEW %ﬁ'd % 15}}‘] P gllseer ence
hi gh- pul se wiidih ktaftiog attbt eansitionfa aurienoencOdddriaa bietherefdeifikasutifg atThe devi ce
as in claiml, further risi. l.ock gener at or. mﬁjﬁh is 15,
r ogr ammab F]leea$t5}Fe 3 ?%@Th&ff(r)? b tll{f}gré'?]i O& eocfmgrlltc?B‘fPadFﬁ?g L Preie.te“?ﬁ‘.‘“gl' he devi ce
Prog : ! ! .
as in clai mitQextvnesded dath b2 vileawing teferéne@dAbb 1nthndhidhauise wadthé he
controller and O@E{ able usjng first and second cl ock frequencies of the
plurality of 8BS 'Peq@&hti es provided by the clock generator during read
and writie operations, 20 respectively, the first and second cl ock
frequencies, _being different, o o
9 TEe dc-gc converter ?P2 is described in further details with reference to Fig. 5 for
providing a method to prevent transient current surge in the RFID device 100. As
critical as it is for passive devices such as the RFID device 100 to perform low-power
operations, it is also unacceptable if circuit blocks in the RFID device 100 consume
20  large dynamic currents even though the overall average current consumed is low.
This usually occurs when circuit blocks are turned-on during power-on and huge

surge currents are used to charge internal nodes within these circuit blocks.

In power management concepts, which usually involve turning on/off circuit blocks
25  during actual operation to save power, this can be the factor that causes the device to

malfunction because of large voltage supply dip.

The de-dc converter 112 consists of a current-clamp circuitry 502 and a charge-pump
circuit 504. The current-clamp circuitry 502 is placed between the output of the

30 rectifier 104 to accept the rectified voltage (Vdd) and the charge-pump circuit 504.
The current-clamp circuitry 502 serves to control current flow during the operation of

the charge-pump circuit 504.
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the RF front end is constructed from high performance external Schottky diodes
and the baseband circuit is implemented in CMOS process. While Schottky

20 diodes offer the best RF performance, these devices are not available in standard
CMOS process. The hybrid approach suffers from high cost with bulky structure,
which offsets the added value inherent in RFID technology and prevents RFID
from mass scale deployment.

¢ Reduced cost and form factor by eliminating external components and the
25 associated assembly expense.
® More reliable performance because: 1) IC technology provides better device
matching than discrete devices. 2) Avoid assembly misalignment of critical RF
parts.
¢ Potential for integrating on-chip antenna to form a total RFID solution.
30

The advantages associated with the current clamp circuitry 502 are as follows:
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use.

10 In the foregoing manner, a low-power, passive RFID device having different
operating voltage supplies and clock frequencies for performing power-saving
operations is disclosed. Although only a number of embodiments of the invention are
disclosed, it becomes apparent to one skilled in the art in view of this disclosure that
numerous changes and/or modification can be made without departing from the scope

15 and spirit of the invention. For example the Manchester decoding scheme is
applicable to all ranges of incoming data duty cycle. Also in the current clamping
circuitry, the digital counter value is a variable depending on implementation. The
digital logic can be implemented in many other ways, as long as the delay is achieved
to turn on the strong transistor, ie the low-R,, PMOS.

20
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a memory for receiving from and transmitting to the controller data
10 wherein the memory is readable and writable by the controller and operable using first
and second voltage supplies during read and write operations, respectively, the first

and second voltage supplies being of different voltage supply levels.

2. The device as in claim 1, wherein the RF front end extracts power from the RF
I5  signal generated by the device reader and conveys the extracted power to a supply
converter, wherein the supply converter provides the first and second voltage

supplies.

3. The device as in claim 2, wherein the supply converter comprises a charge-

20  pump for providing the first and second voltage.

4. The device as in claim 3, wherein the supply converter comprises a current

clamp for limiting current flow from the RF front end to the charge-pump.

25 5, The device as in claim 4, wherein the current clamp is controllable for
disconnecting the current flow from the RF front end to the charge-pump when the

memory is not performing the read and write operations.

6. The device as in claim 3, wherein the charge-pump is controllable to provide

30 the first and second voltage supplies.

7. The device as in claim 1, wherein the voltage supply level of the second

voltage supply is greater than the voltage supply level of the first voltage supply.
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10.  The device as in claim 1, wherein the RF front end comprises:
10 a rectifier for extracting power from the RF signal generated by the device
reader by rectification;
a demodulator for detecting the envelop of the RF signal generated by the
device reader; and
a modulator for modulating a baseband signal generated by the controller in
15 response to the RF signal generated by the device reader for transmitting to the device

reader.

11. The device as in claim 10, wherein the rectifier is implemented using MOS
devices.

20
12. The device as in claim 1, wherein the controller processes the data received
from the RF front end.

13. The device as in claim 12, wherein the controller performs a two-stage process

25  on the data received from the RF front end.

14, The device as in claim 13, wherein the controller performs synchronization

and decoding stages on the data received from the RF front end.

30 15, The device as in claim 14, wherein the controller performs the decoding

process using a forward deduction technique.
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with the reference low-pulse width and the reference high-pulse width for determining

a 1 or 0 in a next count.

19.  The device as in claim 1, further comprising a clock generator which is

15 programmable for providing a plurality of clock frequencies.

20. The device as in claim 19, wherein the memory is readable and writable by the
controller and operable using first and second clock frequencies of the plurality of
clock frequencies provided by the clock generator during read and write operations,

20  respectively, the first and second clock frequencies being different.



