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"PCT/ SQ01/ he'invention relates to a data coding s

especi al | S}p gl%aa;a codi ng systemfor use in a passive triﬁi@gb}’z@?ﬁsymem S
A typical radio frequency (RF} transponder system consists of an
interrogator or reader and one or several radio frequency tr?j m

tags. Such systens are used for renotely |ocating, identifyi mmmmu m‘ mmlﬂng
obj ects. Depending on the type of requilrement, these transponder SYSL

are used to read data stored |ADhta$agllmSysiemrte data to the tag and in
sone cases to both read data fromand wite data to the tag Transponder
systens are broadly classified into two categories: (i) active transponder
syst ens; Thednyentipnpealatasie adatas;pdm@esystem Badespédiallyy a datansgingdgstesy st ens

i'ncl ude is hatte e the battery provi des DC power for the
t.ag erthE? L(ﬁﬁdplayp#'vﬁ;{ms‘ﬁo ‘g%s transponder systens do not have a

batterys in the tag. |In, passive transponder systens, DC power requirenent
for the tag\fpi.s obt ai ned fromthe el ectromagnetic waves enitted by the

i nt er r ogah BfRicalrdip fiegppRgHatET) tsaéﬁagndﬁcre'saé ﬁ@“%ﬁspﬁé“ﬂ@fﬁﬁ‘)%t%%t em
ei ther comlddiupidson oddverd raio %39 hBer‘éﬁir%%s . BiRA&y8Rms are

el ectromagneti c waves are recei ved by "an antenna in the tag and rectified
t o gener ased forg em@tem\matmg.rId@mlﬂa@ndmkmqmﬁ@ﬁ@emdm an feviype of

transfor ?%‘&dd%r?néxﬁ 246 ?r?ﬂsbo% ef%%étbﬁ?s%e%e{i?@ré%%’ 4th @Pd?&&rrffhe tgglor

rectifying device’ as r conmponen Int
restri cd editbdata ethe éagend im $dme ceses tmebbtls reﬁtadatbémeh aad; write datagortbees away

fromtheti nterrogator. Therefore, the operating distance or the 2s range of
t he passi®® transponder systemis dependent on the distance at which the RF

signal received by the tag is high enough to generate sufficient DC power
to operate the tag. In oper tio

D ah oo TEASongBE s eitame e Piasdhcintifed B Bra Gaifonss: k) SoRiedrrsspneer

Wi thin ”&?stbﬁﬂ: aﬂeqn)v@a%stvmran@a@hdéf sz/rs,@ané thtlvéttﬁfrfspgﬁdérrsyawi'né]ﬁ@ﬁfdét&S a
seri al a signal representing the data that the tag is to send in 2 4

AUG 2005 \petteny ipdhe tagend thedyatisnoprovidesd® prwer fas ﬂamag sither Mgy eF partly; s
serial dasrkq sgbﬁdér Fggeeméafﬂon%éegﬁéryﬁg ﬂfeﬁtt'agoﬁhaﬁéysrv%'tgayﬁs Bnli&d

antenna using t signal emtted g rrogator ackscatter
or by cowsysiems, Dmeowenedwrdmeatbrgmﬂaguso tineddyomnitke elggtromagnetic e a

h h
change av/ag drigh B AL irhOfARbE IR b aNaR, ALol AnABIRERL o e
dat a si gsgbtem,reithedeontinuous pr pulsee Rﬁdedmrhagra&ttcemave‘ﬁh@hem errogat or
antenna_r e backscattere

e Gendb TR gt AR e RVE et anB0as TR alAaeseReE)8 e tag
. generate the DC power for the tag. The efficiency of this power transformation is low
and is restricted by the performance of the rectifying device as well as other
components in the tag. It is also restricted by a decrease in the received signal level
as the tag moves away from the interrogator. Therefore, the operating distance or the
25 range of the passive transponder system is dependent on the distance at which the
RF signal received by the tag is high enough to generate sufficient DC power to

operate the tag.

In operation, when the RF signal strength is high enough to operate the tag, a logic
30 circuit or microcontroller within the tag receives the enquiry from the interrogator and
generates a serial data signal representing the data that the tag is to send in

AR
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.io.Duri- ng the period when t he. tag sends the response data 3 §nilG Ao

*'si nul t aneou ti,ylties take place in the tag: 1. The resp si gnal

is sent by &’a‘gﬁlégéﬁgteri ng; and 2. The DC power requirenent ggiﬁgﬁfg&?zgg is
generated fromthe RF signal emtted by . the interrogator. 15 As these two
activities are taking place sinultaneously, the DC power transformation
fromthe RF signal gets affected. The ta% wll be able to derive optinum DC
power only when the antenna is optimally<“ oaded or when it is resonant or
when its i rgepdasedo the mrmw@rsiTﬁi@@efia atagignat isi ttansmifted hagk to the

el ectromagnet i . oY bk | i ng

of the.an BetoesBY 72 (81te SRHREBNh he <SRBT LeRal B Y 3Re itEroaaibl
changed i nbabackstattee onby couplngd@he serigikita signal idersed byphethgte dreatescatter, .

the tag wil| receiye optinumelectromagnetic wav. only for the state of

the dara sFORRE RHPEASHRG LS STt RHesand e ABletine 8kt BroaBbBRance
of the an{ gpag b?fthél\'ﬁﬁfénhbﬁn iy grrcoiditietae state Bt da siwal, ngotdee t@5 !
other state of the data signal, the tag will not receive optinum

el ect r omagRERqusetEe dacksaalisr. e ierogaiy aptarmiaseaeives thecdackgcalissethds on the

duration of dsPORENSIBNAI 1§ Bemodidtdy [ehbliterrbgatopid fEeBy
re§db%s§ts\?}:fn°al %fwdtﬂ_l?@r Sﬁby th'gnt alg and this in tl'Jr nrrdg? ernm nes ?rhe

el ectromagnet’i ¢ waves recei ved
RF to DC pthedatarsemé byth@itadon in 'the tag. During the period of the data
signal when the tag does not receive optinmm el ectronmagnetic ~o waves, the.
passive tag relies on charge stored in a reserve capacitor of the rectifier
circui t 1o Durpgltye pesod edendhe yadserpistbe resppnseaiabmsignal, Bvalsinuiagzeodss WO

01/ 63769 PCT/.SGA %8(003'3 3. ltB géé,or art systemnms codi ng schenes |ike
Manchest er SCHYEES IAFENI'PFRI" P8 are used to represent the response data

si gnal . | n {Vemgd psdpehse @dedsighalas yestalyebackbeattiringnbed her it is a "'1' or a
0" has a dut¥ c&clclee of 50% This grgans t hat bot$ st a es%‘ga,ve Is egtlfjagl
duration. Bhet®? Blepowakracuipdratofdhe tagisgeneraied fromuhe BE Aioga! ¢Pded Bnd a
low state foryalifRsbogattal duration. The Manchester coded waveform of a
digital 1 and O are Shown in Figs 4a and 4b, respectively. FromFigs 4a and
4b it cansSbe seen that for a duration of one bit, 50% of the duration

consi sts of i i i it % J f
State2 {or AR b AEiiies etdiing Bldtt s e D IR e
RF to DC pdmen the BRsignahgetsoaffactechdhedag will leeableds derive pptimem PaRoM& mat i on

i s higher onl or ,.one of £k wonly

appr oxi mat &@9’\3{3@/3 6'?6 ?ﬂ%ng%E‘ﬁ%ﬁ%ﬂ%%c}egﬁ\gﬁé@g%ﬁeesﬁﬁgﬁhozgwi)ﬁlgsodi gital 1
and 0 com ﬂ@pb@%i&i%;\ma&:hléﬂ sim:e@ﬁfﬁlt@reshiawobtgmﬁ?geléctr?rh?gl;wi@tve%m arihe
wavef orm remaj ns hi Qr w as, t ase m e for a f. one bit

dur at | on 20 [nden fis edaditionsThys henjheigadiag oY the aleing ol sShdnaggr the
efficient figipetiificd béén Byitiad aitened istdranbed ipacdardanda wigh theadaia sigiahin

schenes are simlar as far, as th durat.[gon of the two sttat es i s _concer ned.

US Patent Ndestogigduembaekscalteleng tHE Wit ELGHVOPIERIT RiFG "@&?Fﬁ%ﬂ’%ﬁsrf

vol tage Maghlf ydriFe 5R36 BRI ddth Gigal wRch pesH R Wpimun R adMgesTiite aménhAerDC
rectifier circuit to zo enhance the effective interrogation range. The sane

patent al soedesandenfshamotensa armhesdhe niglineHmprdansh Brpaighed-cHiingrhe s
further e rﬂggggahe;{w heldbtP¥igAAPERAGL HiPnsIABERE dplinf AP oBYSagRetRl wals.

i nterrog gener a y I nterrogato at ent 5, 930, 303
descri bes anhenthedhgowet rendived| Hydte sag depsrelscatiheglurationzef thestateref thed a

data bit havi hi 1 ‘ , st . ) .
aper tur es.  FARBSRSRoAMAGGh denids ) SoBim FhEraht e Mays shedTed BPITRIES ©F

]Pl ura![ ihty OAndhites tnuulfrsdet:eﬁrrn@s?mé BF t?dDCt hewbr tranﬁngr?atimﬁd‘tmmtggs@u.dng tlse::aset a
romthe remainjn ur al i of apertures_ ending. [ .center.

Thi's. {or m oelaanRg At sionAhert BR ey 48Ry RaE R R R Bt ibtaBhous

bit centefy yavee e pdssive tagiielibs oh chamettdeddparrosems capaiityy ohftteerectifier bi t

centre is decoded as a digital 0. This formof encoding is used to inprove
t he spect r afir@fitttpsupplyyts 53¥ DG RewgLIeqUYER®Bhce using this



'2,4'AUG 2004 4 nethod of encoding will also have a fairly 4 WG 2ox ati on of
“each of the states conpared to the total duration of the data sequence. In
accordance W 063365 | r st aspect of the present invention, PEEFE0H0§03r ovi ded
a passive s transponder systemconprising a central unit and a radio
frequency transponder, the radi o frequency transponder conprising: an
RF-t o- DC power converter unit arranged, in response to a radi o frequency
interrogation signal fromthe central udit, to obtain DC power fromthe RF
interrogation signal; io and a nodulating unit arranged, in response to the
RF interrogation. si nal fromthe centr unit, to cod ta to be

ranar 11 SUPHE £ 8y aans ot ehemns ke aitBesten cBgS 30 M bass 225 Heet s

using a CQ(S"réts}e§é/rﬁttl¢é7}estd@ﬂsé@dtd"ﬁl?ﬁmsWMa@x@ﬁ@étéﬁtdtQadﬂﬂﬁé@&@f’é ithg pRach
symbol with uni que di wavet orm obt ai ned by switching is between a

hi gh st at avheterdt is@wt: s@"aﬁ‘ &' hepa quty eyrleof PikeThiomeans dat @ﬁt"t stgiesd1avei ng
nigher D6 ReuRiyctish) THfefdRshatodiBnblibtd Snd! wilfadl g*ﬂ.@tﬁé@ drieqidwre | ow

st at e, ni que di'gital waveforms® havi ng cycl e greater

t han -50% state foralmosbealsn cerationh The Manshestas pedad wavefhn,m pfesimtal i @ndidk i on,
there is S | nit
and o r ad 5 FPORf i ERRMRLAR b 3RPARER, TS ERTRRY iledh B obinat
conpri si ngor adut@ﬁon@f Bﬁ‘eﬂmivﬁ@%nﬁﬂlvedﬂmtiounbnsiaismi@gmm (orrthedrmgjbstate)tamda

over. {1 o R A5 o Rl PRIt AW TAR bRy riBitbn fngea. Tin

reSponSaotﬂécbh@ mhlmemmﬂﬁbmmrgmhfd‘rm@ﬂm RBenateffidient, agibe, pdwercode dat a
to be transmtted to the centr?or unit and re etEenthyg)BE ea 30 _nunber of
t t

synbol s, J@nsipraaienisyosgserinfonane fdee ﬁ‘g"t FnS¥ P §O forpnly AuG 200

5 represendy 'P&m‘?uﬁféw SYERSH thaisighafl WhieA Wee elatglstea.heM@eIRJale@ gightai ngsd by
swi tching bet ween hi gh state and a | ow state, RF-t power

convert er 99mIieg @&@é‘?ﬁtqsn@ 87 §h aschewnen F\)@énthﬁﬁéatﬁtﬁfﬁP%Wﬁh%foﬂ'ﬂlr@m?@sl n the
| ow stat ec@é@far (oBFadrdhbatkahsy baidt daaiu'u ohe%.ttaursm G Hid eéséfmmﬂfd@chav' ng

s a duty I'ess than 50% vant ag he invention is
provi di ng rm\mdnangfowgﬂ@mns mpt\ﬂrff' Q1¢nté@rcthe b}lhﬁw‘ﬁtl@@ of therhitpariodd Cbttneadafm que

digi tal W%%T@g saérle sltirﬂ O@E%mega&ra{.omgmmw%t&@g% GorflineLyc! e

greater than ess I'S poSSi

US Patent No. 5,305,008 describes the use of an optimally configured rf voltage
maghifying resonator circuit placed between the antenna and the DC rectifier circuit to
20 enhance the effective interrogation range. The same patent also describes another
method by which the interrogation range is further enhanced. This is by appropriate
shaping of the envelope of the interrogating signal generated by the interrogator.

US Patent No. 5,930,303 describes an encoding method called aperture coding. In

25 this method a data bit having a bit center is divided into plurality of time segments or
apertures. The encoding is done by selecting a first subset from the plurality of
apertures ending prior to the bit center and the second subset from the remaining
plurality of apertures ending after the said bit center. This form of encoding has a bit
center and apertures ending prior to the bit center is decoded as a digital 1 and

30 apertures ending after the bit centre is decoded as a digital 0. This form of encoding
is used to improve the spectral efficiency. However, the data sequence using this



to naximse the power transformation efficiency of a tag in a passive
transponder system The term"duty cycle" as used herein is the ratio of
the duration of a digital waveformis 20 "ON' (or high state) 4§ Gt%ghe
total period of the waveform Preferably, the unique digital vet or

differ fromeach other by changes in state at different points during the
period of the waveform Typically, each unique digital waveform nmay have a
uni que duty cycle. Preferably, the data, s represented by binary synbols.
However, that  other nbal s, cqul d be .used to represent, t data. Typically,
Wher e heveiaey O garediid ndh gissdtav 7 P e, SusmBBRAT Ereh bt Taetafisuc ) 2s
cycle of cd@@%red ¥PiNeAbtal durdiRirFofithe dih ¥eGién®s are | ess than 50% one
wavef orm has a duty cycle of 0% Preferably, the duty cycles of the digital
wavefornms are greater than 50%if the high state of the waveform provi des

dat y cyolbeCapde R a2 aplpd ATl olot Mep bl dne byl Basslye" "

- 200dr Sganeyeidergy st coagFisintpa cehftal dnit Aed la(?édi@fff?écfhe(hfc%/tt%s%ﬁ@é@r m
provi des better RF to DC power conversion, and typically the duty cycles
are m ni m sedtherfesicifrepidepel bansnRansion COAPIING cycles is kept as small as

possible to e > 1| [ | gLt al igital O
Wil be doni nandy- tt)é/rﬂ@mBE’Q’?&PSH\’V%%‘%%@E‘%’?é]?@dalﬂﬂ%ﬁ’%?%?@ao’%dg’nﬁ%@%" te.
But at t hdesonatidr signahfeomiithé eeatrakursit)dobttdie DXipbwer &om theoREh t o ensure
proper decoding.of the data at the interrogator. A high duty cycle wll
ensure t ?"%%'%%'Ba%f the bit will remain high for nost of the bit
duratign whethgg it is representing a digital 1 or a digital 0. On the
other hand a low duty cycle will i0o ensure that the state of the bit wll
remai n | ow f oa modulating uni asiangedr i lesponseetchibre RIE interrogptiers signahfjom the
digital 1 or a digital O.. Fpr,_ encodi t deci sjon, of ,whet her, t o for
the i gncaltrs el Re B fate R BaRSmIR &' icBrlral &t sen Fobieeaniechidof *t ne
bit prodHggrbeppF sPmBols)adingth 6bdihg Syben 2Rk BAMPSystEhToMSsiIR] - the tag
antenna or optimum matching to the tag antenna inpedance. This ensures that
the tag refeseriig eagipsympa with adinigue digitabyeveformiabtained dyrswitchingand t he
durati I i i ich the RF waves received by the tag is
not thgsnggiwéﬁ%a:ﬁgrhagt%gé gﬂ?%qé%ﬁ?@w s nmet hod of encoding inproves the
efficiency of tHehRFRB-DG pawerasunvettenosit genatatiog higiteer DO @opas svhven the

Syat om | FAHABBEHEL RS NI PARERde Py S A BLBU B AnisEe Ggtt
o) oaas MR IS Sl B Rar o ch 2T AL 2000 1O
20 In accordance with a second aspect of the present invention, there is provided a
passive transponder system comprising a central unit and a radio frequency
transponder,
the radio frequency transponder comprising:
an RF-to-DC power converter unit arranged, in response to a radio frequency
25 interrogation signal from the central unit, to obtain DC power from the RF
interrogation signal;
and
a modulating unit arranged, in response to the RF interrogation signal from the
central unit, to code data to be transmitted to the central unit and represented by a

30 number of symbols, using a coding system, the coding system comprising



Fig 1l is a block diagramof a. passive transponder system show ng an
interrogator and a tag; Fig 2a shows the encoded waveforrn of a first
synbol in accordance with the invention when statel (or the high state)
provi des better RF to DC power s transformation; Fig 2b shomszg%ﬁe?@?ded
wavef orm of a second synbol in accordance with the invention When's el
provi des better RF to DC power transformation; Fig 3 shows a data sequence
encoded using waveforns shown in Figs 23 and 2b; io Figs 4a and 4b show the

encoded waveforms for, a digital 1 and g. digital_ O r ectivel y. encoded
usi ng t hEspegnting eaqAwnbeh with aguione dietgPwaleioia ObtBiRed hYERWIAING encoded
usi ng t hgeMRNE R sta@slbfg aSBeVlate) Figs 4a and 4b; Figs 6a and 6b show

the encoded waveformof a first and a second synbol is respectively in
accor danthe Rftta-Reeawsraanverenteih genarading high DCheowenwbeniteg modiatitgs

st g« nantsk BB TR sipteAen %' Blokeate 5t i R Shudtl Bl Ra RV BA s FRE RS
em tted hrduty theeiledLihapdBi%r antenna; 20 Fig 9 shows the pattern of RF

waves avail able for deriving the DC power in the tag when the tag sends the
Manchest er coded data shown in Fig 5; Fig 10 shows the pattern of RF waves

avai |l abl g .f { Vi t: i ; e coded
Gata shoth JyeRRdor e Rfaiomia it oy plobRiNgE HORD /el ARRERAGAT o
dﬁri vi ngsymboDE rppzesen’ted By atdm%meigigWalﬁWavdafermﬁaJuisahﬂhe quufum@eg gat a
shown in Fig,7; and Figs, 12a,an 2b. s not her, ex e .of encode
wavef or méakBorS e AU G dreatar HRNA0% O Isedban BObe RS PRSHBEORdance
witht i [ reffi [ j RF to
DG poviy T o e B e e i ¢ 1
typi cal systetl.ocks. The system conprises an interrogator (or reader) 10 and
a transponder (or tag) 20. The 2 4 AUG 2~~ WD 01163769 PCT/ SA01/ 00033 7
interrogator 10 conprises an antenna 11 and a transmitter 12 and receiver
13, bot hTRE tatmh cutg’cyco dRl (R dt erbiteis ané eatitPoflthe dURStdH ana BYIGEWavBform
conpri ses_an antenna 21 which is coupled to a matching circuit 22. The
mat chi ng“@Nr €Qri high statg) imepgprdbe tetabperigmbatihgtwavefgrma nodul ator 24 and a RF
to DC power transformation circuit 25. The s denodul ator 23, the nodul at or
24 and the transformation circuit 25 are each coupled to a mcrocontroller
26. The Préferatsp, thé urddue tigital wansforms eiffekIron leach etieérvsy cHahgeshia statecdti ng
circuit 2% t he denodul at or 232O tr}e nodul ?tor 24, the transformation
circuit 95fesert Ratats AW RtReSOdA! b WaYSTIM. be conventional st andard
conponents used in conventional passive transponder circuits. to In use,
the interrogator antenna 11 emts a continuous RF signal waveform 1 {as
shown i nTEpigalty, eashi wiiqus digitabiwarefony may hasg samiguaduficyclhe tag ant enna
21 recgives the RF signal 1 and the RF to DC power transformation circuit
25 contferts the RF signal 1 to DC power. \When the microcontroller 26 is
pover ed PpefeyabiifehPQats iP@prREsaney & thnthr/symidie RowevenahatlothePSymbols
m crocontrol |l er 26 generates digital serial data, which may correspond to
i dent i t ycadfiPevsesd rQW‘hﬁntftUP%ﬁEﬁ- i nformation stored in the
m crocontroller. This serial data is output fromthe mcrocontroller 26 to
t he nodul ator 24 which may be in the formof a switch. The nodul ator 24
changes Wypilclatlya,tMém theccmftyiaymv\zs ard greaherdmlaniw%,otm@vr\]/aeef@irmdthsf a dutyh he
m crocontr r. ver, 20 en the no ator, 24 chapnges state, the
i nrpeda%?c@y‘gﬁe 0? HQO%Y\%MP'%”MWQQEPF“?BUBA %)@?%ﬁrﬁd@% Wﬁrbﬁg%m opEWAVEIPERt s t he
RF signa ' Y ft transformation circuit 25. This is because the
ant enna lﬂé?g(ﬁ{tgﬁgd%a(ﬁdgﬁ] y be) optimally matched for one state of the
nodul at or 24, which is in turn dependent on the state of the data signal
recei vedpl LM 0&n dity E085E Skt didftal waveforms are greater than 50% if the high

state of the waveform provides better RF to DC power conversion than the low state,

30 and typically, the duty cycles are maximised. Preferably, the duty cycles of the



25 Therefore, when the serial data fromthe mcrocontroller is coded using
the Manchester coding schenme and, for exanple the serial data consists of
the 6-bit signal "101010", as shown by waveform2 in Fig 5, tf?ﬂé agnal
received by the transformation circuit 25 is shown by the waveform 3 1n Fig
9. FromFig 9 it can be 30 seen that the duration for which the anplitude
of the received RF signal 3 remains high i.s only about 50% of the total
duration of the RF signal 3. WO 01/63765a2 4 AUG ~~ PCT/ S&1/ 00033 8
Hence, w t{yavkksnidbaeh ) r..tr kqn
efficiency is opti rrum@g%mar?gg /ﬂiggﬁgm%&ftﬁg @égwgﬁﬂr%\ﬂ&g;hgggpht%
conpr oni s&¥ paweraRnyensicate paddypioallbthevahey cyblesare emnmsiséd, 21 at which the
passi ve transponder systemw || operate. s However, when the sane digital
serial data signal "101010" is coded using the waveforns 4, 5 of the

i nvent i onThbaiferencEingswadan  CYCh | ' '

nodul ator 24 is the wavefor mdgﬁoc\:m [ nlgli(}egt %fs%@ﬁélnséfggélﬁ@g t?%n{sﬁﬁe E}_at the

si gnal rebiidysatian of bethidigitalfloandidigital Qiwikt betdopBinatedrbyt biee stete hegher it i t

22 i i 7 sh i = 10. Fi 0 it
b soen ¢ NN YA ofs 1w SRR BYEAORE s it 8, ditgtetie shatlihis Sutiierdr 't ne
recei ved BRosglytmbnsegopehtgbodiag o bss aata £lthy irhtlegtagég&hﬂrhigﬁ%f’{ﬁpéy&@e

o] power

t ot al durat‘on of Ege waveform 7. Therefore, the RF
t ransf or !t &rsUre thatiherstaiecf thrditavill kemain high fanmest of theclitiddrationnghether

wavef or s; SO §i : I I e le of the is
wavef or m;ltflg, regtrét he e‘?td gdr@\?\,ﬂldcﬁ ﬁ@{tﬁ@@&%@%%@p 9 &%é‘f’@@ﬁﬁ WH'. The
seri al Waeaswedghat thesstatecoftthe hitswillgenmire fow for Mostoofhe bit duratie’ iihetisigyisof
the RF to DC power tran rmation i reater for a high duty cycle. If the
ef fici encEﬁpé?g‘?%ﬁ‘gp%R&'fsaﬁ Sa%% 6'9&%'1 @d’?Pfi%PCQFié‘s&, dhe F’@?'g@nl vav)v/lmt%w tygo dor t he
serial da l g 1 1 I UsSit N
naver or a5, TR Sy SRS ELInG Rl BUBEERIS FArGeptidon WhiGTYR0 e "2 - o
respect i vieloguces jopgmure laadieg of the f8g @ntehra datessiagoalof tHO {dyLoritennaarcoded

t f ] 0 7. Thi | i he RF si | ived b

the 1 ancSTErTBRENG T 1 g A g ideddnpel TS prowss SRR dragoee o

wavef orim SitimbevRFiwavdsifot mosh®f e bit Baravedsd theldurbfisn W Yisd Bit ﬁb%a an 2s
e

anplitude which is high for substantially greater then 50% of t tota
duration ‘EH”rign\é/hifv‘i\ﬁ@ﬁg?%“@ﬂeSTﬁ@?'éﬁ@rbé!,the ey RAMetdhpoptiowm remairss venyat i on

is much hy rTH; : j . S} Vanchest er
encodinghggEgégﬁgiﬁgﬁgpéﬁ%ﬁgﬁgggéﬁﬁ%év @@%§§§?5§9ﬁfﬁﬁ%BE%83?§§V¥F%nmshomm
in Fig 1 transfairatiorewBengbs piaskiwedrarspbadanid m‘dﬂ’fgﬁits PadpINsE@IIAAUr at i ons
are possi ble. For exanple, the backscattering may be produced when the
nmodul at or 24 changes the antenna 21 2 4 AUG 20p4 WO 01/ 63769

PCT/ SQ03/ RAHABIER dfes ing - | i - j

i cui T g B R oo S RS Venti O o B 5

ni cr ocontdesarieed with eaferanse tothenaceompheyingakawirtgsein whiomy be produced
‘when the nodul ator 24 changes the | oading of the antenna 21 in accordance
with the serial data signal emtted by the mcrocontroller. ' s in yet

anot her exanpl e the backscattering may be produced when the nodul ator 22
changes any characteristic of any of the sub bl ocks or conponents in the
transponder either independently or in conbination. In the. waveforns 4, 5,
8, 9 the length of the duty cycle is different between the io synbols (in

t he exanpl es descri bed above the synbols are digital "1" and "0"). However,
in the invention other types of waveform nmay al so be used. For exanple) the
| ength of the duty cycles may be the sane for all synbols and the synbols
be differentiated by a change in state at a different point during the
wavef orm A possi bl e exanple of such waveforns is waveforns 35, 36 shown in
Figs 12a and 12b is which represent digital "1" and 0" respectively.



2 4 AUG ~ 10 CLAIMS 1. A passive transponder system congr AUE QR central
unit and_a radio frequency s transponder, the radio freguency transponder
conpri si W0%7@F-to-DC power converter unit arranged, ﬂT/FQ‘é@S??Qe to a
radi o frequency interrogation signal fromthe central unit, to obtain DC
power fromthe RF interrogation signal; to and a nodulating unit arranged,
in response to the RF interrogation signal fromthe central unit, to code
data to be transmitted to the central 8unit and represented by a number of
synbol s, usi Ry tiscatiocy dagammf & pessivedrangpsydaraysteomphowing@nr epr esent i ng
each synmbol with a . unique digital waveform obtained by switching is between
a high state'rﬁ?lrcﬁo%?t?rowqi?ﬁ%, the RfF-to-DC power converter unit generating

hi gher DC povwgy 2avsletws thee emcbdled wavefarmi of d frst syrhibs! iiagbordamdeewitthéive t he | ow
state, and all the unigue digital veforns having a_duty cle greater -
Lhan 50% 20myeniiopuBersiate} s il stald Pl RS el RigtoDGC BRWEST uni ¢ and
a radi 9 frequanstria@stgponder, the radio frequency transponder conpri sing:
an RF-to-DC power converter unit arranged, in res%nse to a radi g frequency

i nterrogat i ohi%:?ABOWS Hisneransedayavelarmiefia Seqopdsymnon RS PERICeWiBim t he RF
£ |t " 003 RSk thuey BRAeB beRer RPit DT baRGPHsnddmidepgnse (o Lhe

RF i nterrogati-on si romthe central unit, to code data to be
transmitted Fig3isbowemtdaip saauencerancoded usivgwayefsrms showsen Rigs 29 8nd| s,

usi ng a codi g. system t he codi ng system conprising 30 representing each
synmbol wth uni que digital waveform obtained by sw tching between a high
st at e1and a IFigs 44 ahd4b shewahdlgGeaded WwavefhenmRIor aadigital doavet a digitak® t er uni t

generating high r Jel’u | atd il i S: i the |ow state than
t he high sta{%pegﬁﬂgg\éﬁc?‘%%egﬂb g"eer%%gﬂ%avgacaﬁ\%#%ré@'@vi ng a duty cycle
| ess than 50%ig 5 sBow#A gpdetta isequéncenanmodde usingthe Manobestdr ngding shbanin 1 or 2,

wherein the uni que digital waveforns differ fromeach other by changes in
states at di ﬁ%‘:‘-ﬁﬁ%?n%g nts during

Figs 6a and 6b show the encoded waveform of a first and a second symbol
15 respectively in accordance with the invention when state 2 (or the low state)
provides better RF to DC power transformation;
Fig 7 shows a data sequence encoded using the waveforms shown in Figs 6a
and 6b;
Fig 8 shows the RF waves emitted from the interrogator antenna;
20 Fig 9 shows the pattern of RF waves available for deriving the DC power in the
tag when the tag sends the Manchester coded data shown in Fig 5;
Fig 10 shows the pattern of RF waves available for deriving the DC power in
the tag when the tag sends the coded data shown in Fig 3;
Fig 11 shows the pattern of RF waves available for deriving the DC power in
25 the tag when the tag sends the encoded data shown in Fig 7; and
Figs 12a and 12b show another example of encoded waveforms for a digital
“1" and a digital “0” respectively in accordance with the invention when state
1(or the high state) provides better RF to DC power transformation.

30 Fig 1 shows a passive transponder system with typical sub blocks. The system
comprises an interrogator (or reader) 10 and a transponder (or tag) 20. The



the.period of the wavef orm 4. A passive transponder syst2m Aggpgli g to
-claim1 or 2, wherein each unique to digital waveform has a unique duty
cycle. 5. wopuwﬁsve t ransponder system according to cl ai ACE/S5&P1/80033\her ei n
one waveform has a duty cycle of 100% .A AL .A . A .A.A®B®%Aa .A32 .A3
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Y109&' () eaReethe B gigpad 1 3nd the RF to DC power transformation cucu1t 25 converts

the RF signal 1 to DC power. When the microcontroller 26 is powered up by the DC

15 power converted from the RF signal 1, the microcontroller 26 generates digitall serial
data, which may correspond to identity data or some other form of information stored
in the microcontroller. This serial data is output from the microcontroller 26 to the
modulator 24 which may be in the form of a switch. The modulator 24 changes its
state in accordance with the serial data received from the microcontroller. However,

20 when the modulator 24 changes state, the impedance of the matching circuit 22 also
changes which in turn affects the RF signal received by the transformation circuit 25.
This is because the antenna 21 is (and can only be) optimally matched for one state
of the modulator 24, which is in turn dependent on the state of the data signal
received from the microcontroller 26.

25
Therefore, when the serial data from the microcontroller is coded using the
Manchester coding scheme and, for example the serial data consists of the 6-bit
signal “101010", as shown by waveform 2 in Fig 5, the RF signal received by the
transformation circuit 25 is shown by the waveform 3 in Fig 9. From Fig 9 it can be

30 seen that the duration for which the amplitude of the received RF signal 3 remains
high is only about 50% of the total duration of the RF signal 3.
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maximum separation between the antennas 11, 21 at which the passive transponder

system will operate.

However, when the same digital serial data signal “101010" is coded using the
waveforms 4, 5 of the invention shown in Figs 2a and 2b, the data signal received by
the modulator 24 is the waveform 6 shown in Fig 3. This results in the RF signal
received by the transformation circuit 25 from the matching circuit 22 corresponding

10 to the waveform 7 shown in Fig 10. From Fig 10 it can be seen that the duration of
the waveform 7 for which the amplitude of the received RF signal remains high is
substantially higher than 50 % of the total duration of the waveform 7. Therefore, the
RF to DC power transformation is much higher where the serial data is encoded using
waveforms 4, 5 shown in Figs 4a and 4b. The higher the duty cycle of the

15 waveforms 4, 5, the betier will be the RF to DC power transformation.

The serial data signal is encoded using waveforms 4, 5 where the efficiency of the RF
to DC power transformation is greater for a high duty cycle. If the efficiency of the
power transformation is greater for a low duty cycle, the serial data may be encoded

20 in accordance with the invention using waveforms 8, 9 shown in Figs 6a and 6b which
are for a digital “1" and “0" respectively. Using the waveforms 8, 9 the data signal
“101010" is encoded to waveform 30 shown in Fig 7. This results in. the RF signal
received by the transformation circuit from the matching circuit corresponding to
waveform 31 shown in Fig 11. As for the waveform 7, the waveform has an

25 amplitude which is high for substantially greater then 50% of the total duration of the
waveform 31. Therefore, the RF to DC power transformation is much higher than for
the same data signal encoded using the Manchester encoding scheme.

The block diagram of the passive transponder system shown in Fig 1 is only one
30 possible example and several other configurations are possible. For example, the

backscattering may be produced when the modulator 24 changes the antenna 21
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resonance, instead 6f the impedance of the matching circuit 22, in accordance with
the serial data signal emitted by the microcontroller. In another example, the
backscatteing may be produced when the modulator 24 changes the loading of the
antenna 21 in accordance with the serial data signal emitted by the microcontroller.

5 In yet another example the backscattering may be produced when the modulator 22
changes any characteristic of any of the sub blocks or components in the transponder
either independently or in combination.

In the. waveforms 4, 5, 8, 9 the length of the duty cycle is different between the
10 symbols (in the examples described above the symbols are digital “1" and “0").
However, in the invention other types of waveform may also be used. For example,
the length of the duty cycles may be the same for all symbols and the symbols be
differentiated by a change in state at a different point during the waveform. A
possible example of such waveforms is waveforms 35, 36 shown in Figs 12a and 12b
15 which represent digital “1” and “0" respectively.
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1. A passive transponder system comprising a central unit and a radio frequency
5 transponder,
the radio frequency transponder comprising:
an RF-to-DC power converter unit arranged, in response to a radio frequency
interrogation signal from the central unit, to obtain DC power from the RF
interrogation signal;
10 and
a modulating unit arranged, in response to the RF interrogation signal from the
central unit, to code data to be transmitted to the central unit and represented by a
number of symbols, using a coding system, the coding system comprising
representing each symbol with a unique digital waveform obtained by switching
15 between a high state and a low state,
the RIJF-to-DC power converter unit generating higher DC power when the
modulating unit is in the high state than the low state, and all the unique digital
waveforms having a duty cycle greater than 50%.

f

20 2. A passive transponder system comprising a central unit and a radio frequency
|

transponder,;
the radio frequency transponder comprising:
an RF-to-DC power converter unit arranged, in response to a radio frequency
interrogation signal from the central unit, to obtain DC power from the RF
25 interrogation signal;
and
a modulating unit arranged, in response to the RF interrogation signal from the
central unit, to code data to be transmitted to the central unit and represented by a
number of symbols, using a coding system, the coding system comprising
30 representing each symbol with a unique digital waveform obtained by switching

between a high state and a low state,
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waveform has a duty cycle of 100%.



