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t he I:nventlgﬂgl'@g/ F@gge invention relates to a rectifier for use in a
communi cat i v and in particular to a 5 rectifier PSHSGAWI280§182 use
in wreless comunications devices such-ds RFID tags. Description of the
Prior Art Wreless communication using devices such as transponders or RFID
(Radi o Frequency IDentifier) tags (hereinafter referred to generally as
"tags"), is achieved by having the tagmeaeiw®e a carrier 10 signal froma
device generally known as a interrogator. The nodul ati on of the signal by
the interrogator allows data to be transferred fromthe interrogator to the
tag. In adﬂicﬂ;fgmm@fmamve,ﬁiaﬁ tag often has the ability to further

nodul ate t e SI nal recei ved fromthe interrogator, thereby allowi ng data
to be tran SERF TEBHOT EHRS fhbreptifipT £05 useia 2icAmEMpistigng fevicemantitin park¢ulayiesa t he

tags tos b&ebtﬁﬁdsﬁﬁble&'%r&ﬁ@hﬂm?ﬁesh Btk daBbnsl RORes AEh ANAYHGLS or the like. In
this case, the tag is progranmed with information regarding the product,

such as the nature of the product, date of creation, or the like. The

i nt er r ogat Déscpdior dtahe PAGEALNI S information fromthe tag at a later tineg,
al | owi ng t&e product to be uniquely identified. This i articularly
useful , as 55 PRI 18 e ges vaeh asdrappendery §f RtﬂP&B@ﬁ@ Flteeuembbeﬂlea@ﬁer)

al | owi ng tth@ BeRbfi@0REatd td gdRtaay At MEad '
di st angﬁe th | i cations of gt hi syf or rr'ig ?%%Q?%&E@ggfgaﬁ{%%@}éqygmaé% e&gt?]o be

both p 5 8edgfppgnergly kpojy P%Péntenr%@byﬂﬁl thesilatign i dhet sigsl by the
fixed to tlhﬁrr@galtc&laﬂ&v@d’lat@@%g %ﬁhﬂﬁred%on{[tﬁ@m'ténlﬁgatoﬁﬁ ?lﬁzrtg% riglaéfdmoﬂt}) tﬂl? the tag .

i nport ant t he power consunption of ' se
nuch as po%f@}1 ? He Q@LWH'P M@#lﬁg uite e ﬁltgn¢15¢q81)fﬁ@frem tbm@temog@weﬁsreby allowing

conmuni catdacartodaeaﬁs&n%abmcﬂdth%tg&@thb%ﬁerrdgat& he like. In order to save
power, it is known to produce tags in which only portion of the t ags

internal circuitry is driven by batteries. In this case, the renaining

circuils y Tl'ﬁdmhw@%d g tRbe Gbddath dxb¥iple a9 RIAGRS tdgE ?01‘%?&(&?3 fof g e s cﬁse
si gnal at ed bé@t he .interrogator. Devices Is formare 351 nown’

seni - pas s | tag &%, programmed ytihopfopmation regardingse [?E‘}%tjslﬁb pushtap theratiue of @asmduca

devi ces i nlawhif efeatid@l, br thbike.l TR inteFhgdtct ROWRA 8 s IHRG e8] £&h ﬂ% Lgéfﬂla later
t her eby over c%ggmng%éw@f eed or any addj tional power source. Pa and

seni - pa55| T‘ﬁtg f Bripychadensidied; Kugésparticalarly mseful, s theinttegeser
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coi n, O%LI &WI ngithe tags to be at té;choed E’f.)to objn\e()%ts as g%%%@?hﬁg@aggf%&&%

MAY 2 ii‘f’ﬁ?ﬁ1939 PCT/ S&G002/ 000122

, In applications of this form, the tags are usually adapted to be both portable and as small as
- possible, thereby allowing the tags to be fixed to the outside of packaging, or the like. Accordingly,
‘ it is important to ensure that the power consumption of the tags is minimised as much as possible.

25 This helps prevent failure of the wireless communication due to exhausted batteries, or the like.

In order to save power, it is known to produce tags in which only portion of the tags internal
circuitry is driven by batteries. In this case,.the remaining circuitry, such as the RF circuitry,
obtains its power from the carrier signal generated by the interrogator. Devices of this form are
. 30 lkuown as semi-passive devices. Similarly, it is also possible to produce passive devices in which

all the circuitry is powered by the carrier signal, thereby overcoming the need for any additional -

power source.

Passive and semi-passive devices of this form can be miniaturised o 2 large degree, allowing tags to

35 e created that are equivalent in size to a button or coin, allowing the tags to be attached to objects

as described above.



-2 An exanple of a passive transceiver is shown in Figure 1.L1,dst%¥om[}5the
passiye.-tra iﬂméplhé formed froman antenna 11 coupled to a power supply
rectifier via tching network 12. The mat chi ng net woP&kT/8€2003/0e(13D
coupled to a 5 nodul at or/ denodul ator 14 f8rned from a second rectifier,
which is in turn coupled to a pulse shaping circuit 16. In addition to
this, the power supply rectifier 13, the nodul ator/denodul ator 14 and the
pul se shapiAgexample of 6 passize conpbied i§ doad iMBliré M cro Control Unit) 15 as
shown. In use the tag operates in two different nodes, nanely
interrogator-transn ssion, when the 10- interrogator transfers data to the

tag, and i mMsshgwh, I’t%m‘m%ﬂrﬁl@cewﬁhﬁffoﬁlﬁﬂ HoBhnlab @RS B upiel & 4% epﬁl Iy rectlﬁer
i nt errogat 013 I.n tyﬂtransm SS| on ITDde the transceiver 1Is a 38
carr

recei ve a FAPE £Re5%9Tn Pnt e Fieo geatching \ﬂe’él"oﬁ'lhe”anlseﬁha QQLlplefl’fh@ 2

carrier 5i gmmams/deﬂnadmmdm air@ed lwmtb@ecbﬁegrécﬁﬁéfl A datR ol Bidd ANS h@ d.{ ed
to 15 the i err%%ﬁ%g% {néagdcontr in the interrogator-transmssion

the interr &Bﬁ i to ﬁr'th BYVEiSERPAY reglifion 13, thoroduatpriismoilyaiet 14
such that tahétHeaglst Seing@sit 36 ARG Qﬁmﬁ{]\{ +oPGAh k| presenting
the data to be ??ansfgr)r;ed to theptaéactig Inin 61?1?*(}’59%& or - tpggs??ng}}sogrlﬁon rmde
the nodul ated signal is received by the tag and transferred to the

pover supplly useahd frigebpckaesitt thd QtifiRehi| BLRE/ Ao e | ng
net wor ng\é which o ggr%t es to match the |meﬁancek%§%%?}grﬁ%{%ﬁsﬁ§nwdﬁﬁg (%E

of the ?*e“s‘%&kﬂf Apsiers idptpdp thestagppd ip dog-taparnission r e hrl g dtaosfers 4lata Tth ghe
power suppliyeraatorfier 13 rectifies the received nodul ated signal to
generate a power to supply Vcc, which is transferred to the MCU 15, whil st
t he nodul at or/ denodul ator 14 rectifies the received nodul ated signal to

t hén oRduhati th
recover £ lssﬂ@l BO@N e tradReilBigs RbEE é@ﬁ@ﬁ%@ag ceﬁ‘hércsﬁungl %ﬁf%@e%ﬁ%o €

nodul ati ng si gnal q ansfers the resha
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all ows the ﬁ‘%ent“ﬁ Ry RTHRE sigha} itheremedulptesitytheldge tarliowelajacis ¢ transferred to
t r anscelsvethel 1ﬂterrb£k@ormld Hbﬁa@ﬂn&h@ﬁiﬁho?a%& -thaRsrhi@Gard F:B8S @ﬂeslﬁ{e %a%}q'?%lufa § the

15 can al so transf ta ta t he nodul at or / denodul at or
out put . Th&HEddER? OW vlafing: sigoelt sish theaibe dﬁ%ge‘?@h@S @aﬁmﬂléﬁtefklsgndl the

recei ved f ndultdieh repraécatin@atian t bt AGSOFAANAR .t h the data. This allows
data to be transferred fromthe passive transceiver to an associ ated
interrogator in a process known as backscatter modulation. 35 It will be

appr eci at eth inhabog@s:-tremBich BIBHOPE hRbEsDabia dUBlBEdD t t
possi blg for both the tag and the interr EI:;ator to tr9%8§1&aggméd%%
Fhifg oh

si mul t &ffeoBEFSF. SR 674 th"emlo%ate%# pigtor 44 Fiasthe matehing nelgrotlht?, which
i nt err ogat eperabed rhddch tha gmbededec \vE ShetinRhd WK 1ol Btgdver‘%up;ﬂy fcRg! 13108 thas

not been 11 4/ 001939 PCIT/ S&002/ 0001
%ato%gemod\légt 99 4"he power supply rectifier 13 rectifies the received modulated signal to

- generate a power to supply Vee, which is transferred to the MCU 15, whilst the

p modulator/demodulator 14 rectifies the received modulated signal to recover the modulating signal.
25
The pulse shaping circuit 16 reshapes the modulating signal and transfers the reshaped signal to the

MCU 15. This allows the MCU 15 to determine any data transferred to the passive transceiver in
the modulated signal.

30 Intag-transmission mode, the MCU 15 can also transfer data to the modulator/demodulator 14 from
the data output. The modulator/demodulator 14 then modulates the carrier signal received from the
interrogator in accordance with the data. This allows data to be transferred from the passive

transceiver to an associated interrogator in a process known as backscatter modulation.

35 It will be appreciated that as the system operates half-duplex communication, is not possible for
both the tag and the interrogator to transmit data simultaneously. Accordingly, the tag can only

transmit data to the interrogator when the tag receives a carrier signal (i.e. a signal that has not been



5 10 15 nodul at ed by the interrogator). As the denpdul ator 14 |1smm7_[}@ﬁ to
power . suppl X’Eé? (}4|( |9%§I the circuits can be conbi ned. An e of a
rectifier in @ 4t g this arrangenent is shown in Fi gur@CZ/SGR80a1000 | N
this exanple, the matching network 12 is3coupled to a single rectification
circuit 19. The rectification circuit 19 is then coupled to the MCU 15 via
a pul se shaping circuit 16, a voltage regulator 22 and a nodul ator 20.
Qper ati on ebdildted ®i the ihdrdpgiogubst antially simlar to the circuit described
above with respect to Figure 1 and will therefore not be described in

further detail. In conparison with traditional receivers that use | ow noise
anpl i fier SAt el d&iﬂ’o@ﬂ@t@r S RSdirhilat ith Yowst su ??éci’iﬁerr ﬁc ﬁlev cull&a% rb%tcgl%gmg&) Oﬁm
sensitivit gﬁz r| mari |y because the circuif I's nmade very asi ¢
reduce po ElFFﬁfl lﬁdn‘éﬂwr%f@ﬁtthlsﬁﬁﬂﬁﬁéﬁnﬁﬁrﬁbowﬁm s2ve transceivers,

t he tI‘aBSCEI ver has to generate additional power to supply digital
circuits .as the RFE circuits. The power available to a receiver is
gover ned b § &'néa {his Prswple, the matchimamobwprk 12 istcoxpled ty Dyingle 2¢ctification xBui@ 9. X A

X P4,c lTheLrecWB%Etﬂm dﬁrcuﬂ‘ 19 %Qﬁ'énvc%ﬁ}tﬁg@mﬁe MeU 1908 ﬁﬁhisg%aﬁﬁlggﬁ‘cﬂ 16, N VO]E?‘%

transm ssi on power = transmtter antenna gal
G = recei ¥&lt %%%a@%dﬁla@@o Qnevesior 9§ the dironit g4 gﬂpaﬂanth@sssamla(nmdiemimmg

polarity | @sé&ibeBhowbiwitd résp&S to BB ANAI Q“llftﬁ&‘gfo}@ dof bl 9e°s§1%be§9n P;?t%era | abl e

power for the receiver Pr is proportional to transm ssion and t he
recei ver —antenna gain O. Simlarly the power is |nversely proport| onal to

D . The avmidoaphsoR OWRT trhd¥G88T RlcBivers that use low noise amplifiers to increase sensitivity, a
: passive receiver has rather poor sensitivity. This is primarily because the circuitry is made very
basic to reduce power consumption and cost. Furthermore, in passive transceivers, the transceiver

has to generate additional power to supply digital circuits as well as the RF circuits.

15 _
The power available to a receiver is governed by the equationsl:
P =P xG xG, x[—ﬂb—}z xl
47D L
20 De FxG, xG, /1 A 1
B P 47: L
Where:
P, =receiver power
D = operating range
P, = transmission power
25 G = transmitter antenna gain
P, =receiving power
- Gy =receiver antenna gain
A =wavelength
L = signal losses (including polarity loss, matching loss, antenna directivity loss)
30

The available power for the receiver Pr is proportional to transmission power Pt and the receiver

antenna gain Gr. Similarly the power is inversely proportional to D, The available power therefore

decreases rapidly as the distance increase.



decreases rapidly as the distance increase. WO 2004/001939 -4 iL1| @ mS
PCT/ SG2002/ 4/&@8@rdi ngly, the field strength of the signalb ¥ i at
the antenna has ' to be sufficient to allow the received si ghGl’SGaoRe00i22
processed, as well as to allow data to bedtransmitted back to the
interrogator restored and subsequently processed. As a result, -a given

strength of carrier signal will result in a given operating range for the
recei ver. BAccordingly, thadieldafrendte ofihe eighdl rédbivid SYhcandenPRIsal b@g.lffciia Mocagio\éﬁﬁe
gnal no ulated as

data from interrqgator, the antenna generates a si

shown in F?gcﬁlrvg élgm‘?g%gﬁﬁ’{?&?%%%’ﬁe‘? Pn%torag‘e‘fvidﬂaéa be frgpantiefchick &t el intbyoghtere

modul at or / destavetlidrait snbseddenily prdeesssr. | As Fhegult @ iYL o a§%l=9' vetorm

of the signal er at edgqt}x[ t he .\power suppl ygq‘;eggt i&%rte(r).C 10 1 %1%131‘9%3@1&:1 in
[

e
order to gghvg?gﬁeéa A YAV Snpl i t ude of Vcc, the anplitude of the
receivedd signal at 33, 35 will have to be at |east Vp, where Vp > Vcc/?2.
In this ca e, thed(Efetgti]‘ied 5111_ nal must ower the MCU and all ow the RF
signal to B Y ESARERA Ar shcuitef Highre fopergting torresdiver dite disint amintarmiitory tHeomtchsn
transmt datwerdt@ o fighal mb@NAte DRt Bbwn A0 idL 9Nehe ROVEI ] ihed to send
data back to the #Eai;cer r%g(?t or. I,nstead_g%f_ rgg? at | ngnﬂlc{cfsth%@n S{%a\‘/lggnef%ed
transmt gati Medpetendempdylatpnid s shova n g d dHiguie obovws thy waweiem ofhie siaher
in which tgegratsl wahd goved swply rectf@pend on the particul ar inplenmentation and
t he opelroati ng frequency of the system 20 For |ow frequencies, the circuit
switching-results in a variation in the | oad of the antenna, which in turn
causes var lathisofasgfin velet &O€endR datbQingfan SIndialde PG &l Qlﬂélﬂ[?‘geao thTeceiy
i nstance, a shogﬁ;g%]rgﬁl{]t draws nore current ang theref ore absorbs feve
power fronm iR @ A4 hayg t¢ braatyesst iy evbpis e Ved/drTa this exde dedect@Bd Aigndl adust
hi gh frequencireie MaU at bléw &fe HE0AhaWb bk dbBsdthded N variation of the
i npedance at input port of matching network, which causes a change of
reflection. In conparison to this, at |ow frequencies, when the inpedance

of ant ddnakpte teaieSoflBO Ure@nN bptaatn@to MBS &ihsWhit dhtd t&atthf: %telirg%ﬁ)té, fﬂﬁ{etfogﬁzgopvgr is

mat ching network, ‘there is no reflection taking ace,

i nst ant Wa{/e@u]:'il\ﬁ%l P SB@%@‘T‘ P?Fzrt%&het BieEpgaies tinstezg of h@?ﬂé@b&/ets owaf iR pted to nafsefses
Wi th i npeddmng ehadirsitimidalated Ghe Mbdning BRH&NAvEMEHE ASEnARG b8 ihen, he
circuit is;the short or open ci rcui% at thevgr_ngrht\g suc %ﬁ%{c‘h%ﬂf ls\t,%ﬁggleﬁﬁlswgnt
power is refFEctede? F dmplementatipnang theroparg @encytofi$captenna nor nal |y
mat ches the circuit properly. However, when short circuit take place in
the regpific t%n circuit the inpedance matching at the antenna port will
become “wor 88, CHATERTEES thercienit suighmgresyls Bre vaniatiominrtheloagaktbe antenma, which in

turn causes variation of voltage amplitude of signal induced antenna. For instance, a short circuit

draws more current and therefore absorbs more power from the antetma, so the voltage is therefore
- reduced.

25 As for high frequencies variation of load will result in variation of the inpedance at input port of
matching network, which causes a change of reflection. In comparison to this, at low frequencies,
when the impedance of antenma port is 100% conjugated match with that of input port of matching

network, there is no reflection taking place, and the entire instant wave will be delivered to circuit,

30 The power reflected increases with impedance miss-matching, with the extreme case occurring
when the circuit is the short or open circuit at the port such that all the instant power is reflected.
Therefore, in high frequencies, the antenna normally matches the circuit properly. However, when
short circuit take place in the rectification circuit the impedance matching at the antenna port will
become worse, which result in reflection of the carrier wave.,

35
The interrogator will sense the reflection allowing the data to be back scattered, During the

reflection the power entering the circuit reduces. Furthermore, short circuit will discharge the



35 The interrogator will sense the reflection allow ng the dat_‘HtHAﬁeZﬂﬂéck
scattered. %él n& the reflection the power entering the circuit reduces.
Furt her nor e, RO P cuit will di scharge the 11 MAY 2005 \ROTZ0400@3239
PCT/ S&G2002/ 000122 -5 current previously sifered in capacitor, and thus the
circuit requires tinme to recover after the short circuit is over. To
overcone this problema switch can be nade at the matchi ng network by

i Nt roduci Nguréenk BRGIAIE StoRAITR ARABKer SHANMASHE BRAG EQfire® bk 39%%&%{ aftd ﬂlﬁe{‘s% the
bias condition will ngt change during reflection tine. As a result, 1Ethe

tag requi r 85°Hdli TFondP PERERS this prokisant swileh san b whde pinthe miatapingaretwark by
fuether 1 afieehontt 4 REtARE LahbREINAROR BpackiBiCorliAfRtor g’cg@%ttﬁ% Eigp?ongh%o}; Qv%lg?ot 2)

probl eminclude; 1) Increase the transnission power e I nterroga

| ncrease t FENgHTEHE &S0 BPe.t he tag 3) Reduce the power consunption and
operatigg voltage of the tag 4) Increase the sensitivity of interrogators
15 The maxi mum transm ssion power is limted by regulations that vary from
region to region, and these are therefore limted. It is effective to

i nprove rapge Ryul, K 8ast -gal t : n . However . t
antenna is 20 typi cal ?y @grrrg% Iq?dlglﬁiﬁgpg&%rn etlra%%g%gﬁ{saﬁ\?g?e BoEge It]?%hiﬁTtWQ
the practi Egpe %ﬁ%%ﬁtngéme@é’fb@bﬂai ned. Trade-off has to be nade anpng
performance (including gain and bandwi dth), size and cost of nmaterial,
Decreasing the power consunption of the tag will increase the range.
However O .+ Rutigns s tisipgoblemaingludgs | i nited by the fact that the power

consunpt i of) hsreS8MRMALIMisNET PolePYF ROt Pat&nl y be limited to a certain
degree. This again places an effective mt on the inprovenents that can

be obt ai _ne%I).In‘Frﬁ“-“t-‘W sgae win 9iiprteyi ng the sensitivity of the interrogator,
the magni tBth@ed_Q& Li]@fm' g&“sﬂﬁ}h%aﬂgg ratﬂl%%oﬁz?g(e%?{h%nca at as the modul ation
tor to the

used to transmt data fromthe interrog ag. An exanple 30 of
this is shOWACTFHC Begerstvgy of miqmeeaoxanpl e, the nodul ati on of the signal
bet weensthe points 37, 38, 39, 40 is |ower than the depth of nodul ation
than the signal shown in Figure 3 at 33, 34, 35, 36. However, it is usually
difficult & PREMYYTANRBIsE eh 8Pvervs tigpited by regulbipnsghatwaoniio égidrhie reeiceiauer
and transikkdetagd thBampe: tiaitaor k si nul t aneously as in the case of
interrogators that comrunicate with 35 passive transponders. |In particul ar,
the transmtter and receiver are generally connected to a single

It is effective to improve range by increasing the gain of the tag antenna. However, the antenna is
20  typically small, simple and inexpensive, thereby limiting the practical gain that can be obtained.
Trade-off has to be made among performence (including gain and bandwidth), size and cost of

material,

Decreasing the power consumption of the tag will increase the range. However, the effect is again
25  limited by the fact that the power consumption is generally very low and can only be limited to a

certain degree. This again places an effective limit on the improvements that can be obtained.

In the case of improving the sensitivity of the interrogator, the magnitude of the modulation need

not be as great as the modulation used to transmit data {rom the inferrogator to the tag. An example
30 of this is shown in Figure 6. In this example, the modulation of the signal between the points 37,

38, 39, 40 is lower than the depth of modulation than the signal shown in Figure 3 at 33, 34, 35, 36. -

However, it is usually difficult to improve the sensitivity of a receiver when both the receiver and
transmitier have to work simultancously as in the case of interrogators that communicate with
35 passive transponders. In particular, the transmitter and receiver are generally connected to a single
antenna via a coupler. In use, the coupler is adapted to ensure that the isolation between the

iranstission and reception channels is as high as possible. However, as the transmission power i3



antenna via a coupler. In use, the coupler is adapted to ensu_r‘ie1twréa§

i sol ation beg‘y{g%&_‘ﬁ)@% transm ssion and reception channels is as Mg 0
possi bl e. Howe : Y he transnission power is WD 2001/ 001%€9/5G20(0M§012005
PCT/ SG2002/ 000122 -6 generally a few thouéand tines higher than the
reception power, then if even a small proportion of the transm ssion
channel couples to the reception channel, then this can interfere with or

even conplgeteedlly sivthadsend thieshgder hidGe SRRMNA powdS 1A PvRh § sinsP Eﬁg&@ﬁn of

t he channelts &é}the. co %Ime{ is inpossible, it is therefore necessary to

ensure the e Sglésamg‘icg‘ el pauplep 1 Mgatiecqptigh chanpel Hhea this cam inderie withat sderby

t he transmicempleriychaanae the rddefideehiiticl USS cMIL: RERLAPOMSE: a{ahﬂé&lf bk RIS N9
a

range to be ingi%}%ved &lgr? certain degree, However, addition I ncreases in
operating rERYE Felidt PEIRHRGFERY TR aTues e rqopired figusliis\soprgsy than genisteaferded n
the tag,5 t egaicHoy theithhsrhis@sineshel evel s of backscatter nodul ation. 10

US- A- 6, 140, 924 shows an exanpl e of prior one systemin which a diode
rectifier is provided that also acts as a voltage doubler coupled to a

singl e ant aheacdhbighes HRMRMChovE SR *tl{kgoﬁepﬁmgqlaﬁ%%% RYrode836S, LRa@ S8fLal N
degree of Woven&gt. §5 However, a major problemw th rectifiers o HHi s
formis thatt FHE: pPULRIRE Scppses i perating ramee irequg Nmpravad davels TH wetifeed sedtage

probl ens i geddiediamier ag, icpemer witPFPRRiE Soviis Bf'ﬂ;é&kéc@ﬁerﬁiﬁﬁ&h‘ﬂiém as well as

causi ngo difficulties 1n matching the inpedance of the rectifier to the
antennda.’-Fhis is highlighted by the fact that in addition to the inpedance

mat chi ng  CISCANEL140 DI st laf Rk Hipld S i ohé QysRatindlis £81‘31i'é fe@t?%ér*}se . x%eedsﬁntce
of an exterlnal capacitor, the value of whi'ch nust be selecte totune the
response of!SP RS arovaliapednubler oquplad fvevingle apeme ok oHowevsn dbehling e vobiage only

antennas, igdf@n cAGh IRREdoridpeRget to a respective voltage doubler as
described in US-A-6,140,924. The two out put voltages of the voltage

doubl ers can be superposed to generate a voltage that is approximtely 4

tinmes as hidghens, 4 Mmajek pRBRK: wOVRNELs o2BiSHAR i MaPhE ?éagcgggpf thg?{L%har' AL
a nunber OL. drawpacks. Firstly, dual port antennas are difficul to
desi gn. SelBHGI yuscREesHrhems i the senstatigp of harewnies wishintbecriral, aswvell sasaysatech

ant ennae V\bﬁﬁcﬁﬂt&a@lhmaﬂamh%)ﬂﬁ HSddsic 0®fheReciBELTh AR anfiish. %@%&E‘ i 'ié}ﬁefdib? A
case the vgllat ag _c,annoth e superposed. Thirdly, the anplitude o he
signal at E4th 35641911 Fthf gpRFCRYe etcmsirEl theoyetmto! B8-A0140.824dso requitee firea.
For i nst ape@nc@of 80¢ktdrsal Ghack®, HBVELE WPwRERH htisle dictie E@E&E}% gleg(gsﬁﬁnsf: SHEL

t hat t?S conductor of the loop 1s cut 30 into two pi eces. or “each
port i$Yretiif¥¥s due to effect on current flow through the Ioop conductor.
Summary of the Present I|nvention

A further proposed solution for two port antennas, is for each port to conmect to a respective voltage
doubler as described in US-A-6,140,924. The two output voltages of the voltage doublers can be
) superposed to generate a voltage that is approximately 4 times as high as input pecak. However,
25  such an arrangement generally has a number of drawbacks. Firstly, dual port antenmas are difficult

to design. Secondly, the solution is not applicable to antennae such as patch antennae where each

port consists of a terminal and ground pin, in which case the voltage cannot be superposed. Thirdly,

the amplitude of the signal at each port is reduced as compared to that of single port antenna. For

instance, a loop is cut to have two ports at different places, such that the conductor of the loop is cut

30 into two pieces. The gain for each port is reduces due to effect on current flow through the loop

conductor,

Summary of the Present Invention
In a first broad form the present invention provides a rectifier for use in a communications device,

35 the device being adapted to recetve a signal from an interrogator device via an antenna, the rectifier
including:



In a first broad formthe present invention provides a rectififed M&Y 2968 in
a comauni caty,8ng.y w&ge, 35 the device being adapted to receive a signal
froman interrogator device via an antenna, the rectifier RGEIGEIMYO1221
MAY 2005 WD 2004/ 001939 PCT/ SG2002/ 0001227=7 a) First and second i nput
termnals coupled to the antenna for receiving the signal, one of the

input termnals formng a voltage reference; b) First and second out put
termnals; c)a)AFtrsd sehahippugertiitatiédnpld upihedntekr fatredcdasd theBGnA ore RE the

i nput term nal sm%gpte}ngrel VRl tage I? reference, the first clanping circuit

bei ng adapt ed t 6 Tgenar ot e CAPE P IPRgr KifFERFesi gnal at a first terminal; d) A
first peak reépt Firitend soopl aathbut erbiglsf i rst terminal and at |least the first
output termnal ,, the . first .peak rectifier being_ adapted to rectify the
first cl arrpe&?s ip“gltrﬁlrasfe Clta':lfp’é‘%ncélg‘é}?@o@??di'ﬁosﬂteieqsbe?‘? Pf W8 @ rumingls endethe ivokiage
out put fermi nal reféredveytas etdiartyiny @tcur @eing RIBRARERnerdQ o Brot MaRBEPRLhF1:aTRINY
circuit coupl edtetna.na{t_ | east one of the input termnals and the voltage
reference, the Second cl anping circuit being adapted to generate a second

cl anped si gnal) Atfirstepesle otfikricoiplRdidl the ffdflertihalAng 8CRIM 1REBY Jubfil tefdflL e
coupled to the %Fsgon&fterfm al aaré}d aé Ieas,%ythe second output =~ term nafh,
the second peak Te&tts M BING Aaupt dyrecty defirtyclampedsigehtp etnantren first
signal to 15 gmﬁﬁm@msseecmdoﬁ@aﬁhlﬁzﬁ@ﬂ“ﬁﬁlqéb@bct@&voﬁ@%er%ﬁ%@a out put
term n?b Wi th,respect ge vol t.ag& reference. In use, the first and second

i nput  t er-ni nal s o TR REE §iTeBf cayrled foct dvashone of dipinaet tenindie anthtbenoliegei a
an inpedance matefdnémaeg, tha {fe@@ﬂdtclanﬂﬁlgﬂii@ui%ﬁ@%‘ﬁabﬂé&’%t eh @8k R on By é%lrs%rahft/
vol tage reference. In thi . case, the signal typi ca%ly has a naghitude ,
with the first %feg%cftﬁ‘&“%%aéln bei ng coupled to the first input terninal
such that thd) Aisesindcpealipetified ghipledNasha sdvBANdMAS SALSIRNYL L |4e¥on q(%@]%utt 0
2Vp. 25 The secgnd (il glrrpi ng circult ig typi cal lé coupled to the tirs nput
t er ni nﬂ) such t A& SEHH geakge °igg gfaptedhiggediinthgrieeand elampod signalital | y
equal -Vp. |gentiiesa seml rechified @gial bi 8k SamdRRmAIR |

modul at ed signal_.or DC vol t age havi@?\g a magni tuépg og{@glbi‘r?%%s?égltﬁﬁv%ﬁé 30
Cenerally: a) ]:Fﬁeéenfz?'rst clanping circuit includes:

In use, the first and second input terminals of the rectifier are preferably coupled to the antenna via

an impedance matching circuit,
20 )
The second input terminal may form the voltage reference. In this case, the signal typically has a

magnitude Vp, with the first clamping circuit being coupled to the first input terminal such that the
- first clamped signal has a magnitude substantially equal to 2Vp.

25  The second clamping circuit is typically coupled to the first input terminal such that the second
clamped signal has a magnitude substantiaily equal to -Vp.

In this case, the rectifier can be adapted fo provide a modulated signal or DC voltage having a
magnitude of substantially 3Vp.
30 o
Generally:
a) The first clamping circuit includes:
1) A first capacitor coupled to the first input terminal and the first termina] ; and,

i) A first diode having a cathode terminal coupled to the first terminal and an anode

35 terminal coupled to the second input;
b) The first peak rectifier includes:

1) A second capacitor coupled to the first and second output terminals; and,



i) Afirst capacitor coupled to the first input term nal and t_-ﬂej NAYSIZU5
termpal; ang.g dgododiefd st diode having a cathode termnal coupled to t(l]e
first termnal and an anode 35 termnal coupled to the secBRESGAWaN00IR
The first peak rectifier includes: i) A s€cond capacitor coupled to the
first and second output termnals; and, 1 1 MAY 2005 WO 2004/ 001939 -8
PCT/ SG2002/ 000122 ii) A second di ode having a cathode term nal coupled to
the first out putit drse¢andidiceindheding a aibods teeiifi! RatplaDLrhetrst OuthMerifad bnd an
termnal; c) The secqnd cl i ciycuit, includes: i) A third capacitor
coupled to the sec%r?ge%ﬁrﬁlﬁ%%tggpﬁ%}tﬁéﬁegrﬁétewléecond termnal; and, 5ii) A
third di ode haviTig saondhilinapiag tiesuttindhdes:oupl ed to the first input term nal
and an anode t%Lm Q@ld cou tI ed t]g the secopnd termnal; and, d) The second
peak rectifier ihcfulEkePIgonsoupied i,ha seoapbiapyt Smistsiddhe wgondieminalend.and
second dut put t di mnigtcdiodatying b batfodoaueiitl e Y ARG iy C@RA End &1 LAA
coupled to the seﬁfnd tlern‘i nd?tl and an anod O termnal coupled to the
second out put ter ni*HAF Copptedtg the sepqud terminalandijapt ed to further nodul ate

t he recei ved dariie escosd graktectifidtendl@ieki fier including a switching circuit
connected in par.)aIJPgl wi t.h th_? secqgéj cap]%ci tor, the switching circuit
being adapted to CSAFTSH ERIETRSATHISH fodhe et anfl eccpad et dermingleasd; n
accordance wi thid Adewhatiodethasing@hthdde ©RGRI] eI 10 MeebAtERidBhind Jahnbdl S

case, t&tbe controller .EE%?I?H&%HWNCU Qr other appropriate digital circuit,

adapt ed t-o provi de® ISSAQUPREenmiRali ved signal . The rectifier

may. al so include third and fourth input termnals. 20 In this case, the
thitd and tf%?rth input termnals are coupled to the antenna via a

respective Hﬁgﬁ‘éﬁ&%g‘rﬂt’i}‘hf I uether dppdplatethereeeivdparrisp signal dhefogtifier inpjudbe a
coupl ed t oswiruneonnd doandchar AbrIRS With ool aRpIALEI RO Sintifk cithHLsfASe
t he second %al anpi ng o rlc,wt maé bei ng coupled to the f’ourt_h I nput term mal
such that FHE©IZ8 RUWNY Rrdpion ofithnurekdssisahinpsrerdense suithst madulating\siseiual
to -2Va5 | rectivedsireaseontdier. rigetis &dsertheamnbier adg b 86 MU RE 8t fRRd Ul ALed
signal or DC \{olc}a%? havi.n(g.a ma]gnitude of substantially 4Vp. 30

Gener al | y: “R§MbrifBPFY ooy lpmeiylatneths wegivrdaignali ) A first capacitor
coupled to the first input termnal and the first term nal; and,

The rectifier may also include third and fourth input terminals.

20 In this case, the third and fourth input terminals are coupled to the antenna via a respective

impedance matching circuit.

- The third input terminal may be coupled to the second to thereby form the voltage reference, in
which case the second clamping circuit may being coupled to the fourth mput terminal such that the

25  second clamped signal has a magnitude substantially equal to —2Vp.

In this case, the rectifier can be adapted to provide a modulated signal or DC voltage having a
magnitude of substantiaily 4Vp.

30 Generally:
a) The first clamping circuit includes:
i} A first capacitor coupled to the first input terminal and the first terminal; and,

i) A first diode having a cathode terminal coupled to the first terminal and an anode
terminal coupled to the voltage reference;

35 b) The first peak rectifier includes:

i) A second capacitor coupled to the first output terminal and the voltage reference; and,



ii) Afirst diode having a cathode term nal coupled to the fi?JtMAKrZﬂ[}ﬁal
and an anode, term nal coupled to the voltage reference; 35 b) The first
peak recti fi‘gpzﬁéféobﬁgs: i) A second capacitor coupl ed to thHea/SG208000122put
term nal and the voltage reference; and,-%-1 MAY 2005 WO 2004/ 001939

PCT/ SG2002/ 000122 -9 ii) A second di ode having a cathode term nal coupled
to the first output termnal and an anode term nal coupled to the first
termnal; c) Thé) seeanad Gloasmpivig £ b4k terinfal MHBRA th IneAirkiiy tfeﬂgﬂglgatnﬁra
coupled to the fourth input term n:ﬁrl53 and the second term nal’; and, ) A
third di ode havi nd™§ ectﬁ’ﬁlﬁﬁfhéoqu frgidsmimel to the vol tage reference and
an,anode terdyi Mad sceedehitOrilch ikR@eynd term nal ; and, d) The second peak
rectifier incl uges: i.l) A fourth capacitor coupled to the second out put
terminal and th® vofgdgaraciersoupledio thgfgurth jnpyt tamingliandhesieontd thramiahgnd

cat hode 5t er m naki) Q@ﬂﬂd&ﬂode(ha{riﬁga%ﬁﬁ@d&%&ﬂaﬂ%ied%ﬁw%k Qgke en%oanﬁergi ’&a'
coupled to the second ?utpijt termnal. The rectifier may include a MR
capacit or connect tPHR! e4HRled de Pgsecoad irniarlsandThe fourth i nput terminal may
be coupl ed t ai)t TR febdrmitpehlnRitifier 7iéGlcd. hat the first, second third and 15
fourth input termnals are coupled to the antenna via a single matching
circuit. The reBt i#ﬁ’@#h RRRFCIQ FeuRdad tp Hielsergad entpwiiteraiiniahanddheroltage refrenec el i n
paral l el with eijif hefoueth At Rawie § BEhods 8GRNG ciiarsy the

SWi tchilﬁg Ci rcui{ bei ng adapt eoFto control t%ﬁ%%g??cgﬁ&)%#“%ﬂemﬂ% 0 ed
si gnal ‘Pn--accor darTBiR eeppisd it sepopdeptait aminak ecei ved from a control ler.
20 In this case, the controller can be adapted to receive data and nodul ate
t hei recei v?g%%i%nal in . accqordance with received data. The data is
typically PRAEHIEY Biiude 8Etth cappeifas conpeetpbioghe @tiveterdimela.  sour ces nay be
used. As nentioned above, the controller may be an MCU, or other

appropri atfg%g?hgﬁtg%{l circuit, adapted to provide data for nodul ating the

recei ved s § wrminalaudhbe eupled te Srerfirstispyy wigk fitat thevfesli soondihodizdés a
comunil § at foaRB ingettéretndie HRBleNo fhe aﬁ‘féﬁxﬁlvﬁsassi&@é%%iﬁgéi}cﬁﬂ.s system the
systemincluding an interrogator adapted to generate signal, the device
bei ng adapted to conmunicate with the interrogator via the signal, the

devi ce i ncThiskoaier ma) fuf e BMNEsifhink @8k ofibolelh ShANPin 3k b By of e
rectifier Coéﬁllaﬂe'i to the antenna tq réceive the si ta , The rece vey si-gnal
' 3&‘15}} 9

having a 78 (FaPacHersy e F1itehinge piepih eiagiadpied te oonot thommdaltisreatae one
of : received signal in accordance with a modulating signal received from a controller.
20 A
In this case, the controller can be adapted to receive data and modulate the received signal in
accordance with received data. The data is typically received from a data store, although other data
o sources may be used. As mentioned above, the controller may be an MCU, or other’appropriate
digital circuit, adapted to provide data for modulating the received signal,
25

In a second broad form the present invention provides a communications device for use in a
wireless communications system, the system including an interrogator adapted to generate a signal,
the device being adapted to communicate with the interrogator via the signal, the device including;
a) Anantenna for receiving the signal;
X 30 _ b) A rectifier coupled to the antenna to receive the signal, the received signal ‘having a
magnitude Vp, the rectifier being adapted to perform at lease one of:
i) Rectify the signal to generate a power supply signal, the power supply signal having a
magnitude of at least 3Vp; and,

ii) Demodulate the signal to generate a demodulated signal, the demodulated signal having
35 a magnitude of at least 3Vp.

In this ease, the rectifier can be further adapted to modulate the received signal.



i) Rectify the signal to generate a power supply signal, thep ﬁ s%qﬂ

si gnal havi ng& 0&3@&@%\5{ ude of at least 3Vp; and, ii) Dem)dul ate t he gnal
to generate a 4& ed signal, the denodul ated signal haVCh§G2EB/080122
magni tude of at least 3Vp. In this case,~-lthe rectifier can be further
adapted to nodul ate the received signal. 1 1 MAY 2005 WO 2004/ 001939

PCT/ SG2002/ 000122 -10 The comruni cati ons device nay therefore be a passive
or sem passive RFID Tag. AIthough the comuni cati ons device may al so be
anot her fo,@of conmyni catlons d 5 The rectifier is preferably a
rectifier actOPUPHYCEE™ AT4S Pt Eﬁe 5f'db6f HPITFIBE Of ol PasvA RESR TaghAlth@ghthe
si gnal r ef epsminficgtionb@dvideRgyGdiibe @hotEdr G of bminiGcRaVAtRed Si gnal
dependi ng on whether the comrunications device is in receiving or

transm ssi on node. 10 Brief Description of the Drawi ngs An exanple of the
present 3 nviaBtdcfierié brefeR®IY DRcERS GEdo WhHelTirét SR 8GR LPBLGE COMPanyi ng
drawi ngs, in which: Figure 1 is a block diagramof a first exanpl e of a
passive transponder; 15 Figure 2 is'a block diagram of a second exanpl e of
a passive tThansReRearefefsitgWiiRr thel cirrRPsi

the antenna in thfegdm rcult of Figure 1@&%@%5?12%1&'@?&?%1ﬁ%ﬁﬂ&{%bﬂ‘?ﬂ‘[ﬁ%‘}tﬂy
wavef or m g&REPEPEHions devIfs iBdecHG & garpiicaredeof Figure 1 Figure 5 is
an exanpl e of the waveform generated by the rectifier power supply of

Fi gure ]](h Figure 6 is an exanple of the waveform of backscatter nodul ated
si gnal ;100 B g?P%‘“PR"i‘gf@eﬂrﬁg’tncéxarrpl e of a rectifier according to the
present i nvendxh@ble dfiteHFRsehABidventRn v@ﬁ%ﬂl@e kerdthe ﬁﬂ%%@eé@@{o i LGk %;ngt he
circuit of Fi %lljre 7A.for positive half cycles; Figure an - exanple Sof
the equi val9E¥nesi pAlidh of the circuit of Figure 7A for negative half
cycles; Figure 7D is an exanple of the waveformgenerated at the first
term naI of_.t he reﬁoa{(l er of F ure 25 7A; Figure 8A is a second exanple
of a recti figdfe Lige H’@g‘%’“{fﬁ ﬁPé@@ﬁoﬁWéﬁh‘{qt@ﬁSPOFﬂ@we 8B is an exanpl e

of the MavEigrdn ©b blIR ddPrat] FARGHNS EBRPle It phiifeWehibidgr Of Figure 8A
Figure SC is an exa | e_of the wavefor meof tp he eowﬁgpg{‘;rrped signal in the

rectifier OGS 4isAR cEAPle ofithy RIE signel indueed by thegnispenip the cicuisof Bgure 15 er
accor di ng FautdEis i e6eMle dMNERMeRRN ]g%rd%écgﬂfr tRe ABtdIdoAdinfoN R0} & P? durd 1€

equivalent circuit of the circuif o uré 9A for positive cyCl es;
and, Fi guf8gC ¥ & giRmplehithevseionege A by thgrectifier poiver supply b@l@qw tuit of

Figure 9A fFipurenrigai eaphadfitheC¥HleRSm of backscatter modulated signal;

20  Figure 7A is a first example of a rectifier according to the present invention;

Figure 7B is an example of the equivalent circuit of the circuit of Figure 7A for positive half cycles;
Figure 7C is an example of the equivalent circuit of the circuit of Fi gure 7A for negative half
cycles;
Figure 7D is an example of the waveform generated at the first terminal of the rectifier of Figure
25 T7A;
Figure 8A is a second example of a rectifier according to the present invention;
Figure 8B is an example of the waveform of the up-clamped signal in the rectifier of Figure 8A;
Figure 8C is an example of the waveform of the down-clamped signal in the rectifier of Figure 8A;
Figure 9A is a third example of a rectifier according to the present invention;
30 Figure 9B is an example of the equivalent circuit of the circuit of Figure 9A for positive half cycles;
and,

Figure 9C is an exanple of the equivalent circuit of the cirenit of Figure 9A for negative half eycles.

Detaiied Description of the Preferred Embodimenis

35  Anexample of a rectifier according to the present invention will now be deseribed with reference to
Figure 7A.



Det ai |l ed Description of the Preferred Enbodi nents 35 An exanpl$ @Aﬁn
rectifi.er 3&8%& 8'8 g the present invention wll now be descrl be 2&35
reference t d E3%A 1 1 mAY 2005 WO 2004/ 001939 PCT/ SELEGE20000222 - 11
As shown in Figure 7A, the rectifier shebh-generally at 100 is coupled to
an antenna port 101 via a matching network 102. The rectifier includes
first and second input termnals 121, 126 that are coupled to respective

out put t erAs shelva uof«*lgturaemmeemﬂmr shoté lgbﬁeralmt §drmvseu b 16 B S GRR DG YRk 2N,
the second |n ut ter{g]cﬂ% 126 ts as the ground gT he rectifier also

i ncl udes fl?lart%]F BRYveE rﬁﬂf ief Belidpniist 1@3530%@4@%‘?@%31%12115 &26:baf ate be
coupl ed t aoapibs QOeSIRELV! duGtt teiMingle BEME nRELAM ckB&t, 308 0kh! %fﬁ?secoﬁﬁ%u&!&ﬁm the
p

rectifier. It will be appreciated fromthe abové, that ese outputs’ are
t heref ore Sﬁ%%&l”ﬂi}“??&ﬂ‘&ﬁ 6apts ahthieoindr the |ike. 10 -1n any event, the
rectifigr is formed from A first clanping circuit including a first
capaci tor ,éél c%upl d to the_first input termnal 121, and a first

t er m nal reciiier 2lsp; inglpdes; Fateand 139cqpa\ QUi dereinelso 3. L34, rell icewphedd be

the first coﬁﬁéd[ﬁdﬁbse&@%t anshitANde ?&ﬂﬂ% &%ﬂp@ﬁhc ﬁé&%@'ﬂﬁ%&@lﬂt r}?wﬁﬁ&%?ﬁjrf}igt%jt

term nal ofg Afir eak rectifier including a second capacit
coupl ed t ‘{nﬁ@eﬁp?@tt s& QBipH 2§ thepefpre usmlly spynleddp en MERJ, on e lilsmd a second
di ode 112 having a cathode term nal coupled to the first output termnal
123 anﬂ an anode termnal cqupled to the first termnal 122; A second
cl anpi Ky P FBLTYER, HErerdfiss forord Femcapaci tor 114 coupl ed to the second
i nput terng nal i e 11

al ﬁrstlfﬁﬁ'nplﬁ@ glr&utslﬁﬁﬁ)c{h% i ﬁfs%zgﬁlu Ql'%%l c?d%i’egﬁo ‘ﬂﬁ f{rgc u? %ﬁ&nnapgl an

havi ng a cat hode termnal cou rst fermna
anode ter m natd g Huptemina 1333@% é(flé;ﬁdhqderldﬁ rhavma%athaiectenrﬁmal chudetonte fisak

rectifier ingughnegothe aﬁ%@@@nﬁﬁ&%@%ﬁl@& %o]tﬂgseﬁ&lgmgjglgteﬁlggﬂﬁﬁ irst and

second output termnals , 124 an havi ng a cat hode
term nal Coupl at pesk perdifiesineludins e seavnd sbpatd® 14/ doeplechtodbkefitse pmi seadndamtipk ed

to theysecong Qb lﬁB tl@ﬁ ghdp@éec oderl 1% ﬁ&l‘%{ﬁ%ﬂgﬁe ?eh'%ﬂgl d:oéli/leé tggﬁj% é{rgco é?ﬂgﬁlgﬁ na

conbined carrier and th ating si
i nduces an a‘Feflélﬂﬁ]alt%rﬁgd%#@é@‘@nmhdtcoulﬁecaqgrﬂlﬂfgdttt:mumdﬁém‘ect| fier 100 through

th t 101 fi t

oot/ 11 or o 3Rl R0 IR il 0L ORI B 1ebtefind il e

or anplit udelgia) pmd)«’x'ﬁqmdeﬂelfminﬂrlé% apd mﬂsrda?sodeaﬂghaxam 4 bethode akminlodouplg® todthe
litud f t 101.

T e

in which this is aC|eve ’Fi gur es
7B and?07Ce  Arsepandt sk reptifier nchiling tllmeseaplpT aa‘pacatoele leaupleistotthe fsst @hdkecond

supplied to [Malel l.s; 1 i Si nus a , . the
response of {) tr%gl#lltmfl% zﬁrjnv&afillaﬁd a‘f?f et %Z%"ﬁhap i f’@fé(’%ﬁﬁﬁm?fgg §ovRed R dhs
cycl es. second terminal 125 and an anode terrmnal coupled to the second output terminal 124,

In use, the RF signal (formed from the combined carrier and the RF modulating signals) received by

25  the antenna induces an alternating voltage that is applied to the rectifier 100 through the port 101
and the matching network 102. This configuration allows the rectifier to provide power supply or
demodulated signals having a voltage or amplitude approximately three times as large as the peak
voltage or amplitude of the RF signal induced at the antenna port 101.

30  The manner in which this is achieved will now be described with reference to Figures 7B and 7C.
In particular, it will be appreciated that as the signal supplied to the input terminals 121, 126 is a
sinusoidal signal, the response of the rectifier will differ between positive and negative half cycles.
Accordingly, the response of the rectifier in positive and negative half cyeles will be deseribed with
reference to the equivalent circuiis shown in Figures 7B and 7C respectively.

35
As shown in Figure 7B, in positive half cycles, the current flows through a loop formed from the
first capacitor 111, the second diode 112, the second capacitor 117, the fourth diode 116 and the



Accordingly, the response of the rectifier in positive and neéa?i'%Y r?aﬂﬂﬁ
cycles wll %gﬁ,g@@gp@d with reference to the equivalent circuits shown
in Figures 7B an respectively. 35 As shown in Figure 7BPaIsGIoeitmiree
hal f cycles, the current flows through a-lldep formed fromthe first

capacitor 111, the second diode 112, the second capacitor 117, the fourth
di ode 116 and the 11 MAY 2005 WD 2004/ 001939 PCT/ SG2002/ 000122 -12 third

capaci t or 1hiad capacitpn 4. alstepntiast, inegaitive @alfl oy les e bifont 1 EREEA Dl foops
through twoy -].no fo dre ively fromthe thiFd capacito
114, and thgﬂﬁdﬁjﬁ d’%!é?‘lgg'e&i%l?e téﬁ% "?H‘i‘%lﬁgﬁﬁ%tan iRscteird dmde A anhéheffirstatiode 113
capaci t or idnfl thesfgstzhpasiton 1 1Fisghowen A@igdre7¢ hi s exanpl e, the signal generated
at the input termnals 121, 126 has a nmagnitude of Vp volts. Wth the

i nput 126 form ng the ground this nmeans that during positive half cycles

the inpui 12 ihis veaphe theaighardendtall 308 Sputnipd %ﬂég{qehés el EREPDE 3Py

m ni mum peagk.vaolta f -Vp dyring _negative es.

during theq&};ﬂé%‘:’l gﬁﬁgpfﬁ’ (o) g'»g,grqqaié tpip mugpnschhairdiring positieubdf glRIfR Hhe 121
negative peedchest ®peadoithgd SOFYEWMIAL inkbad ming the forward voltage of
the first digfgi%&,ﬁéﬁc)i{cf?éow’ calﬁsi ng trllnép%f feégﬁéélcapagﬁ]ﬂ ca f\é\ﬁ?gt? 0%55}8 ng

char ged to'¥ i nput termnal 121 reaches the m ni mum vol t age
-Vp. In positive half cycles, the voltage at the input term nal 121
increaSﬁ)s to V) ich raises the voltage at the first termnal 122 to

oVp. 15 hs Abeodinghy during dhe Regaifealf grsktes tha fist clmnipe direwt demne oldstiva el Ae

posi tive poxk# theGedWinl a2 {Bfinfih ] . . exanpl f the voltage
wavef or m gener e . difd forﬁ%ﬁbql% o?éésfﬁ%v@m(}%f’ﬁ@ﬁﬁ (CBusHg the firs |,

%teﬂéat the first term na
response t SRPRITY Wk EtesPHF changedie #¥p whemthe input fofriieal 128 ctablis el tubBNRYERESE M

gener at ed aWpt iepdsitve half b1 Mak. a i |.t.age. of i tude 2Vp
(as conpare ptgep So ndé1 afﬁnthe Oﬂ%%ﬁﬁ‘?%gﬁiﬁg@&ﬁ%f%ﬁggggoggp,g‘%gq%éﬁxﬁ?sﬁ]@e
and peak r &2 a\gFiageltE’eg’st rEel 13388 2¥R to further increase the output voltage.

25 Durildg negative half cycles, the second clanping circuit clanps the
second termn nal itz to -, E As a result, the third capacitor 114 becones
char ged t oV "t% s%‘ﬁ'ﬂ'lﬁ%ﬂ’f’ BERS ARetainDed fa Zege vadts anfh éhe tiokitivel pebko the2 VisL theSFEN)

when the i fepuinal B AmAdxadle JTARGRE Sz AR RAEI Ak - \Vp. the
vol t age at }heﬂjt put term nal 124%ewhi ch alﬁs%yaﬁ%cfaﬁrs%ﬁ%ttﬁfﬂgﬁlgﬁz&rsgﬁ‘%lm
Vss) is clgﬁﬁrg ‘0 30 the voltage of the term nal 125 by the fourth di ode

116, the digital ground Vss at the output termnal 124 is clanped to -Vp

conpar to the anal pgue ound at the input 126, during positive half
%9 B response to thie wavetorm, the first peak rec’u%er rectifies the waveform generated at the first

terminal 122 to generate a voltage of magnitude 2Vp (as compared to ground) at the ouiput ferminal
123.

The second clamping and peak rectifier circuits operate to further increase the output voltage.

25 During negative half cycles, the second clamping circuit clamps the second terminal 125 to —Vp.
As a result, the third capacitor 114 becomes charged to Vp (assuming the forward voitage of the
third diode 115 is 0V) when the input terminal 121 reaches the negative peak of -Vp.

As the voltage at the output terminal 124 (which also forms the digital ground Vss) is clamped to
30 the voltage of the terminal 125 by the fourth diode 116, the digital ground Vss at the output terminal

124 1is clamped to -Vp compared to the analogue ground at the input 126, during positive half
cycles.

As a result, the voliage across the second capacitor 117 is 3Vp, allowing the rectifier to provide a
35 modulated signal or power supply signal to subsequent digital circuits, via the output terminals 123
124. This is achieved by careful design of a time constant determined by the capacitance of the

second capacitor 117, and the load of the subsequent digital circuit. Thus by selecting a suitable
2 &



cycles. As a result, the voltage across the second capacitor 11¥ i HA%\/E{IUS
al | owi ng the\Béé ‘Er(lfl er to provide a 35 nodul ated signal or power supply
signal to su ﬁ CIREAT gital circuits, via the output termMHIIGUER00124.
This is achieved by careful design of a-tldre constant determ ned by the
capaci tance of the second capacitor 117, and the |oad of the subsequent
digital circuit. Thus, by selecting a suitable 11 MAY 2005 WD 2004/ 001939

PCT/ SG20024i2@8QbR%ant, 1Bis raum ﬂi@ @gﬁea REnerdtBd 8 (R buMis ohe u'éécgmhe Q&Eb%ﬁﬁ{eﬁq gﬁ£1
t he out put dul ated signal (as shown for ’I

% ﬁ%be used
Figure 4). ‘15 for exgmp ’P i—%fec nS AT H&W@?@&@@@Whaﬁa@h@a@@p pmbd@tfﬂtehe

derpdul at edeﬁib@wd dignabRlseledial thel@uPHERYbanSedR ascﬂ%ﬁpogi%r ﬁ%ﬁﬂo 12 Bihal @g }{%he r

supply si g for exanple in Figure 5). Furt
output sig %ﬂe" ealhﬁoiﬁ‘ﬂﬁﬁ)cude of 3Vp, the rectifier effectlvely triples the

voltage5 of the received signal. Accordingly, the rectifier shown in Figure

7 effecti VE% roves the  performance and hence the operating range of a
tag i ncor pof ]i‘ei“?qgretaﬁlﬂée‘?“%‘f?lﬁaé}ﬂaslaﬁ%%%@tjk@f 3¥p,3hq rogtifigr ¢ffectivaly triplee the vilage

Fur t her nor ef itch@cdiaat $1Fﬂa@r MRborfihgN! e AERP PG SEFiLRT7 2R CflfVEl rovgs 81[
recei ved carr.ier mgﬁlg, with t mat chi ng net wor eterm ne eoeralng

frequenci eR°rERRRY&PY hesisn thrioas: ﬁm}gﬁal?@@tf é ftqgs}{lq%@,olatmg\éln@mqmﬁ@ linysteadhpfr mr iaett €
desi gn of tdeafigrat chi ng network can make transceiver circuit well matched
to the antenna port over a single or range of frequency bands. 15 A further
benefi t't-hat can be i npl emented in mcrowave frequency conmunications. is

t he use of Fuﬂfﬂeﬁﬁ&‘é’aﬂi@ reegingt Sf‘ﬁ{gﬂé @ﬂec%n pbakedn@y ﬁi}afréqg%c Qe elq'et?/ g.':lmtlgigse 3

resi stance g hel p .reduce wasted wer. 20 A seco |er
accor di ng P8 fgdnishiegpetwork deipmt %\qufaﬁﬁé\’ﬁvewnei@wﬂltmamﬂwﬂth citmbﬁe:muce to

Fi gure 8A. Absr&h@WhphldBrift€adsighio® the SN IERRIEL I YnaBL tr%’%?l kibed cﬁ‘ Iezl?m%%g n

ant enna pO{t 201 via two matching networks 202, 203 e rec

theref ore BT #teQe powh oy p Faels er RgR AL fegvawryibands. al t hough two 25 of the

i nput @&rmnals are conbined at 234 to forma comon ground connection. The
rectifier eﬁ}}eref o%eg. effectively includes three input termnals 231, 234,
237 that af*dUsE PR it Fasisaimplepiented j pirrevayr fronvenan pohimgoationTisitiesuL @2,

203, as shewowalb@cERayididdes tha 1B9e b 'ﬁg'%%dfv' {
termnals 233, 235, wh?ch in use would be 8[%%&%@%3& é;%bﬁs%g”%ﬁcfewamd

circuitry B¥&nding on the specific use of the rectifier. It WI|| be
appreci at ed

20 A second example of a rectifier according to the present invention will now be described with

reference to Figure 8A.,

As shown the rectifier shown generally at 200 is coupled to an antenna port 201 via two matching
networks 202, 203. The rectifier 200 therefore includes two pairs of input terminals, although two

25  of the input-terminals are combined at 234 to form 2 common ground connection. The rectifier
therefore effectively includes three input terminals 231, 234, 237 that are coupled to respective
outputs of the matching circuits 202, 203, as shown.

The rectifier also includes first and second output terminals 233, 235, which in use would be
X 30 coupled to subsequent circuitry depending on the specific use of the rectifier. It will be appreciated

from the above, that these outputs are therefore usually coupled to an MCU, or the like.

In any event, the rectifier is formed from;
* A first clamping circuit including a first capacitor 211 coupled to the first input terminal 231,

35 and a first terminal 232, and a first diode 213 having a cathode terminal coupled to the first

terminal 232 and an anode terminal coupled to the second input terminal 234;



fromthe above, that these outputs are therefore usually coupl ed2 NAY 2UH{?CLJ,
or the Like. @& 26860 ]f%ggnt the rectifier is formed from A first clanping
circuit including a Tirst capacitor 211 coupled to the firsttCIfisizoozoeene nal
231, 35 and a first termnal 232, and a-fi#rst diode 213 having a cat hode -
termnal coupled to the first terminal 232 and an anode terninal coupl ed
to the second input term nal 234; 11 MAY 2005 WO 2004/ 001939
PCT/ SG2002/ 00 Bkt peat reoﬁﬁérl ihaltdife @ kedofE tdphdif 2
214 coupled tq é%% fi r tgut]ﬁ%erm nal p23 !4‘5& Phe%gtehggﬁgcﬁﬁ)g {mggajzéﬁd
a second di odé" S?lcge 3 éfl‘n%f'é:o@%‘ihﬁilerﬁlz h@ﬁu&ﬂe@hcncb tertnénaf toupted twilit itk
term nal 233 aﬁﬂu’&&*xﬁﬁﬂd% dr@laliaRdte 1GRERA @dilpfeﬁ td ﬁi@ f Ht Ee%mtaleﬁ@ nal 232, A
second clan?@gmrc |nclud|nglath|rd capacit GUpl ed to the
second i npu SRR ampingoyeuit g dﬁlgﬁébm@hp@@tonﬂfattouﬁm& fo ﬁadecand hpiitderdhide
217 havihg an2anQde k&b R I term na

g a4 ﬁinnﬂ%@ £d ra}t Jﬁ’ir& B6de 51 @I%%{;'igafm %{}?Eg Fcoﬂp@%whﬂ

cat hode term nal éoupl ed to the seco I nput term
peak rectifi ef*PH TSHEI‘P?'}&%%W}%M@@HB@&&C@HPIM® tb&)&@pdrﬂdnﬁ:@tdnlﬂﬁamﬂoﬂﬁ i nput

termnal 234 aaqdodd Q%@Qf‘]&l ,t and.a fourth dj ode 216
having a cathode te?‘)r%nanal h’%ﬁ élé%rn 8 SRURIF e the asgondd ap ermpnshe
terminal coupP& a‘%ﬂlerﬁéc@é@@mt tmmpralt 235eumi ® @urth loR3B6 HaRingSeeathdde t&hinal
signal recei vesi¥ i BE seRLERARML | ternating vol ta e that is
applied to the p!r[%.)eﬂctl fier @w: %Eéﬁéﬁ%og '?8 ﬂedl éﬂ?tﬂ‘&tennmal
net wor k]sOQOZ 2303. In this case, one termnal of the antenna port is used
to feed the termnals of the nmatching networks 202, 203 that formthe 15
common ground connection 234, with the other term nal 238 of the port
feedi ng t hd? 8t die RIn pignal respived hﬁethmmtmangdms nmall@nahag vsmigwrﬂhat Tipplied to the
confi gur at irgutifiad 3WEroh MRS 4y [ VI p . or denodul at ed
signal s having a vol toaég}gt E&{arg}:} aﬁﬁtﬁégmg‘bh%“ oXI ?fog E“%“?sﬁé%e:a%etﬁ'&?@éo%s
the peak V¥ tHgwa pertdnpsadttodecdohe términRls o] t@maiatchﬂﬂg werhriat 2020 20RLERAR tROT t

201, asjswi | bmﬂlgwg{;)ﬁn&i ase of the rectifier of
Figure 7A, “the si gnal g";"gﬁdﬁguﬁgm %ch%ﬁ@btﬂer t&%m%a ? %’T%]?fé[ﬁ%p% edm% g othonippytg ofy

si nusoi dal % HHehing aefworks @s sliivmg | Thix Mﬁmsqmmﬁbw@thetrh@lﬂeefbtprth@é potbek kupply

di ffer bet WpadnodAbidligifls M NPARLLYS NBLEYEL S8 osi{1Vve hall
cycles, the current flows throug %i\: % SRSSRFRY dJB"Ft s 2§ ems ap thg peak
Thus, 25 C0kaseAt ampligs of fe Rlgtienal Ihdlroslﬁaqibmrttemeladamml dsarlraewbe asdng, first
capacitor 211, the first termnal 232, the second di ode 212, the second

capaci t.ar 214 and the second input termnal 234. The current also flow
t hr ought®t h Aeaiacesig throwse pi/ibe restifiert difigate 7A ot lsigaaltshppﬂﬂd G@ﬂﬁqhﬁtﬁ termihals 28

third di odeif£bi7 ian 234 ring
negative hal f cyél egmhgfbﬁdgﬁggﬁ?garﬁdn#%d&&?hr Dugh Ontgfhgf 85?) %ﬁgﬁﬁg‘ﬁ? ?Wﬁeﬂ
das hed | i nBesitivgpnd negative half cycles.

During positive half cycles, the current flows through the loops shown in dotted lines 240. Thus,
25  current flows through a first positive loop formed from the first capacitor 211, the first terminal 232,
the second diode 212, the second capaciior 214, and the second input terminal 234. The current

also flow through the second positive Ioop formed from the third capacitor 215, the third diode 217
and the second input terminal 234, as shown.

30 During negative half cycles, the current flows through the loops shown by the dashed lines 241.
The first negative loop includes the first diode 213, the first capacitor 211, and the first input

terminal 231. The second negative loop includes the fourth capacitor 218, the fourth diode 216, the
third capacitor 2153, and the third input terminal 237.

35 In this example, the signal generated at the input terminals 231, 234, 237 has a magnitude of TVp
volts. With the second input terminal 234 forming the ground this means that during positive half



The first negative loop includes the first diode 213, the fi r‘|siI mé\ﬁa@iﬁﬁor
211, and the_first ut termnal 231. The second negative | oop includes
the fourth ?qgazew 3§ the fourth diode 216, the third REEHEI00000D25,
and the third input termnal 237. 35 In-tlhi-s exanpl e, the signal generated
at the input termnals 231, 234, 237 has a magnitude of Vp volts. Wth the
second input termnal 234 form ng the ground this neans that during

t haydleslthe MivGis? / /
a0, 32 el 1

reachi ng a™HPHPRIH Yiase forvPsyensheetivedaticilesnegat i ve hal f cycl es.

Accordi ngly, during the negative half cycles, the first clanping circuit
cl anps the negative peaks to 5 OV at the termnal 232 (assum ng the
forward volFragengy: quﬁ‘ég themegatiyp balkoypies. thefimkglampiagieion ctamps fiemsgativegraks hor

211 to BBecowe:ekasged] 12 (ﬁééﬁnﬂﬂ@% ﬁ)h@ara DRkbe OB f*ﬁﬁ&@&émﬁo{?}h Béufs'}in %‘P lage

-Vp. In positive half cycles, tevotaeatteln ¢7'eas
Vp, which Fahaeiy 2ihio %ﬁr%‘a)@rgaé to 1\ Whensthe inpety 33l m%ﬁlchegslx mmlrmv.’pyoltagé@m In

account t hgod@¥elrATey¥R, ﬁG'ﬁr@l CARAEbLOR ] Sk the. 1 'Ve
peaks are cl amfed t%c §a§e uﬂgos?twe ilea Otgﬁéw Hﬁﬁ%gﬁtﬁepha%?at Htnal

232. An ex%ﬁ‘i’ﬁ}l’él@fzt?%‘éps\%‘l“tge?é@ ihe voltage @ﬁellowt@phcavrllﬁe first term naI 232
is showmn in Figure SB. In response to this waveform the first peak
rectifi@r rectifjies the waveform generated at the first 15 termnal 232 to
gener atld -aAy gresalidheesivgmeaksate clypped e 0¥ @ntbﬁlr: pobitive pgrloundyp acthofst ﬁaﬂmenal

capaci tor 224 4An Thene6ond v&]'ta%ma oﬁ&{'g I%JI' ! A ARtk tglrmJﬁEH Zﬁ?llst s%o thﬁ-gt 0

further increase the output voltage ng positive

second cla§§1ng circuit clanps the second ternlnal 236 to OV (assunlng t he
forward voltage of the third diode 217 is 0OV). As a result, the third
capacitor 215 becones charged to Vp when the third i nput ternlnal 237
reaches t h& FERmsHP thl\'i/rwawrfﬁn%éa%ﬁisveeaikerpcmﬁetsﬁen@@ thhwavedirmagpeerated hhﬁe tfinst r d

i nput 18 MeRRinaPB7 6l k@RsHid Pvdita M@g&ﬁtﬁf& ardd16 Fﬁo&h@%gﬁgsg fﬁene %?amtor

second term nal 236 reaches -2 (taking 1 {0 account

across theZthird capacitor 25 215) As a result, the negative peaks are
cl anped to OV and the positive peaks to -2Vp at the second term nal 236.
An exanpl e_of the voltage waveformgenerated at the first termnal 232 is
shown in HEhgispend @émpms g Pk prbifigECicity oniemiada frthr increpdeshsmtmndolpeak
rectifier rectifies the waveformgenerated at the second termnal 236 to

generate a_vol tage of magnitude -2Vp (as conpared to ground) across the
“capaci @r Bying positive hall cycles, the second clamping circuit clamps the second terminal 236 to 0V

(assuming the forward voltage of the third diode 217 is 0V). As a result, the third capacitor 215
becomes charged to Vp when the third input terminal 237 reaches the pealk of +Vp. In negative half
cycles the voltage at the third input terminal 237 drops to its negative peak -Vp, the voltage at the

second terminal 236 reaches -2Vp (taking into account the voltage Vp, across the third capacitor
25  215).

As a result, the negative peaks are clamped to 0V and the positive peaks to -2Vp at the second
terminal 236. An example of the voltage waveform generated at the first terminal 232 is shown in
Figure 8C.

30
In response to this waveform, the second peak rectifier rectifies the waveform generated at the

second terminal 236 to generate a voltage of magnitude -2Vp (as compared to ground) across the

capacitor 218.

35  Accordingly, the potential at the output terminal 235 is —2Vp when compared to the analogue
ground at the second nput 234.



35 Accordingly, the potential at the output termnal 235 is - 2¥% )@%}1
conpared to y@zﬁgﬁﬁgﬁe ground at the second input 234. WO 2004 1

-16 11 MAY 200 002/ 000122 As a result, the voltage RETGEE04000122
out put termnals 233, 235 has a magnitude 16f- 4Vp, allowing the rectifier
to provide a nodul ated signal or power supply signal to subsequent digital
circuits, via the outputs 233, 235. 5 Afifth capacitor may optionally be
i ncl uded poéstirembdhbetltuge acrodeahootiipy tern@ll¥i2al B5233a m%?lﬁtudé‘?f 4#?%&%@ bR

fifth capac r.ef er hel ps define a tinme constant
circuit, ke}t‘%ﬁfler%& he 8’rd g a%’grsﬁn OT PRECTSHAY Pig Hotuhteguens digithlerironitspeis thei s

correct. Thutstputb%xé’ikctl ng a suitable time constant, determ ned by the
capaci tance of the fifth capacitor 219, and the | oad of the subsequent
digital circuit, this allows the signal generated at the out put s to be used

as the déerﬂLﬁfﬂ'.t caphcstmgmaj optﬂ:ﬁalﬂowi‘melhded ﬂosﬁoﬁéd%tv%ﬁ‘%ﬁ ?Jﬂm?f than
t he period &f de at ed SI IJF fel ected, the out put 'S gna cari
used as t he pone FApagy 06 pre Feblthelps defie a trpecongians fir tR3Srewi s klp ensure

0 be ge mébﬁfjm?fmﬁ%e‘%ﬁ?*m? e outohly 35 SHech) (AT, BIBREE o S B
of, Figure ntant’ ‘ig egtb fthep‘?aﬁg‘iﬂﬂp‘f?go f4heyafity ﬁ.’ltog dpdlapd ﬁiednai of the stsequent
derodul at eddlgitaj mﬁd:ultoﬂusfmms &h&b@gr@p@'n%teﬁ% fk %ué)u{s 't&rﬁéus%ﬁ 29ES g(?ul [Igﬁesgnﬁh o |

recei ve5103| g [.n addition, this the vol ghenerate
second and ?VF’h % I OBt aigh gﬁ@f dhen the B@IOdlﬁ d@me lated wighdl dgelected, the

references duyput sigeal bah IBUREEGURN 0wl SippB] sighfl CUi ts. Furthernore, by
connecting a switch (not shown) in paralleled with one of the second,

fourth or fifth capacitors 214, 218, 219, or directly between the output
terminals 2]331;13 23b, the hu@umﬂSGM@ldtZ@m By bESPELLENA LRI L chlergl% by wine apeek

sel ectively T ect the response of th€ rec
in turn ef ? e(’ft?%gp H?fcgeﬁ‘fratf"ij\%t PP fermmal 833r esul t, the oscil I ating

currentl} nduced in the antenna allows the incomng carrier signal received
by the antenna to be nodified. In particular, the change in the oscillating
current leads to variation in the nagnitude of the 30 el ectromagnetic

field and tHense,ciheisesifier ohgngees isa ihes [o¥e i
ant enna. TCE%I ?2 ?J o%a? t hat . gener ; atpgget h\éﬁgggi?ge?bg‘?gm‘% SJ@E& S\}%Fb‘:if % he
n-de

antenna ca fedssRpropmeisiydifimetets ghes the e urdtigngl v,

sel ectively opem ng and cl 03| ng the swtch allows the incomng carrier

si gnal 4 tiga I ; ?ccordance with digital data obtained froma
regi st er, r%rny ¢ }t?vé” PESP EPICHREkasEss e segonsl anskfowrfecaphditors 2IHj 218 akd alves
data to be bbluwdstﬁ esltagelrdfideiced fr bidgn biVsQuERIRAT cifclits, 35 @ "backscatter”
process.

Furthermore, by connecting a switch (not shown) in paralleled with one of the second, fourth or
fifth capacitors 214, 218, 219, or directly between the output terminals 233, 233, this allows the
25  respective capacitor to be selectively shorted. This will effect the response of the rectifier, which in
turn effects the load of the antenna. As a result, the oscillating current induced in the antenna

allows the incoming carrier signal received by the antenna to be modified.

In particular, the change in the oscillating current leads to variation in the magnitude of the
30  electromagnetic field and thus causes a change in the RF power radiated back from the antenna.
The interrogator that generates the carrier signal received by the antenna can detect this change iri
the radiated power. Accordingly, selectively opening and closing the switch allows the incoming
carrier signal to be modulated in accordance with digital data obtained from a register, a mMemory, a

digital processor or MCU, or the like. This allows data to be transferred back to the interrogator in
35  a"backscatter" process.

Placing the switch across the second or fourth capacitor 214, 218 rather than the £ifih capacitor 219




Placing the swtch across the second or fourth capacitor 214,'l H@Yrétﬂﬂ@r
t han t.he fi fhﬁ‘?apaci tor 219 1 1 MAY 2005 WD 2004/ 001939 PCT/ SG2002/ 000122
-17 will res GO $%w dept h of nodul ation simlar to thaPCsRgwe2i60122
Figure 6, thereby hel ping to reduce the-ppwer consunption of the circuit,
t hereby helping to further increase the operating range of the device. 5
Accordingly, the output of the second, fourth or fifth capacitors can be

used as denwitliutailtah a tat depBi of BB kiRt j ing poinis..ln this case,
by provi di nt%?/t he segond_gﬁ{do our t h&gg%g%ﬁ?g}%é\é@%ghﬁg%s rﬁbfﬁ%ll?"é%@ﬁ?ﬁce

f
capaci t ance™ v BY Va8 £OnHRpEonef thirgieherbit heipienpduiitcoinsreadahe @kfitihgrdage SRS
as .a referenee voltage, whilst the other is used to provide the
denodul ated data. 10-- Even if the capacitors 214, 218 have the sane
val ues, the different |oads for each capacitor lead to different diode

bi as f or5t hecchidirily, BROuSREONE: Qe 213 conpared.to_that. of third
and fourth di oolrﬁgtéy 217, &316. %A%Egga?’ﬁéﬂéf ﬁflﬂgcatpﬁ"?té’mc“g}ig‘? ussfl ¥ demodvlaied deth phg
net wor ks ar® odHlaHen gvitching porst chi thig casst tioplosidR@2he 208ndcai o chp®Gtors 214,
separ at el y 210 wia @ffereecabitghyde s 0l ircuits connected to the
outputs 233, 235 15 A third e%%’gmg?ﬁ%kr ectd ?l}?ee?apﬁcéteﬁpﬁgnglsttﬁ beyged as a

i nventi on i"SEERERWPIASE: Ihilth the cdhmr isTisedsto penvidefihesdemodulasd dath.ar to t he
rectifier shown in Figure 8A, and simlar reference nunerals (increased by °
100) arﬁoe ﬁed,for simlar conponents. 20 The operation of the circuit wll
not be descrPhddhy fpariior 414, Hodevethe sime wiliick, thediffpnsieidtiatkataibadilr 1chd s
exanpl e, t kigrrer @R Giolik Bfas fon it : r upled to.a single
matching cifcuit, wt h {Oﬁgﬁ ?ﬁ%ﬁ%séec%ﬁém%ggl%a@?r%gﬁ o hyedithied angdourth
shown. The %Y ¢AT.eH6- cAeeaitinglys Hotis case,héifforset atiching Gletidies &b "18liited Mhe
posi tive amghtop@@ahdrvehabd, SoiChes in Eigures 9B and 9C
respectivel y. gg;m this it %MOB| Ibﬁb%@gg%? églfaazf%eiﬁq? r?éatmhda’t"i RGN digitph cingeits
hal f cycl eSO eHEd 1o the putpytsash 23 circuit, formed fromthe first capacitor
311 andi& he first diode 313, clanps the negative peaks to OV at the first
term nal 322q1%§ssurﬁ ng . the forward voltage of the first diode 213 is OV).
Thi s cause ckaRle ofn pratifierpecading tothb aventipng shiayedintFRguky/PA WTAR b RPUL

331 reachemikh® the RicHHE K A0B i yYRA jtive half cycles, the voltage
at the input d%21.i_ncr eases to 30°Vp, X |cﬁrgﬁéearirgfeé?n?%%“@?ﬁﬁé’é‘éﬁaéﬁfdl%]é’o? pest
term nal 33FC{Y SHYLT compengisaccount the voltage Vp across capacitor 311.

As a result, the negative peaks are clanped to OV and the positive peaks to

2Vp at 2bheTLi rst term nal 332. 35
¢ operation of the circuit will not be deseribed in detail. However, it will be appreciated that in

this example, the rectifier inputs 331, 334, 337 are coupled to a single matching circuit, with the
inputs 331, 337 being coupled together as shown.

The equivalent circuits showing the operation of the circuit in positive and negative half cycles are
25  shown in Figures 9B and 9C respectively. From this it will be appreciated that during the negative
half cycles, the first clamping circuit, formed from the first capacitor 311 and the first diode 313
clamps the negative peaks to 0V at the first terminal 332 (assuming the forward voltage of the ﬁrs;
diode 213 is OV). This causes the first capacitor 311 to become charged to +Vp when the input 331
reaches the minimum voktage ~Vp. In positive half cycles, the voltage at the input 321 increases to

30  Vp, which raises the voltage at the first terminal 332 to 2Vp, taking account the voltage Vp across
capacitor 311,

As aresult, the negative peaks are clamped to 0V and the positive peaks to 2Vp at the first terminal
332.

35

Similarly, during positive haif cycles, the second clamping circuit, formed from the third capacitor

315 and the third diode 317, clamps the second terminal 336 to 0V (assuming the forward voltage




Simlarly, during positive half cycles, the second clanmping cir, _g@g f or med
fromthe thl%&%@ h1or 315 and the third diode 317, clanps th e Aidh
termnal 336t 9‘%3 sumng the forward voltage WO 2004/ 00ROBSG200280aL2 MAY
2005 PCT/ S&2002/ 000122 of the third diodel&17 is OV). As a result, the
third capacitor 315 becones charged to Vp when the third input term' nal
337 reaches the peak of +Vp. In negative half cycles the voltage at the

third inpuf thcenird d[iacle B3 Ts 0vRRSs 4 Rsill, TheNBEBSpY 0PSB oeriRes cﬁﬂglﬁecyigl tr;
t he second t.erm nal aches -2\!‘£ taking into account the vol tage ,

across t he T} PR (?t% regqligy thecpeals oh+Vs It RegetiYechatfesyales the vpkinek st e ghird
cl anped to u@dt &.ﬁdmhlf'@ TRRSHst th V@ nB@Aks Ré& R ViRe QBltath %tl ﬁ?%g&ggd ltef'ngr[n[m %reg’c%gs

Accordi ngly {1 si.gnal output for_t t%lta clr

out put t er i YixitEdnggato a f poltagp Vacageosy ﬁﬁgﬁfﬂicﬁmeoroﬂSMVp (i.e. four tines
as larges as input signal). In each of the above exanple, it wll be

appr eci at egﬁt hat tgl} di odes are non-linear conponents, whose non-I|inear
char act er i €Fi3%&sh %atlved??éksv\ﬁﬁ' clagmer &t IV isng theappgitiva Heaks de 23 a¥rise edbond

i npedance reihimacixwd in the current versus voltage characteristic chart of
t he di ode The non-linear effects of the diodes make it difficult to match
the i npedance of the rectifier accurately. In general, when the forward
vol tage Of MRcHERGS, ihe S@Hﬁldu@Gk&% &1Qta%clﬁtkh% lg@?ocﬁle g{ltpﬁﬂgrm 1%1%5&3' E'%a bty
is mni and can_be ignore However, the re ponse dio

differe %ﬁ‘@ﬁ%nﬁmaﬁplﬁif‘ag@ahma%#é?fgwﬁalnputexgeﬂked bi ased. In
particular, for a input voltage Vi(t), and output voltage Vo(t) and a

di ode forward vol tage (voltage across the di ode when forward biased) vd(t),
the rel atitbfshigs ﬂl!fe%%‘eﬁ”t e \ibPilhbre aprreriaiek thatetie djodehere aqudineapnempdfepts) =
Vi(t) - Vd@&lbse%njhﬂeggﬁarm&;s)mggapmtrat es a non-linear response to Vi(t),
and for positive half cycles, the forward voltage Vd(t) is generally so
smal | that?® \Rreﬂaymmﬁue\{wtsmmver one-way conducti vi ty sti Il exists.
Accordimgl y, r

hat one-uy "aatihe BFinbe e TN AT e dbeeh e iE B R oittale PR hofo it i | o
the forward voltage Vvd(t) wll depend on the voltages in the input

term nal s 0 of ther ifie

i nput shoul%gelgg&?@eareggg%e ogrnrarﬁfecﬁ%%éstoﬂthe d%tti?uﬁ F(P m??ﬁ(%ﬁe g%‘? Feccﬂfi?r
However as2icHtalria ganved. wlienttheforwesd véliage ofraéloée ik Bmﬂh(’cld‘seﬁjﬂbf)sl&, mipﬁl@ bﬁﬂfy
the mat Chh&gh&[dlrlﬁ% %ﬂlﬂﬁeﬂﬁ@&ﬁbé g4 hb\n&i%r the 1Q§p%nsaeco AdiSde' 18 BiFtece erent when

mat chi nz% over all
forward b1ased rather than reversed biased. In particular, for a input voltage Vi(t), and output

voltage Vo(t) and a diode forward voltage (voltage across the diode when forward biased) vd(t), the
relationship between the voltages is defined by the equations;

Vo(t) = Vi(t) — Vd(©)

25 Inuse Vd(t) demonstrates a non-linear response to Vi(t), and for positive half cycles, the forward

voltage Vd(t) is generally so small that;
Vo(t) = Vi(t)

However, one-way conductivity still exists. Accordingly, it is only when synunetry is introduces
30 into the circuit that one-way conductivity can be eliminated, In practice, the variation in the
forward voltage Vd(t) will depend on the voltages in the input terminals 121, 126. Thus
theoretically, the impedance of the rectifier input should be impedance matched to the output of the
matching circuit. However as the impedance of the rectifier has a linear response, whereas the

matching circuit impedance is non-linear, this accurate impedance matching over all voltages is not

35 possible.

Accordingly, in order to overcome this, the matching circuits in the examples described above




35 possible. Accordingly, in order to overcone this, the matchlfg circuits
inthe exan'p"l,v?)hz 9§@cr| bed above WD 2004/ 001939 -19 natch to thd AMA%RGI05
i mpedance of & Y®&Pfier. 11 MAY 2005 PCT/ SG2002/ 000122 AEusEiweromeint
is that, in the frequency domain, diodes-1}{|l tend to generate harnonics
for the characteristics of its one way conductivity: Accordingly, nost of
the energy contained in the 5 harnonic will be wasted if the circuits

mat ch at t meatdiun deeeadgd infped@uesle rebtifid-her nore, a proportion of any

har nmoni ¢ conponents produced will be coupled to antenna, allowing themto
be radi ated outward as RF signals. However, these signals often fall

outsi de theA ftpthEr ﬁqﬁﬁ){fl@\tﬁﬂ S Fie Ghrisin | nt erf

with ot her % evices. As ?ﬁgwllo - %c%l%nﬁqggﬁeg%ggn 108&7%?95%{1%
t hese freqUéHt %%S ‘5&8 Ef§t?é‘FI"§Fyv°é’i“§/“°I“6W wapeilltgé)h sk ©f dist @ierzy appimedah the
t he systSemhginfdicoulithe wHEME ke cilohits Iﬁeautfme%md%heﬁf&p&é fleiy) OVErcones these
problems. In particular, the rectifier shown in TE“EA i s symetri cal
so that the equivalent circuits for positive and negative half cycles are
15 identi ca@lurthddsioR, basbbdriiod BRatveBdrnbhe! t dance during
bot h negatl e an o??ﬁ | f y’éyc eisn@ cog?ﬁ%ﬁmﬂnlgoé%gd %?% ﬁ.“ﬁgﬁ%‘ia & 8o
be rratched \eqile gtﬁcha‘fﬂéda P‘Hﬁeféa?ﬁ& signalsh élomerdr] ﬁlcsrslgna@oﬁecﬁlldiufgg!eyhe
the overal h)TEF@@ﬂ@EﬁSEI\@fﬁchh@lcfc@@ﬁd foBl tﬁéé&f&%e]ﬂte}%ex% YD W 81 megadl S 33 337
and 334 s, effectively linear, thereby allow ng nore accura

mat chi 8 o MY ON Il ERYSHGN Heteliofok these Fredupntiss rue wsually Yeey fisw, ribidwae niaiﬁe obtam
em ssi on obpgraraenhesyisicanyanegies. Accordingly, the rectifiers described
above, increase the rectified voltage or anplitude of a signal 25 received
at a single port antenna nore than the rectifiers according to the prior

art. Furt hEowere, iBsSreliifer &Y F 18R ACRRSIAIRE 1O
current dr | oad) pl aced on the rect%éfﬂrio}aﬁmgalq‘paracﬁar éecbﬁgﬁn%% or

(
i npact on ?WETG %HS P f’le"l‘%lh@e‘hé‘f the, cqupaleny cibeusio ot pasisive led neativd hedf cycles are
Accor dilagl identidai.s al |l ows tags incorporating rectifiers in accordance with
the invention to achieve far better operating ranges than tags
i ncorporating prior art rectifiers. 30 Furthernore, the rectifier of Figure

9A has appAexirdvalt,ehd/rebiiMe PresérRSRONSE: I%E,dahase({ﬁ;‘xg %Sthgl@%%(f? %n%cs}%cxf)\t;ge l?a}&cygles

har noni cs, i nﬁgdance mat chi ng nore accurate an

result, th¥ Wl‘?ﬁg‘ﬁ‘em& BR UCYIP Pe pathed scapratelyito the gmpeglenct of the Jedtifivre
dem)nstrat ed a better 35 performance than the prior art rectifiers, even
when cggpag ﬂé l{% %frt antenna_arrangenents. In particular, the one
port réctifiere? giFralkregponsipighe metifist heptesn theriomit deminalsdi3 4G and 334 is

appr oxi mat«ffedtively linear, thereby allowing more accurate impedance tatching of the matching network

302. This in turn helps reduce the emission of harmonic frequencies.

Accordingly, the rectifiers described above, increase the rectified voltage or amplitude of a signal
25  received at a single port antenna more than the rectifiers according to the prior art. Furthermore as
the current consumption is small, a change in the current drain (or load) placed on the rectifier will
not have such a major impact on the operating range of a tag incorporating the rectifier.
Accordingly, this allows tags incorporating rectifiers in accordance with the invention to achieve far
better ope;ating ranges than tags incorporating prior artl rectifiers,
30
Furthermore, the rectifier of Figure 9A has approximately linear response and therefore generates’

less harmonics, making impedance matching more accurate and effective.

As a result, the single antenna port rectifiers of Figures 7 to 9 have demonstrated a better
35 performance than the prior art rectifiers, even when compared to dual port anterma arrangements.
In particular, the one port rectifiers of Figures § and 9 for example, provide a voltage approximate 4

times the input peak voltage, which is better in terms of operating range than the two port system



times the input peak voltage, which is better in terns of opegti&g?%\ggpgg
than the tV‘DWQPfoﬁmﬁtfﬂﬁbem WO 2004/ 001939 -20 11 MAY 2005 PCT/ SGZ0

whi ch provides Sim overal | voltage magnification. This PSTgeaWaseithe
anplitude of RF signals- established at €dth port of the two port antennas
Vp' is lower than that of single port antenna Vp. Hence, the maxi num
voltage that the prior art can provide is: 5 Vcc'=2 x VWp'+ 2 x Vp'= 4 X
Vpi tV\her e?swﬁich mhﬁdsmmmel irh Overﬁl\l/vlﬁblgusé ﬁa\%}gxﬁﬁaa\ia/idn.9$ﬁfs Hb?aef:aﬁﬁ& 'thfeiaﬁ%ﬂiﬁﬁeufﬁlg%g@% )
vol t age of: ce = 4Ax\Yp 10-.- ere; > \p/' e termground as used in e
speci fi cat ietsntﬁﬁllsg‘ec} aﬁte%%d?é’flit of e e gort ?l?fgfé‘a%gﬂ dlorriohen theiof siagls pag asterma Vp.
effective ground for the purposes of the above analysis. It wll be

appreci ate thah_l when t he i reﬁ_lt iti:i ers outlined above are inplemented in
conj unct i o W HeAMPERHR Lo Eage fhatiie PUYFLHAPEY98i%e 15 antennae, there is
strictly no ground connection cVameed W0 gl ts.x Wpwever, in this exanple,
at least one of the input termnals will still be clanped to a particul ar
voltage and can therefore act as a voltage reference equivalent to the
ground ter Winadas imtht betabevBicarakwad 9,&&&&&9&0%@544%'@?& he art will
appreci ate that numerous variations and nodifications wll beconme 20
apparent. All such variations ats hYVPi cati ons whi ch becone apparent to
persons skilled in the art, should be considered to fall within the spirit
and scape that tvgf i_r{yen ion broadly appearing before described. 25 11 MAY
2005 - 21-THE CLAMHE JB> Pcomuni cations device for use in a wreless
comuni cations system the systemincludes an interrogator adapted to
generate a igelnal, t he device_ being adapted to conmunicate with the

i nt err ogat orevirx FRESIEGHET @ﬁépﬁgiﬁ'&@ is eteRder fig refey) to Arconmgcdiom ghaf agts as an
receiving effective ghaind 10y e FRSceEH BIOHE b4 inalRMP! Y il Be lBHreARLE ;Wh@gql,rl]e c)
Arectifier @ﬁu qu. t&) ‘Ighe mat ching circuit to receive t st gnal via the
mat chi ng cFEUFTE CUHREC 2PWe &Fs Weplansgied) inpaninngion Witigpmtanneresugh as fdvp andlifiold er
bei ng ddaptsieise, hersiositind @asid RRRecAbn clahpdeslo Yotts ! BSwTd A mil ScetpC EA ©
a power su;i)é)liy S|1gtrﬂal, t he 1E)(fwer s_ijpplly_m nal having a nmagnitude o af

| east 3Vp: 2] &),neo e mnput terminals will still be clamped to a particular voltage and can therefore act as a

voltage reference equivalent to the ground terminal in the above analysis.

Persons skilled in the art will appreciate that numerous variations and modifications will become
20  apparent. All such variations and modifications which become apparent to persons skilled in the

art, should be considered to fall within the spirit and scope that the invention broadly appearing
before described.

25



ii) Denodul ate the signal to generate a denodul ated signal, the denod b ted
signal having a nmagnitude of at |east 3Vp; and, d) A swtchi 'r:‘gd\qﬂm:tﬁ
coupled to the rectifier to thereby effect the response of the rectifier so
as to control the nodulation of the regeived signal in accordance with a
modul ati ng signal received froma contfoller. 2) A communications device
accordi ng tppekayl, the rectifier including at |east one capacitor, and
wherein the switching circuit operates to effect the response of the -

rectifier by ’stimmivisetion device fpam it 0 mireB A OITHRM: GRS ARV ifd@ecqr di ng
to claiml ohglalm the %egl JEier e ,cou%ged to output termnals -
having a capacitor position erseg""ﬂ’eﬁj\?\glgﬁ?‘”? Wit oommgseirgmide e ct ed

i n accor danc&EEetE ibe sigrakithodevixe adbdigguent digital circuit to thereby
control the & ey £QAM BNeocRE il fgctifier, which in turn, causes the
rectifier to gener_at_e the power supply signal or the denodul ated signal 4)
A communi cat Pbrf* Haighipgeissitesnpltdto e anteony; aahe of the clainms | to 3, the.
rectifier hay nQratifid 5).. A co ni cati ons deyice, accordi ng
to claim 4, \\f\)her i n egﬁ?&‘%ﬁiﬁtg ci r%m Tl_%gsrtfcg}e]r ise eﬁﬂ?”‘{lﬁ‘éqﬁeéﬂfﬁ‘? &freait, the o
positive and néGatrHEmbliaringsmenitndy Ve, thereritfientaing 6dipidd o penmmiiakigas; devi ce

according to any R&a#f tiRey el R egtifier including: a)
First and second inl'g;yt?dl?????}n séﬁéeo%gf‘%%§?83t?% ’a%% hha Bﬁ'sf‘%"g&@?%ﬁ t he
signal, one of th& %?ﬂ? MAf hB&rd forning a vol tage reference; b) First
and second out ﬁﬁtDWdﬂaﬂ@ﬂc&i@ﬂbgﬁnéritéﬂeﬁhﬁ&ﬂﬂ@aﬁhﬁﬁ%ul&@&%@ﬁm‘ gt

e, “the

| east one.of the j t er m s and di e voltage referenc rst.
clanping circuit %ﬁcgggﬁ)gtugg{@’ﬂmgenerat e a first clanped signal at a
first term ndl A wpitching cirogk cquplaktortieotdifibras themabipdfac theehhBe b thetboibargizpal and
at | east the fit ston@liR i the first. peak rectifier heing adapted
to rectify the firsi. cl gﬁrfpeg sigﬁéﬁ m%%ggémﬁlézrﬁ&é’g?adﬁ?g?&r“e@? RESIERY gnal
at the first odtFUtdFWrsmEElen th respect to voltage reference; 1 1 MAY
2005 22 e)2)Mmmnﬁcﬁbﬁrmﬁwm%mﬁpumle%ﬁh&ﬁd}ngp%fm%% ogci{mhe i nput
termnal s angh&ggﬂ%os! t.p@e reference, the second claffping cClrcul * 58] ng
adapted to generate A SEMp P CRTHEfo SiigH dhe sepopse afdborsdifice byrshosting thed, f)

A second peafépiaiion i fier coupled to the second terminal -and at |east the

second outspul chakRila . cond peak, rectifier heing adapted to
rectify thg Seconc dal?rlge %%%%ﬁ%%%@hi%%’ﬂ?é d beg eoupked bp Wimghal  at

the second OFtPER" hagingm semiaciial pdsitionsd Puobettamyibt tapgstor lefug 5EERA in Fporfince
comUni cat | onl tead 6 S Har g PcithR b esy WBELL ik Rk o WSeckbleSt 2N
second input_.. . . e o,

NPUL which in tuen cavses the rectifier to generate the power supply signal or the demodulated signal.

4) A commmrications device according to any one of the claims 1 to 3, the rectifier having a linear
Tesponse. '

5) A communications device according to claim 4, wherein equivalent circuits defined by the rectifier
~ for pesitive and nogative half cycles are identical. ' . |
6) A communications device according to any one of the clajims 1 to 5, the Tectifier including: -
) Pirst and second input tc;‘mi:uals conpled to the antemma for receiving fhe signal, one of the
input terminals forming a voltage reference; ' |
b) First and secand output termnals;

¢) A first clamping cirouit compled to at least one of e tnput ternnals and the voltage reference,
the first clanping circuit being adapted to generate a first clamped signal at a fivst terminal;
d) A first peak rectifier conpled to the fitst torniinal and at Jeast the first output terminal, the first

poak rectifier being adapted to rectify the first clamped signal to generate a first rectified
signal at the first outpuf terminal with respect to voltage reference;




termnals of the rectifier are coupled to the antenna via an irrpdd‘hr}%{ 2005
mat ching circuit. 8) A comrunications device according to claim?7, the
second input termnal formng the voltage reference, the signal having a
magni tude Vp, and the fast clanmping circuit being coupled to the first

i nput termnal such that the first clanpegd-signal has a magnitude
substantially equal to 2Vp. 9) A comuni catons device - according to cl ai m
8, the second @l aﬁnmcmgﬁaiammgl mrciﬁetdaﬂe@mmhﬁ& Jn@ofﬁﬁ {Eé&mﬂlﬁﬁﬁtﬂ:é%@%s“
such that the seggnd, . gcqm@ s a, ma%gltu e substantially equafl to -
VP. 10) A conmuni cat | o’ns evi cé %%%’F'B beiye photed o aememete & yreond dampeflisigral Wi ng

adapt ed to provi desoed sl ated  si gnal or DC vol tage having a magnit ude of

substantially gV ni ¢ deyi ce ccordln to any of clains 6
to 10, wher ei nﬁ &36&']%%8&#?%8 ?Hr?g]%éf’ %‘ﬁﬁf@# &H&%ﬁ ?‘)“%dﬁ"ri?‘%teﬁmal
capaci tor coupl e@etsé@ﬁl@%ﬂtlrmﬁerlhmgtad@e&m neaty aededdhe eSlsigh® tdTpdAdthie sand,

1) Afirst dlodgnlgﬁaMe r edt e first term nal
and an anodﬁ grn?nal a%(c)(ﬁ% to t € % %ﬁﬁrﬁﬁ%fﬁp"ﬁ)mﬁ%ﬁ‘? fergnee. neak
rectifier el d‘@‘é‘m“ﬁ?aﬁﬂp%%ﬁ@fcc@ﬁpadp tclim 60wipdrei tin ubd) ehef ﬂhﬁts:hdaéﬁdlﬂsﬁ@ﬁnd

out put termi naﬂeﬁn:maﬁ’uﬂthelrﬁﬁeﬁm% fggmthgg@m]g | cath e term nal
coupled to tgge first outrE t er m nal an%gﬂhgﬁ’% lerm %%pl ed to the

first termn weraipg welaEn fotle Fﬁwwmmﬂ)formwhherdﬁage
capaci t or coupﬁ@ttmeothbh@ﬂmchwc Tl B2 fir Bmbihg ggﬁéh GhdE
#lrst i nput

and, ii) A thigd; ode .term nal coquple

termnal and an a de term n g%ﬁgf’:@ﬁfdf’émr W@SP@M}%W&YWP d) The
second peak }e‘%:?‘?wmﬂ%Hmww@ngTMmepmﬂ&cﬁﬁm&bﬁgh&ﬁueﬁg%&qhﬁtghﬁ
first and secomst it RHfind SEEARARS secl) A fourth hayj n cat hode
terninal coupled to the second te?m na écfl%ﬂhﬁshib d"t“%ﬁﬁi’?’r“a’?"i%%ﬂ%l fag to
the second output termnal. 12) A communications device according to claim

11, the recifra mmmmmmgfowawem%&% ﬂ‘é‘dtﬁ?x%?dé’aemou%ﬂ“ er
si gnal , the res fa*ﬁ%vl:%%l; ghx%%%hﬁircwt Tonnected arari el
with the Y 2005 o“’ag"ét\ﬁ%a? th FR¥Pswi t ching circuit adapted
to control EH&?PHB%W%FW% W‘:%qq@dm@benwﬂdaﬁisglﬁﬁiﬂ wher@gcor dance with a
nmodul ating si ghatheReelavglg ffcQfmang@nt rol ler. | |
. i) Aﬁrstcapamtorcmledwmeﬁrstmpmtmmalandmeﬁ‘sttc:m:ina],-éﬂd,
@) A first diode having a ce_lthode terminal coupled to the first terninal and an anode terminal
coupled to the second input;
b) The first peak rectifier imchudes: .
D A sccund capacitor coupled to the first and second output terrminals; and,

#) A second diode having a. cathode terminal .coupled to thc first oufput terminal and an
anode terminal conpled to the first terninal;

¢) The second clamping civenit inclades:

1) A third capacitor coupled to the sccond input tcrmmal and the second terminal; and,
1) A third diode having'a cathoda terminal coupled to the first input tcnmna.l and an anode
| terminal coupled to the second terminal; and,
d) The second peak rectifier inchndes:
) The sccond capacitor coupled to the first and second output terminals; and,
11). A, fourth diode having a cathode fersiial coupled to the second terminal and an anode
terminal coupled to the second ouiput terminal
12) A coxmnmncaﬁons device according to claim 11, the vectifier bemg adapted to further modulate

the received camrier signal, the reciifier § inchuding » switching citcuit connected in parallel with the




13) A communi cations device according to any one of clains 6 tc’”ZﬁA‘(h?UHS
rectifier further including third and fourth input termnals. 14)

comuni catins devuce according to claim 13, wherein, in use, the third and
fourth input termnals are coupled to the, antenna via a respective

i npedance matching circuit. 15) A comuni ¥4t i ons devi ce accor di ng to claim

13 and 14, whep.g! t l.ai m 8, thethlrdln ut term nal .being
coupl ed to the se%gﬁgﬂﬁg g‘r"rg%hmgf%?%bce% adfgiel My el iy mpdslation efdhosieerimd

cl anpi ng ci rch%@mfmm&dnﬁcﬂulﬁhgs@m&&hredﬁlaﬂﬁcdnﬁél[g} nal such that the

second cl anpg sustanially equal to -2Vp. 16) A
communi catonsggzdeﬁi'@%ﬁ%ﬁ?%rw (fc?ir E’Wf%e "ft‘:]r"}gﬂsrﬁém Pfthetectifiel fighedrapotiiogl t o

provi de a mduFiﬁﬂé@ifsﬁlénmutmmm vol tage having a magnitude of substanially

4 Vp. 17) A @9anasingail i ccor to any one of clains 13 to 16,
wherein: a) $he first 1"’(’:Q’ an%?cﬁjl%cm PP & E’fl’ﬁg? i, in use, the fhird anf faeth input

capacit or coupfeEemRliare ppapled joghe mhmmamﬁmmhnqﬁmcgmcyﬁﬂgrc%uﬂ ermnal ; and,

(11) A firstisgheee i al o the first termnal

and anode ter}rjn nal | HHd d@w&a‘%&gﬂ%t‘f eimf]hg LA Z‘g@’i?’e#céﬁ“éﬁ&‘é‘ B 1theetlird r st

peak rectifi er "PHdFmgeLbeing coupled Yo the seodrid feapp tinnatic Coi Rfrehd, th8Qechid St

out put term nadlafsiih dRE: VoL @Red &R" A se nd d| ode
cou ?Jetgﬂﬁ ﬁqnpfl??m’%m%ﬂfc]btq{g {%F

having a cath ter

anode terni r;g)ljfggﬂﬂ "tsgi |“ﬂ‘§1ct°t"5§@m nal c) The second cI arrpl ng
circuit incl st micatiphy) dévide {3 {] Q%u,%hﬁg [Xe! ‘%ﬁ Lg nput
terninal and ttgg‘ 8RS fr e "hetvin e‘g %afq’i"cﬁlﬂ

t er mi nal coy ?’nﬁﬂﬂvgff’]‘?&‘&fég% %ﬁ%ﬂ@“’éﬁ@fswﬁfﬂaﬁﬁﬂé‘fp t er ni nal

coupled to Wﬁm mmmmgto@gﬂhﬁmgqgl@%ge&ectl fier includes:
(i) Afourth cgpmﬁ,grchﬁ@ﬂghﬁqh gm&epe second out put term nal and the )
rt

ground; and % ode having a cathode. term nal coupl ed to
t he second term’aarA t%ﬁ%bdmﬂlcﬁrsfmp'ﬁtﬁmmﬂmﬂdﬂleﬁmhﬁﬂﬂ@ld} he second

out put term nal jl&)ﬁrﬁmgmmgq@;ﬂl r aim he
fourth input ter?n nal &Q?%tﬁgmioupl e%gt&ggnge |ﬂ?§’§€°t%%ﬁ éﬂ AT f‘ﬁﬁ'@mﬂ

first,second third an $°ﬂffﬁ‘?m%erm nal s are coupled to the.antenna
via a single %tﬁhhﬁnypeﬁkn-&ﬂﬁérm.ﬂaﬂes A com‘rum ctions device according to

claim17 or cl a| 18 ecoadh Ng..Gl rc bel ng connected in parallel wt h
ei ther or both o the sec dg&%l hpiedsy e Frigpkand the voltage reference; and, :

‘ A sccond diode ha*mng a cathodc tem:nnal coupled to the first output terminal and an
anode terminal conpled to the first terminal;
©) The sccand clamping circuit includes: :
) A third capacitor coupled to the fourth input tevminal and the sccond temamal, and,
H) -A thivd diode having & cathode terminal coupled to the voltage reference and an anode
tertminal coupled to the second terminal; and,
@) The sccond peak rectifier inchudes:

1) Afourth capacitor coupled to the second output terminal and the ground; aud;-
11) A fourth diode having a eathode terminal coupled to the second terminal and an emode
terminal coupled to the second output terminal
1.8) A commrmumications device according to claim 17, the fousth mput terminal being coupled to the
first 1 input, such that the fixst, second third-and fourth mput terminals are coupled to the anfenna
via 4 single matching civeuit,
19) A comumnications device according fo claim 17 or claim 18, the switching circwit being

connected in paraliel with either or both of the second and fourth capaciiors.




11 MAY 2005 -24 20) A conmunications device according to claim 1210'( g@&alm
19, the controller berg adapted to receive data and nodul ate the'rlet vg 5
signal is accordance with received data. 21) A communi cations device
according to claim?20, the rectifier being.adapted to receive the data
froma dat a@t%rg%iz_) ﬁA Céﬁrmuni cations device according to claim17 or
claim18, th Heatrdsvidesicednp el Agm PASTLYS (#lwSem. ssive RFID

Tag. 23) A comeshtaal LRaRsg Et‘éith%%caCéor di ng fl?ﬂ any‘i%nﬂé‘3 %ci%?:llcg?% agptedog g,
the rectifigr }ge_i ng adapted to  generitidmgecordaugs withresiofl daa.power suppl y

si gnal havi nd “TragRiceirae dofcearcordiast AMP2RRM - ﬁﬁg%%?wﬁ?‘te‘gg’ signal having
a magni tude offroats ds@akte, 4VP. 24) A conmuni cations syst ent I nel tdhge s
comuni cat i égevi ce_c?a%cordi_ ng to any of clains 1 to 23, and an

i nt errogat or TRyt iy davise atoordivhdo elhign@ or ¢ I fler far use in a
comuni cat i ongasdieyirGen phlifs REES 1, €F bei ng co%g’p‘? leaélb\ﬂ{e%gﬁd%él?aémﬁ%wﬁcﬁt@ﬁ?ng
circuit to 44 %eiove a signal via the matching circuit, the received signal
having a nagni t ogemgions degice ecseriling @ranp aricrg clacapt MQ}@e%@&ﬁepﬂeﬁﬂ C\ kcﬁgs" one
of a) Recti fygbmtesitdenad Uﬁeoo@@@%@tsﬁppgf- Bﬁ‘gﬁé supply signal, t & p&’we o
suppl y si gnal glawing, a ni tude of“at T éast8\p! le of)at desstot\il atden t he
signal to e?gr ate a Bt BeEuEndg bdt Jeatt Wép. denodul at ed signal having a
magni t ude CoRyaE i Bystediilcln @i co) ekn i.n. use,..the rectifier is
coupl ed t0 a Siah kgL c‘g‘_ig coupl%ﬁﬂi%&#ﬂ]éﬂ?"éc(%taf@fd@ﬁt‘{’{ilytnﬁ"é?@byto;zé;fect
t he respong freétgie rgyctl?fip f foggnetpte thesigmaint r ol t he modul ation of the

recei ved si |TCYURICR & Orsd am aecomphinkaBond QE VLA g ignal receiyed froma
control | er. Zxﬁétchﬁ:gr&%&ﬁft$§ according to ?:i}:%i%]%&éﬁﬁgﬁjgmgechﬁ?‘?&“ﬁéPﬁg

e CONMint

adapted for use js t I & & Yl W‘gm@hwﬁjm e widp e 1t o
53 magnitude Vp, the rectifier being adapted to perforin at least one oft ' ' o

a R C e [ y . .‘. . ) i ’

) Rectify the signal to generate a power supply signal, the power supply signal havieg a -

magnitude of at least 3Vp§ and,
b) Demndu]aie the signal to generate a demodulated sigﬁai, the .deﬁndtﬂated s
magnitude of at least IVp; and, -
and, wherein in use, the rectifier is coupled to a switching circuit coupic_d to the rectifier to thereby

eff -of th if
' ecT: the Tesponse of the rectifier so as to control the modulation of the received signal in accordance
with @ modulating sipnal received from a conirolier, | |

26) A i i im J 7 |
) A rectificr according to claim 26, ﬂ;e teclifier being adapted for use in the commmmications device

ignal having a

of any one of the clajros 1 to 23, .




