; CDe3eBL?<Xj 6TL, 0*@00002* 1 METHOD AND APPARATUS FOR AN ENHANCED RFI D TAG
| NTERROGATOR 1JJ1J/ FIELD OF THE I NVENTION [001 ] The present invention
general ly rel atlﬁﬂwmmmmmwogat ors for RFID Tags utilizing backscatter
nodul ation. In It he i nvention relates to a nethod and appar at us
~for an enhanced | ntewtomgat or for RFID Tags utilizing backscatter

nodul ati on. BA H NT, ] S ay are well
N IR T R TSP AR 12
from shi pping containers to |ibrar QER%Q@Q}”&; jcal RFID system woul d
conprise several RFID Tags and at 1 rogator. The Interrogator
comuni cates with the RFID Tags by transmtting carrier signals nodul ated
with data to the RFID Tags. The RFID Tags in turn nodul ates the nodul at ed
carrier signals fromthe Interrogator using nodul ated backscattering and
reflects and replies to the Interrciigator. bglo% Conmands and dat a nodul at ed
in the carrier ﬁmmmmwmuwmusentﬂt% RE HH BNYEN HIONough the antenna via RF
coupling. Wil g's reception of the Interrogator's conmands and
data nmay possesses-good signal to noise ratio, the Interrogator's reception
of the RFID T§g01%] Mhplpreseay imantibe geaerallp Gélatedntol Interelepaadrs Hac REFtRt Tased
signals are generally ] ow and ends_on the distance fromthe

| nt errogat or' gtlgﬁmgrhqachgﬁqrﬁgogﬁgtynra@ pam@ﬁ%ﬁpq Wy el ‘feigé?se'i‘?(?emﬁﬁ?dbe as
di sparate as b&iniS] ' y AThi in
the anpli tude]aggqﬁﬂ%ﬂ&lg:\llyg %Sﬁgl{rcg%lll;l%gg?ﬁgr ?Or{qfawg Tg glétll-c%]hg&%ﬂ(\%/e%%éa
carrier signamalula@i®nvol ts peak to peak. Furthernore, the nodul ation
frequency of 2 backscattered signals are | ow conpared with the frequency
of the carrier signal. The nodul ati on frequency of a backscattered signal
is typically a few hundred kil ohertz for a carrier signal having a
frequency of about 13.56 negahertz. These disproportionate differences in
anpl i tudes and frequencies WeeRQIAND; QF TIJWQTN}EENEMt ered signals have
caused problens with data retrieval. [005] Presently, research and

devel opmental efforts spent on isolating the backscattered signals from

carrier signalfe02la\RFIDI §ktdad tddayré svelhkineWnang ubed for traskiag) idedti#eingrand The
attenuation of the large carrjer sjignals inherently reduces the

backscat t er ed MIVREPE 2 Vgricly e itemsdram shipping con@inepeprlbranioks. | A teritddnpt i ng
to raise the gypl o feq %uﬁﬁs&ﬁﬁﬁéet Ve iéﬁﬁafégs ad 1%2&?%9%1%{@@&0{?&"6
resorted to si mply "I nCcreasli ng t'he transm ssi on ower . NS netho no onl Yy
fails to inprdhe lhterrogatgnedmmonioates withald RFI) Thifebyt nheshiit@ggtoarries sigaakpt i on

of the RFID Tag' s, reply but may e run foul of transm ssion power
limtations. F%G@‘iatﬁﬁ&g at%%ﬁ@rﬁﬁ}% TI%S% &i’?s&@%g%ﬁ‘ m‘E‘Ir%El@rﬂjHFaé%S'tth t he
activation i gldiuPheddhricHsFaRARIR the ﬂiﬂ:?x%%at'bphﬁgé(Hﬁhﬁﬁkd@a@ks&@l@érﬁ@%ﬂﬂn the
activation field where the Teplies of the RFID Tags cannot be correctly
recei ved by t meflactstamdreplies e theAntetrhgatbtackscattered signals take the form of
Doubl e Side Band Wthout suppression of the carrier signal, the side bands
can interfere with the carrier signal by way of nufti-path reflection and

phase del ays {003 CoeRindanae d@atahb&dhid on th\@rfiaceinareackseahd RIFED
signal. This may result in data inversion and data fallout. These effects

are especi al | yragdhrongh the antanap visgRY spuplingp| While ghed®pliD Tagie rerentenpiatheon
techni ques su | t ] ] i e tgnna
Systems as botfiefoafay Fomiah e dub e RsaRr LB Sehll 8 RRSTERERC
Thi s creates dntBirggatsr’ ciasiniodthesRBIMATS s eeplyninay heree sind with only one
reference point, higher difficulty in isolating the backscattered signal.
[007] Another influence in the quality of backscattered data retrieval is
the noise in yhgal AAFMuAL bR BackSittda sibiIehR PenBRlIS ob hnlNRpbIAHMEST ON
distance from the Interrogator’s antenna to the RFID Tag. The amplitude

difference may be as disparate as 120dB below the carrier signal’s amplitude. This
results in the amplitude of the RFID Tag’s reply being in the range of 100uV on a

carrier signal of 60 volts peak to peak. Furthermore, the modulation frequency of



backscattering signals. 3 [008] The present invention prevents the
erroneous recovery of backscattered signals from RFID Tags and provi des
extrenely high signal to noise ratio for the reception of backscattered
signals. The present invention is also design for |ow inherent noise. [009]
Conventional Interrogators typically are able to communicate with RFID Tags

on a single b scattered frequen Slmla i cal IDTasony
conmuni cat e %Fﬁ(ﬁcﬁtﬁgi?‘ﬁ Sigaplsraze &i"é cempgied W‘Flbéﬁegﬁ%ﬁ’%%}'cﬂgg‘&tctaérﬂeécﬁlgna
modul ation. Fuheh@bd®aton HRGEGHDIS BRksERRRed ﬁghﬁlr@@ﬂﬁ&zﬁﬂ 2t Hulfeagat or s

capabl e of sinultaneous comrunication with a plurality of "RFID Tags
operating on émlphmafqrta;pamermgrmbhwg atﬁ@quﬂmmOégbOWHérSé mbgabetizvdhesst been

requirenents [ nterr capabl e .of . co i cati.n t h i ndivi

REI'D Tags. ope PR raR o AL e Radt O il el Lo 85 bEinen PO B The
present i nventbaskscattrédsipnAdRRTagsedlpaéblént With JaraeirfeQsl. | nt errogat or s
capabl e of sinultaneously communicating with a plurality of RFID Tags

working on a plurality of different frequencies as well as RFID Tags
i ndi vidual l'y ty h RS en U RY OF
THE | NVENTI mq?g‘fbﬁf r?s%.?ﬁg 3?%?&%& iy deve lgg‘%‘%éégl?tsf% %%68?%§‘e15§¥a d and

appar atus for baﬂ(seﬂi‘aé’tta@nﬂEthTamlbﬂﬁlgﬁé(l@ga&d)ﬁeldbﬂ’%s%]tsMﬁ&fﬁ‘eff&l ﬁ‘oml n one
aspect, the present invention provi an apparatus, for an_enhanced
recei ver for AAUFEIEIYTaght AtieRatgn ﬁh%wg%@wﬁle&a@éhtmhwaﬂ@f sedvees thed an

antenna, the gphapgeded ﬁgﬁ‘dl% %Fﬂ?é ;foﬁsdzsg nﬂi‘%‘e @8%&11%9@ SIn da‘?t?ﬁm&»hﬂé td Rse
receiving an input curre e rom t urrent tran and fo
produci ng a salmplevelgpfehehadksdwdtered sngnaﬂsheomenmahufaumlrﬁslhamee(ﬁmmm simplgase

shifter for phase Shlftln t he sa I|ng |gn yabo nety degrees to
produce a phad¥’ EFng e %??B]‘?%‘\‘b“ \jﬁral E‘ihgg nok Q8 Yaf P IMDres B5si ng

time duration s@na?ﬂﬁﬂolse fatfdUbShe QBtehlaﬁatBP@?@ceﬁﬂbxfl ro?%esﬁﬁﬁb' g ssﬂe?g}'alg utt 0
produce a control signal for controlling a chopper; the choppe r

recei vi ng and maymgyleh men fpubelikansaissemagwwea liniiwtions. gnal from t he antenna; and
a bandpass filter for filtering away a carrier signal of the backscattered
carrier signal. [0013] In another aspect, the present invention provides, a
met hod for reqeos] rpqlo@lmﬁé@ﬁ edthbaskstdint LEFBIECIBMIE’ §h tifd stivhtios figldSof

conprising: producing a sanpling signal conprising of a plurality of
i nst ant aneous apUpsEogatar. a'erb@%ed&%tckho&es "hargaegiony sBierigtivition fgeld rwzlme thavef or m

Of [Uhe rrodul e bAPHACRIAT TR GARL! B kNP hicdIANG, AOLEROBER oA 2AIP! 1 1O

si gnal by about™ ninet eqgr ee I'ncreasi ng I"on

i nst ant aneous bpcltsemeréty s@naﬂs eaketthe formeof DU&HIEISME BangWidhioue s@ppeessionaf
signal; and control |i glg @ cho&&e th the control signal to sanple the
modul at ed bacR3& SATFiEY athe ﬁ%&?aﬂan intsgfery With the F@rﬂehélrgna%b\é&ay afhe

present invent) ap ROMeson A @&g@@%ﬁ td ea{us@@nBEédasEmcﬂs%%é QERHRA

having a current transformer and an antenna, the apparatus conprising: an
enhanced r eceibaekscattared aiguak i ik and3aredpla $s dMaI mverEiandmﬂ)ahrmjfaﬂ]auor Th&RI EF

DESCRI P! CN G TLE CRAWNGE, (90151 A pr et et ed epbed oot ¢f Shs plgent

techniques such as diode detectors. It is also occurs in single antenna systems as
both transmitted and received signals originate from one point. This creates a
higher chance for signals to interfere and with only one reference point, higher

difficulty in isolating the backscattered signal.

[007] Another influence in the quality of backscattered data retrieval is the noise
in the transmitting circuit. Inherent noise in the transmission will often mask the

backscattering signals.



described, with reference to the drawi ngs of which: [0016] FIG 1
illustrates a block diagramof an RFID Tag Interrogator incorporating the
apparatus in accordance with the present invention; and [0017] FIG 2
illustrates the apparatus in accordance with the present invention. 5

- DESCRI PTI ON OF THE | NVENTI ON [ 0018] A nethod and apparatus for an enhanced
RFID Tag Inter ator in a preferred enbodi nent is described. |t shall be
apparent to or[é8&<?rﬁ’leéﬁe?el‘i‘t fIRCnHPR PIEGRES °cr¥Pé‘F°¥9r1E¢°PﬁV¥rﬁficjl?ﬂ? Prajiersd
practiced wt qyﬁﬁ oS- ; b S : : i.bed at
| ength so as E(%ﬁ%ltso 0 gﬁ@%%emﬁmﬁsoiﬁfg&gﬁgh%%¥Wﬁ%sfgtlgle%ﬁmgnd

FI G 2, the appeception of badccattatedhsignals.t T hepresenemwantiomisealsa desigrs for low
illustrated. An Interrogator 10 having an enhanced receiver 20 and a

Vari abl e Bandﬁ§§§mﬁﬂPFF=Band (VBMB) Denodul ator 40 in accordance with the
present invention is illustrated. The enhanced receiver 20 is coupl ed both
to the current transformer 14 and the antenna 12 of the Interrogator 10.
The enhanced M8€9) \onventiangl {nferregators dypiraly ars ablge to/gnBmBeisaiguViEl KEFIRO.

h f ' |
{ransm {tor s dib A 1 Sper badbialeres” RRBSIRES BT P BRC IR e TS or e

14, and the erbamaefcdie atihviiterddgatdrd ddildindls dfr@ubadic BatksefRiademodPatompr i ses
a zero cross detector 22, a phase shifter nodul e 24, a pul se generator 26,

a chopper 28 dnmathsrmernsdpbers havetrgt bign rpquiromentscfop dateaeagatars capable of
led both t . ANsf.OLf . .
coupl €d bo fsﬁg{gﬁa}ffaﬂyc%ﬂ{m&h@é}%no it 2 énéf\tlrgpt)ég? ﬂﬂheﬁ*’ag@@{aﬁlégt&gg tao

t he phase shi he zero cross recel ve

current wavef @luralify bhdiffiremtseequeaciesl CHierd alsosiayaalot eeeiry@drdmentd or
antenna fromthe current trar(l)zf ormer . 14. The zerq. cross. _detector 22
det er mi nes t hdneripgatprsstanable of communirating witly indriidugh REA By Tags opsabiag Ger

frompositive Qe %%gcgga&@%pﬁﬁﬁgn}?aposi tive and outputs sanpling

signal conprising of a series o neous pul ses. Each i nstant aneous
pul se of the sanpling signal indicates a tinme instant at which the current

wavef orm of t ived signal .has ¢rossed ove r, under. the zero val ue.

9022 The. zen0LfiHe Tierat Menuat futied aaitessesqhn Ruuts boeder pHEGEEUH { o

Zﬁ whi ¢ E ?It I 3%1)561'@ of il taAcbuS iy WM mbrBciRgRAAS & phlthlidy &Ff RBIDabdtwdRingThe
ase shifte

P on a plurality of different frequencies as well as RFID Tags individually operating

on more than one backscattered frequency.

SUMMARY OF THE INVENTION

[0011] The present invention seeks to provide a method and apparatus for an

enhanced RFID Tag Interrogator.

[0012] Accordingly, in one aspect, the present invention provides, an apparatus for
an enhanced receiver for an RFID Tag Interrogator having a current transformer
and an antenna, the enhanced receiver comprising: a zero cross detector for
receiving an input current waveform from the current transformer and for
producing a sampling signal based on the input current waveform; a phase shifter
for phase shifting the sampling signal by about ninety degrees to produce a phase

shifted sampling signal; a pulse generator for increasing time duration of each



6 sanpling signal is then sent to a pul se generator which increases the
sanpling tinme of each of the series of instantaneous pul ses of the phase
shifted sanpling signal to produce a control signal. The wi dth of these

pul ses are determined by the sensitivity desired when sanpling the

- backscattered carrier signal. The control signal which is the output from
the pul se generator .26 is then_ used to. contrqgl the chopper 28 f.or sanpling
t he backscatt &" 8%”1 § Bﬁa?i g'HﬁtFafﬁaBm?‘t“ﬁeS‘EH@eF?naf%@Pé [£6%t]r§1| f‘ge%?‘%rhus be
seen that the c3aFbBllingt @ﬁ%%)@a R kS ppYrt BF @6tetAng lafll samPNaL abbackb@teR@PPer
28 occurs at about every phase shift fromthe tinme when the ]
backscat t er ed cegierisignak iigrathe angaswasangd e bangdpasmiilier fonéilteeng apay @ecarrigr s
occurrence i s | .S} | fromthe pul se generator 26 being
based sim | ar IS%%gln&ﬁﬁéeB c&%?ﬂ!%fe%%a%%%%%a%f t he backscattered carrier signal
crossing over or under the zero value and bei ng phase shifted by about 90
by the phase shifter 24. [0024] The overall effect results_in the sanpling
of the backscdPPt3Hn apather aspect; thearesgnt myentionayeyiges, arpethpddorjpesivinga
backscattered ' ' j ol US il nlit d
detection of éﬁl@dlgér}%? ibg %‘%ga(k: ‘%‘E&%@ﬂ* é%gglé?’féﬁitcgo g%l@ﬁfﬁ{oggg@}g al%g[ﬁ)c@?put
from t he choppégnal8omptisihg iof atpleratitoppindtanmakecafitl essdd aceordamre Witlgaedo | s

then sent to the bandpass filter 30 for filtering. a of the carrie
signal . The b&RRATHEsO mceantsryaﬁﬂ';nBé&btas éaodgﬂate@;ba%\?%?ﬂ%raﬁ REHIET P or
ot her conmon fﬂhh&@%hiﬁ?ﬁ&@'tﬁ@%&xﬁf)ﬁﬁg sigh@l lB?”&Bb%%%iﬁétir td?:"gr_ l@; ﬁic’igagﬁﬁggx% to

performimage rejection. The output Tronthe bandpass filter
cont ai ns onl y durasidnacfktheanstentademisgniddes dhyda prade@rmimadaduratipn ho prodube a

| Cude. moauPBEPLHERR; B SrR ol i eapyt Wb dBE sPrEroosl rmampic e’
backscatt er ed rgédiikabd backieattbRdRanépamsaalf i | ter 30 is then anplified and

m xed with nultiple frequencies and separately denodul ated in the Variable
Bandpass Multi-Band (VBMB) denodul ator 40. The VBMB Denodul at or 40

conpri ses of al i of mxers 32 coupled.to a plkurality of Variable
Frequency osctPPIEHRe! Fit pobgie i desell BRRyO L pRaiss 2nigipbalos B oy
gﬁppl \e/g I\/}3 oda pgulmrdg Mz%ifogbﬁﬁglﬁﬁiﬁgfaﬁihﬁgnﬁﬁr@ﬁﬁirnﬂemﬁﬁhﬁ aﬁtgma, ﬂ@-apg_ax[aﬁﬁ27]
is enodul at or can be heterodyne, L super-heterodyne or direct
conver si on derﬁ9§mrbﬁ“éﬁ:s?nmﬁ?&c%mcﬂé%dﬁm%tao&arl?geeBﬁﬂ 955y iyt Hande
detectors and ﬁeﬁﬁ@du‘faﬁoﬁi gnal strength indicators to recover both Frequency
Shift Keying and Anplitude Shift Keying based data. Phase detectors and
Phase Lock Loops can al so be added to provide Phase Shift Keying
denodul ati on. [0028] Inmage rejection and single side band operation
enhances the rejection of unwanted signals and noi se whil e inproving
backscattered signal to nQREEFBESCRIPAON OETHE DRAWNNGRSM tter with | ow
noi se floor, can elimnate "blackholes™ in the interrogating field. The | ow
noi se transmtter and hi gh backscatter sensitivity lowers the transm ssion

Peoaul ot o 40 MAASEREraRTey e BEEhRAY HiiBieef D Buort e 19} B

backscat t er ed des@ibeaNwite sefeready tonle driaWidgds ofamich;: operation. This is cruci al
for inplenenting systenms with security features such as Electronic Article

Surveillance (EAS). [0030] An exanple of which is a RFID Tag replying via
backscattered i pn, n{.erLo 1 KHz
after receiviJgag&tgg%gn%ﬁgpéﬁglLf&%ﬁ#tg%%%%Pe8¥gghggﬁtﬁgﬂﬁgﬁ¥§9%¥£§§
command and r dfdorpdnitite Sy apparatk ar soyrdanéeewito grippéseiinhagionpamdini cat i on
priority. The sane system may al so consist of the RFID Tags operating a
second backscattered frequency of 2.4MHz once they are in the activation
field of the | j I ttered
frequency ochng??Hﬂgg}eﬂlg g%\%fsytﬁg? pﬁ%?%{t ée&?' ?Igg%(%e}c}& &%&ggﬁé&r&%@ﬁgﬁﬁg] and is
based on RFID Tags having the comrunication priority. This independent
operation of the RFID Tag is often for the inplenenting of the

abovenenti oned EAS. The 2.4MHz system co-exists with the 423KHz system
Wth conventional single band systens, either the backscattered data or the
EAS signal is received, therefore losing the other signal. The present

i nventi on however advantageously allows both signals to be received

si mul at aneousl y. [0031] It will be appreciated that various nodifications
and i nprovenents can be nmade by a person skilled in the art w thout
departing fromthe scope of the present




I nventi on. 9 Cains 1. An enhanced receiver for an RFID Tag | nterrogator
having a current transfornmer and an antenna, said enhanced receiver
conprising: a zero cross detector for receiving an input current waveform
fromsaid current transfornmer and for producing a sanpling signal based on
sai d input current waveform a phase shifter for phase shifting said

sanpling signal by about nin ase shifted sanpling
signal; a pul se generator foﬁ%ﬁﬁ&@igﬁlﬁgqgmrﬁgﬁof each pul se of
sai d phase shifted sanpling signal to produce a control signal for

controlling a _cho $per sai d chopper for receiving and sanpling a
backscat t er ed [0@#8]4emethethand fapparatitsi for ant enheacehRFIR Begdpjaogatot iem f or

filtering am%r@feﬁ% ﬁl%odl%e%' %I de%Erlée%. dIt shall be apparent to one skilled in the art,

however that the invention may be practiced without such details. Some of the

details may not be described at length so as not to obscure the invention.

[0019] Referring to FIG1 and FIG.2, the apparatus in accordance with the present
invention is illustrated. An Interrogator 10 having an enhanced receiver 20 and a
Variable Bandpass Multi-Band (VBMB) Demodulator 40 in accordance with the
present invention is illustrated. The enhanced receiver 20 is coupled both to the
current transformer 14 and the antenna 12 of the Interrogator 10. The enhanced
receiver 20 is further coupled to the VBMB Demodulator 40.

[0020] The Interrogator 10 further comprises known portions such as transmitters
and filters coupled to the antenna 12, the current transformer 14, and the enhanced

receiver 20.

[0021] The enhanced receiver 20 comprises a zero cross detector 22, a phase
shifter module 24, a pulse generator 26, a chopper 28 and a bandpass filter 30. The
zero cross detector 22 is coupled both to the current transformer 14 of the
Interrogator 10 and to the phase shifter 24. The zero cross detector 22 receives an
input of a current waveform of the backscattered carrier signal received by the
antenna from the current transformer 14. The zero cross detector 22 determines
the time instants at which the current waveform crosses over from positive to
negative or negative to positive and outputs sampling signal comprising of a series
of instantaneous pulses. Each instantaneous pulse of the sampling signal indicates
a time instant at which the current waveform of the received signal has crossed

over or under the zero value.

[0022] The zero cross detector 22 is further coupled to the phase shifter 24 which
allows the sampling signal to be phase shifted by about 90°. The phase shifted



backscattered carrier signal. 2. A nmethod for receiving a nodul ated
backscattered carrier signal, steps conprising: a. producing a sanpling
signal conprising of a plurality of instantaneous pul ses in accordance with
zero crossing of a current waveform of said nodul ated backscattered carrier
-signal; b. phase shifting said sanpling signal by about ninety degrees; c.

I ncreasing tinme dyrat,ion.of said instantaneous pul ses by glpred term ned

duration to psuBBRRE Heradit fheR ST 4haPUIsa RENHALOE BRICRARSTPATGS thechiBIpRs Lkt h
said control Sirgfdloflic AR b itAhERMNSdr IR HHACARIPURARE Lhatbonal

3. An apparatus for an RFID Tag Interrogator having a curre sformer
and an ant enngrodmedca appizolasigsalc oifpe i wiidthy of dhesenprelsesearer deteimiaed banthea

Vari abl e Bandpass.Mil ti - Band Denodul at or 10.4. . The. appar at in
necordance w BRI e EaNED, oG (66 RarksEtstes Sivisr SIRAHE ndRe EOMEY ses:
a zero cross 4ph8CHAchfi9fhd ARFIMAE tROphISPPinesatbf 261s ey Aty & donfB) gl d

current transfornmer and for producing a sanpling signal based on said input
current wavef ehepper 28 for sampling the backscattered carrier signal from the antenna 12.

[0023]1t can thus be seen that the sampling of the backscattered carrier signal by
the chopper 28 occurs at about every 90° phase shift from the time when the
backscattered carrier signal crosses over or under the zero value. This occurrence
is due to the control signal from the pulse generator 26 being based similarly on the
current waveform of the backscattered carrier signal crossing over or under the

zero value and being phase shifted by about 90° by the phase shifter 24.

[0024] The overall effect results in the sampling of the backscattered carrier signal
at the location and time when the backscattered carrier signal is at its highest or

lowest amplitude and detection of any amplitude changes is easily isolated.

[0025] The output from the chopper 28 which is the chopped backscattered carrier
signal is then sent to the bandpass filter 30 for filtering away of the carrier signal.
The bandpass filter 30 may be based on ceramic, surface wave or other common
filter architectures. The bandpass filter 30 also serves to perform image rejection.
The output from the bandpass filter 30 thus contains only the backscattered signal
and a D.C voltage without the carrier signal. As this method is sensitive to both

phase modulation and amplitude modulation, it forms the primary detector.

[0026] The backscattered signal from the bandpass filter 30 is then amplified and
mixed with multiple frequencies and separately demodulated in the Variable
Bandpass Multi-Band (VBMB) demodulator 40. The VBMB Demodulator 40
comprises of a plurality of mixers 32 coupled to a plurality of Variable Frequency
Oscillators (VFOs) 34. The plurality of mixers 32 are further coupled to a plurality

of backscattered signal demodulators 36.



a phase shifter for phase shifting said sanpling signal by about ninety
degrees to produce a phase shifted sanpling signal; a pul se generator for
increasing time duration of each pul se of said phase shifted sanpling
signal to produce a control signal for controlling a chopper; said chopper
-for receiving and sanpling a backscattered carrier signal fromsaid
antenna; and a bandpass filter for filtering away a carrier signal of said
backscattered carrier signal. 5. The apparatus in accordance with claim 3,

wherein said \fg 02?11;1‘}% BaMBaRmottlilator 45%@@ b@%%ﬂidyﬁé théﬂ%ét&@ﬂyrfe%’f%ﬂe@ﬁs a
plurality of variable frequency oscillators; (fl urality of mxers; and a

plurality of d@m@moatdﬁnsodwm@mm@an\@kiﬂjdgm ulatofs maxsnmlcfmquardeaiaran ng a

plurality of red Si fro y anced re ver

m xi ng said pl urfgclal) y of e‘ffé ggg% % re@%t Si g‘ P eﬁoveér éeqfu%%fugﬁgﬁ es
from said pl urkdyihy and Avigilitede ﬂnftﬂ@@bﬁ@ﬁ%e@ﬁﬁml Imia@af 8étedtonstangd Phaker.&kn sai d
plurality of denodul ators for receiving input fromsaid plurality of m xers

and for separ d+Q9Py ceralsR be addeddo eravidedthasaPliftdieing demodiatipackscat t er ed
signals. .ALSI. A .A|.Ay.Af.AL Ay. A SE7. Asf.A fOFMa}? - 3
Oa}wr | gb\ W caU] ca] ca] caU] ca] cal] ca] cal] ca] ca] ca] ca] caU] ca] caU] ca] cal] ca] ca]
EJ?/]U] Cia] Ci'iU] (L:J]a] [Oﬂgﬁaiaglalreja?t}on and single sxg{le band 0;])erat10n Tnhances t]he red]ectlcin oﬁ ]

ca] cal] cal] caa ~yt ni ¢ caj ca caU| cal]ca] cal] ca
U] ca] cal] ca] caver “g;ﬁlé%ﬁﬂ 8 88/%8% ’g’dﬁi’é‘}‘éa aclsealis lééTalctﬁlﬂoé%ﬂ ®iPcal] ca

4

](5 o { hFe M/ ESss s adtransiitier with lowagjse floor, ean sliminate plackholes™ i the cal ca
] ca] ca] ca] ca] aatdkmg}itmglflchq c Abk day cwlifec prsatiften i blighabackkfattat sajsitajityal] cal
caUl ca 993%: B:
L% <h<=@Z= a@‘?’?"(sgﬁ%%%‘%“% RV EAUEeR LA Gases ey IR SrARes ca] ca] ca] ¢
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[0029] The VBMB Deodulator 40 has the ability to simultaneously demodulate
multiple backscattered frequencies enabling “multi-band” operation. This is
crucial for implementing systems with security features such as Electronic Article

Surveillance (EAS).

[0030] An example of which is a RFID Tag replying via backscattered modulation
to the Interrogator 10 at a frequency of 423KHz after receiving a command signal
from the Interrogator 10. This is a command and reply type system whereby
Interrogator 10 has communication priority. The same system may also consist of
the RFID Tags operating a second backscattered frequency of 2.4MHz once they
are in the activation field of the Interrogator 10. The operation of this second
backscattered frequency occurs independently of the Interrogator’s command
signal and is based on RFID Tags having the communication priority. This
independent operation of the RFID Tag is often for the implementing of the
abovementioned EAS. The 2.4MHz system co-exists with the 423KHz system.
With conventional single band systems, either the backscattered data or the EAS
signal is received, therefore losing the other signal. The present invention however

advantageously allows both signals to be received simulataneously.
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made by a person skilled in the art without departing from the scope of the present

invention.
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1. An enhanced receiver for an RFID Tag Interrogator having a current

transformer and an antenna, said enhanced receiver comprising:

a zero cross detector for receiving an input current waveform from
said current transformer and for producing a sampling signal based on said
input current waveform;

a phase shifter for phase shifting said sampling signal by about
ninety degrees to produce a phase shifted sampling signal,

a pulse generator for increasing time duration of each pulse of said
phase shifted sampling signal to produce a control signal for controlling a
chopper; said chopper for receiving and sampling a backscattered carrier
signal from said antenna; and

a bandpass filter for filtering away a carrier signal of said

backscattered carrier signal.

2. A method for receiving a modulated backscattered carrier signal, steps
comprising:

a. producing a sampling signal comprising of a plurality of
instantaneous pulses in accordance with zero crossing of a current
waveform of said modulated backscattered carrier signal,;

b. phase shifting said sampling signal by about ninety degrees;

c. increasing time duration of said instantaneous pulses by a
predetermined duration to produce a control signal; and

d. controlling a chopper with said control signal to sample said

modulated backscattered carrier signal.

3. An apparatus for an RFID Tag Interrogator having a current transformer
and an antenna, said apparatus comprising:
an enhanced receiver; and

a Variable Bandpass Multi-Band Demodulator.
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y a phasé )shiffer for phase shifting said sg\pllng signal by about
ninety degrees to produce a phase shifted sampling signal;
a pulse generator for increasing time duration of each pulse of said
phase shifted sampling signal to produce a control signal for controlling a
chopper; said chopper for receiving and sampling a backscattered carrier
signal from said antenna; and

a bandpass filter for filtering away a carrier signal of said

backscattered carrier signal.

5. The apparatus in accordance with claim 3, wherein said Variable Bandpass
Multi-Band Demodulator further comprises:
a plurality of variable frequency oscillators;
a plurality of mixers; and
a plurality of demodulators;
wherein said plurality of mixers for receiving a plurality of backscattered
signals from said enhanced receiver and for mixing said plurality of
backscattered signals with variable frequencies from said plurality of
variable frequency oscillators;
further wherein said plurality of demodulators for receiving input from said
plurality of mixers and for separately demodulating each of said plurality of

backscattered signals.



