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*159159* Carrier Signal Leakage Suppression in
Modul at ed Backscattered |Interrogator Receivers 5
Field of Invention The present invention relates to
signal attenuators. Mire specifically, the present
invention relates to carrier signal Ieakaﬂmmmu MMM
suppression in nodul ated backscattered
receivers. 10 Background of Invention Backscatjgrgd
interrogator receivers are commonly used in raJ
frequency identification (RFID) applications where

| TR SRR RRet SOPDRt SFRIRMORAR ERarkscasterea

schenes i ncl udi ng, f keying 15
(OOK), anplitude shlﬁ‘%térﬁgl ngq}e&g&x&;nd phase shift
keying (PSK). Commonly used receiver architecture for
menting the interrogator for recovering data
‘“ﬂagﬁﬁﬁﬁﬂﬁga fromthe transponder is a direct

The Ofte&ns lipventies abMRE @RF &Bhdl eéi{eHﬁﬁor(sal Mork %ﬁwﬁ@aﬁly, the present
hor nodyne archltecturez Usi ng t he honod

invepten treldtearie ewripecmnel leikege svppmesyiont edmo‘dntalmdt beackscattered

nvol ves mul ti plying the nodul ated si gna
|n$&&$gcg§%§{é% fromthe 20 transponder with the

reference extracted fromthe carrier signal used by

the interrogat.or for transm ssion. This architecture
Baﬁ&?“?ﬂé gbvgﬂigﬁe of providing good receiver
Baslensicréd/inteyroglioWR eI ers arcC@IMREANy LiQdd 1‘1 hhdio We@&n&? Gdedlification

the carrier signal |eakage fromthe rrogator
(R%ﬁ)ﬁr@m'%ﬁ@ﬂs §’h@‘iﬁ’ ata th@fCHm?Fle frgan mranslppgdqrap ranenterrogator is

mdd@@‘i%%gﬁ‘sn% 983y 5' oG saklnks lhélgergg%aéx%d uChon oJEZ@ymg

received fromthe transpon
(O@ r@mlénde ﬂﬁﬂtk@ymge(AS&x)and@has(u shifeke0g@(RBK). Commonly used

R S e
fronBtHeh&arspdef it he dired udoat &6ion DREK SG a4t BERH S | glgéllknt){vﬁr@s a

d the carrier signal |eaked fromthe
honp? ﬁ‘tg :ﬁ?‘ﬂ}s{é&ﬂd r H?Sgng H}eel}qnwdp%larchpgtglg’p\;@ recover data transmitted

frofnbAE t@A3poh&&Sthy T OndND BB the G fed ﬂgﬁaﬁ "8 MePed from the

transponder with the reference extracted from the carrier signal used by the interrogator

for transmission. This architecture has the advantage of providing good receiver
sensitivity. However, a concern for this architecture is the carrier signal leakage from the
interrogator transmitted signal. The amplitude of this carrier leakage signal is undesirably
high compared with the signal received from the transponder and as such poses a problem

to the receiver (interrogator) sensitivity as it also operates at the same frequency.

The signal at the receiver input of the Interrogator is the sum of the modulated
backscattered signal from the transponder and the carrier signal leaked from the
transmitter of the interrogator. Passive (battery-less) RFID systems require interrogators
to transmit continuous carrier signal after it has transmitted the command signal to the

transponder. This is required to power up the transponder and maintain it in the powered-
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30 to transmt continuous carrier signal after it has
transmtted the command signal to the transponder.
This is required to power up the transponder and
maintain it in the powered- 1 X111211200101 @il 11111
LEErE Frrrii1ilrii *Goood up state. It can be seen
that the signal fromthe transponder rides on top of
the | eaked carrier signal. The | eaked carrier signha
uphejte.g & cantieSeeiitidn the@gits €rodf hRQPRsFIMENHES Jnhl% ofrmé/leaked
not have_a good vol tage standing wave ratio
CatNré ﬁ'gﬂﬂeTh%gﬂlﬁg*éamerm@al B g4t evorssi vjitfathe aise oﬁ%)me antennas that
[ [ t [ fica t he
m{@ﬁg.”ﬁg? a %b%gtvo@tfagé gtgréd ﬁ%%{?(@gﬁ 0 {]\{ﬁ\%lﬁl g)\(/)vh no&sre]edkage of the
cagwp|5|ghaleat tandecmmeennwuttdﬁ thd gherprg\aﬁ)ir ihaigdifica®, the receiver input
[ is
s ERBRS 10t of ot Rt AGH G ifgt o e ElyBpst Mndiing Capabilicy

soaaﬁtuﬂhat\ecda.k bdekidagered tighal @VnBOESRIPRIPIOthéRischdg atn‘?pllfer gets
erate |n | ow gain node. This would require that
%Eit%’r FHghess the e mete powifies ltf5 49 opeihie lbéovptgslhenlodeo Triewould

reR@S R angodtyadeSe réJélvng Bﬁréll] f@égﬁsheh ottlneebacszé‘rbgl tsta%ee?

si gnal | éakage 1s signi

cetyir sqseh.af theGratreer wigmallehlonge mosi grefe’anﬂb/laﬁv&se &lft mhﬁ fotl mwssnble
art methods enpl oyed to

recei.ver r
0 ggegaglggr@%tehmp s tt}ﬁ%mggtssgé’& Okfeer(‘icei)\xetrh the carrier
si gnal Ieakage |n RFI D applications are descri bed

bel ow. hod i nvol ves enpl oyi ng phase shifters
SOQﬁd"QﬁﬁFﬂ?ﬂggﬂd%mﬁ%%?NBWVEC?@QﬁW%mP@e@é@Smawéﬂgwgméwgmnwr

SIgﬁil 1ARa AR ﬂﬁllﬁ%bh@a‘t‘n@ﬁs biid &F&%Hngel?ﬂas(?ne'ﬁnettlbod involves

| eaked carrier signal to cancel each o
employinghass sha&qrsaamdt mlntmobectammnmumchepaamsl woalstoffiehe same

amEﬁl%Q%: H&t 0%308I1$ %Q&% PJ]%SE% Ié]d I:agregr sal'gnrgb &%cngf:ei,l 863} %th?r However,

equal 1| Z1 erren I'ng
thed@scdllytlandmac oznpbtea(chlGﬁOetl depundt be threbsluticH bf 1HBtphast dhSfter and

h | ock | PLL) technique to
am{)lotug151 ey 1zm§a? Fqug? @?paﬂagn%‘ngaq%g §$r5WEF) rseqjgﬂbragfi ecogiplex. Yet
ancﬁlﬁm)prlof art AetHodak efmeiay dise OF a pheydabekt l@oﬁ?ﬂﬁ? eéhlﬂ%eﬁ(?o rack the

ame. However, inplenmenting the PLL
CarBFfa%%m}l leakage and repeRgyale meenyr efcthe derdted @glen:ersegnalotm m‘ncel the

o S oGRS LSS S50 SO Wy i
accg@bgta@chtegaidrguomqulgealamd] oppositesitke &id Refel W liARR9&5Hy and
confflex.

Therefore, there is a need for a substantially simple and more cost effective approach to
address at least some of the foregoing challenges caused by the carrier signal leakage in a

modulated backscattered interrogator receiver.

Summary of Invention
Carrier signal leakage suppression circuits in modulated backscattered interrogating
receivers are disclosed. Accordance to an aspect of the invention, a carrier signal leakage

suppression circuit includes first and second diodes, the first diode being coupled in
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25 address at | east sonme of the foregoing chall enges
caused by the carrier signal |eakage in a nodul ated
backscattered interrogator receiver. Sumary of
Invention Carrier signal |eakage suppression circuits
i n nodul at ed backscattered interrogating 30 receivers
are di sclosed. Accordance to an aspect of the
i nvention, a carrier signal |eakage suppression
pa€illel but i I’dfbbd}@@éﬁ pbiaFig t@rﬂﬁje S&eAN ] Qdeogﬁ‘%rmxl&e al fifsSHiode pair
di ode being coupled in 2 parallel but in opposing
arigpgement.y Thg ceiist sigpahigakpige gapnressipnosiicds farthdrrigeludingdesecond
|
iR foir SRR ERRETE ecd D FREE ot kMM BACERBRameM: ode
pai r arrangenment connected in series to the first

arrange t. 5 Accordi.n t her aspect
Ag?%g’%‘%aaﬁ%‘ﬁ .%’ﬁg rﬁ@eaWF%P“s? @?f&ng Hignpl i@@g agg PPPEsEpHgircuit
inctides irgt, secomd, alebarfd fosfth dsRieQNkk fitshhkdseaBsd Bi%Hést Being coupled

. di odes, the first and second di odes being coupl ed
in serissde qagh atich apd e Patafiel hui ipAPAesiEd polatityi te the ploisd nlgd fourth

dl&fés ,80Hebdin tHR thlp(?aﬁchfo'hgh %@eJ t?éfﬁ% Bﬁzd %j Seties Yglgarcﬁl t he

hi'rd and fourth di odes bei ng in seri
each ot her. 10 According to another aspect of the
sel ec carrier si | eakage
Accgr\ép egsggﬁ%gf racsz%elci Olt}J gﬁ uH]é’gntéP”siag%%?“?@%e?a”deét &igng)r leakage
sufippessidet @atuitngclubes at di sl'gﬂﬁytlbve(l)fde&@torlfGPQ]@ie@lQngS'tl‘ién@tlrengﬁ] of an
lnc;é)?rocessor for receiyving the detected swgnal strength

degpslghﬂ df REPCESSOE &t r,cgﬁlwgg éhfaqietepéeq e rseemgih rod 1pmy|dmg a
cordﬁil@?gh@ldco?ﬂe%lﬁﬁh r@ttf)f?ﬁggé?ccté% dif a?tstr \#‘ fhr&"%é»ﬂ ﬁ%ou;g)led to the

the signal 1evel” detector an
signzlrlgyel deigptar andippineyspohota rﬁchHStgnalamppasssecomdutlEnd a second

v of4ple uf port of the.first .si
s vi%ﬂp%&%&%ﬂl %né c?Lr’t Qe ?&t %ﬁ'ﬂpe ¥’ sp gnaldsupgrgasa)%cgw & C%E% first and
secane sy so asd mepdnelvb he tl&omhl’rsl sigiag fidn fhe PRdIIeBRr. The first signal

R A T A

parblﬂi&lrbgt RQPPbLAEL | pcﬂarltg% flels8lonBUiodeN OppoOsing polarity to
t he second di ode. 20 The sel ectable carrier signa

| eakage suppression circuit further includes a second

Thésdt@ble SHRR' §S9I Rk S u fhee he f
and second Swi hes géFhngglrg%Sgog]dascuq (34eh ers!ih eé§s‘°168‘?{‘d signal
supgiesgien cirgyic Fagpdesl bitwedn, thedfrsnahd :teh@rfcﬁsxﬂn%eﬁ oqm@h_;econd signal

h rst -and sec es being coupled in
suphsPIEE ekl o3t RBT RN e Ferhpdsin tsppssprsccond
dioghes|bainigtepupled i&ries to each other and in parallel but in opposing polarity to the
third and fourth diodes, wherein the third and fourth diodes being connected in series to
each other, the control signal at the first and second switches being indicative of which of

the first and second signal suppression circuit to activate.

According to yet another aspect of the invention, a selectable carrier signal leakage
suppression circuit includes a signal level detector for detecting the strength of an
incoming signal; a processor for receiving the detected signal strength and providing a

control signal corresponding to the detected signal strength; a first signal suppression



" 10

20

30

third and fourth di odes, wherein the third and fourth
di odes being connected in series to 25 each other, the
control signal at the first and second sw tches being
i ndicative of which of the first and second signa
suppression circuit to activate. According to yet
anot her aspect of the invention, a selectable carrier
signal | eakage suppression circuit includes a signa
citcBM avidetiSsik Qhd fogfpug6&%‘3ttl'lé"gnpﬁth;%rtsflﬂ'e%m@ngfco@;ﬂed the signal
i ncomi ng signal; a processor for receiving 't
leypd deteeted fasi rgeraying thesingaming signpl: end enﬁms; sa/ltcbnompi¢d to the output
| ted s str
po?ﬂ %(U% f‘Fs?E ﬁﬁ%ﬁg&e%?oen cgrlcgﬁgn(ggé §§ Fe ?nshaw he ¢ Sro?s%r}ﬂlj from
thotptqnﬂssopoThesfrst h@nah pupiprgasivh cirbeir eoﬁqpbﬁh@g‘rgomdl €dodddiodes
el detector for receiving the incom ng
W%‘%faHi‘wq P%fﬁa"oge e CosRiet A P&f@[lﬁ R 17 BPRETEISRAIFEY 10 ﬁafr%econd
diede.t he first signal suppression circuit and being
responsive to the control signal from the processor
The first signal suppression circuit conprising first
TR 56 f deR i
coupl eggp%nggggﬁﬁlé %@gsaﬂﬂagggs‘ﬁgﬁgﬁﬁE?”F““% %ﬁmndsgnm

sugpressieh cictugdieying fuepus ehde ottailnl poris athe iirgiut porg ﬂ&lredfébaklggeupled to
incl udes a second SI

SS|on circuit furt
g SRRHSRE Sieflof:Clildte pebidh Mt ER PERodtE BLPoneet OF Herscond
signapstippResibn therieafd henhdespadpked tl{eocongrgl § Eﬁal 91%0%"@% processor.
| evel detector; and a second switch coupled to
Thsregand et swmprespien sEewhinclidgnArst, ssemﬂeé\sndmmdo‘pm@udtodes the

firthgh P &dcBRd rdﬁﬁi@?%%ln onog@lehhn‘ﬁaﬁ%é 1Qlead! Rl 204 %n ptarha‘ﬁel but in

processor. The se pression &y é
opperthgiprderity ite He, thisdarshityrth ulodeis a/fhdrefrotlhe tmrmhndcfesmh tibees being

aiﬁéi“]éqgsg%gcnqhdlodes bei ng coupled in series to
In paraIIeI but in opposing polarity
to the third and fourth di odes, wherein the third and

t h.di. ode 15 coupled in series to each
Brbﬁ(}ﬁféelsc”lgr'qne?fst%?6?”:!’(%3on of the Draw ngs Enbodi nments

Enfodiniéitd BY @el in@Bn @inCarB &efii dE&SIBEL, BRMely RHT RhY o7 .
of exanple, wth references nade B%g% gﬂgcé%ﬁggﬁﬂﬂﬁe,wnh

‘efS'fea‘&ﬁSrﬁ‘@éie tp fhe\ismpanzgErayings, instbiak: a si gnal
suppression circuit according to an enbodi nent of the

_present
Figurel shows a signal suppression circuit according to an embodiment of the present

invention;

Figure 2 shows exemplary input and output signal traces of the signal suppression circuit
of Figure 1;

Figure 3 shows signal suppression circuits according to alternative embodiments of the
present invention;

Figure 4 shows an interrogator receiver according to a first embodiment of the present
invention;

Figure 5 shows a two-stage signal suppression and amplification of an interrogator

receiver according to a second embodiment of the present invention;
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invention; Figure 2 shows exenplary input and out put
signal traces of the signal suppression circuit of
Figure 1; 25 Figure 3 shows signal suppression
circuits according to alternative enbodi nents of the
present invention; Figure 4 shows an interrogator
recei ver according to a first enbodi nent of the
present invention; Figure 5 shows a two-stage signa

FigWRe Ry §2Wsoh 1ﬁfé§jro§‘m91[ tekLicat éc@@rdﬂfg @ dhith %Hb%?ﬁ{uﬁg of B present

recei ver according to a second enbodi nent o
mb@é@eht invention; 4 Figure 6 shows an interrogator

to a thir odi.ment of the

A9BSR B B URTRE AR Bhb o prsen
invetienyvakd according to a fourth enbodLnent of the

rese invention; and 5 Figure 8 shows
F 'EWFé“r %@”&ta&r'“Peéfeé?t%FeC%ea%fo%C&Prﬁ@gt § Hfifth fefTWOéﬁ%a Pt present
inddntibhe present invention. Detail ed Descrlptlpn of the

I nvention: The invention proposes cost effective

approaches to address at |east sone of the inpacts 10

Let: si I e has on RFID systens in
Dl Bk il PR PR e o recelvers 1n
Thgeimeangibn pidpesappsioetdte appvalche wakirgs atdeasoforid6f the impacts

f t Ss, or attenuate
g HATeR S8R GERBEe B an bEICE SysdTes TE PR ar B difeel conversion
red¢eiNe®d Fr0geHefdl. ﬂ@a;ﬁﬁ@éch&#ﬁ%o@f& rﬁehéir‘né ﬁ@k&dth‘éaiﬁﬁér@ﬁt property of

signal 1's significantl é greater than that of
diedegnigl syppEssk st atifcapatd G grenlituder ah aileaked oarrmm sagnal from an

mtirefraga?&mwgﬁmpmwesoittlﬂg lesak&pg'alm&ts thhfls%gmf%gﬁ% c%rﬁf)tﬂ @F"}]g‘at of

rogator recerver is a
th@ﬁlgndie(bwmatteredl segﬂaa)gteansmnt@dwrorﬁ raamntstbntm_ﬁ olgatighial at the
er nd t he nodul at ed backscattered signa

ol pE R oA o BB T Eh-DB0mPIES Pheresn eakage
sighebtomhRs imerreiattd drafdm iSUPRTIEHS inlt@ulahd baakRhitdréd §igRfl fAom the

traggpgﬁ $rl teal?olxxgnn?rll 2c(:)8ntTﬁcle Tlgvrg:%tlc?nmdlgsctrllggs laerﬁgtﬁgd c2)61}rsrulp;(;:‘rreSSlno the
amplitude of a composite signal containing both the leaked carrier signal and
backscattered signal at the input of the interrogator in such a way that the amplitude of
the carrier leakage signal is suppressed without substantially reducing the amplitude of
the backscattered signal. Once the amplitude of the composite signal is reduced, low
noise amplifier with sufficiently higher gain can be used without the need of high power
handling capability. Further, handling signals with relatively smaller amplitude enables
flexibility in the design of the receiver architecture whereby some of the gain
requirements of the receiver can be pushed from the IF or base-band section (i.e. input
stage of the interrogator) to the RF section. Lower gain at the IF section helps to
minimize the problems caused by the DC offset in the direct conversion receiver

architecture.

Figure 1 shows a signal suppression circuit 100 according to an embodiment for

suppressing high amplitude RF signals. The signal suppression circuit 100 having an
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backscattered signal at the input of the interrogator

in such a way that the anplitude of 20 the carrier

| eakage signal is suppressed without substantially

reduci ng the anplitude of the backscattered signal.

Once the anplitude of the conposite signal is reduced,

low noise anplifier with sufficiently higher gain can

be used w thout the need of high power handl:ng I

I I [ |

nGARAR 102 g BCHLRL P08 ihqIRUE, (B0t 108, 48! Bl dercd in
paggllet that ireoppaseng aplehin m:tanheot\hher dhy dodme @h behengaommonly

ne nts _of iver can be . p d from
v% ble glégésel anlagglencél g%s a(ngﬁow% Lﬂltag%{hé)é%s e['nccerwélg RFhSIgnals
@i. e e ecrmp):gaé oighal) at theeinfRft ppaICORqiss evvEh tBi@tvwo atodbmod Eqd 108
mnimze the probl ens caused b

hel
N RN C e O
is @rsrghhltt%‘éé Q0@as sHOwhi 8 ¥ Rird2 SIRVG o & Mpé)?ilﬂ@ﬂér%%blﬂﬂnsmg of

circuit 100 according to an enbodi nent
the gyypeekekasy snﬁrvgharairﬁiem@éat@l:bmkgmtrsd signel whighas significantly

sngaﬁgrprn dﬂl%‘decéd’ngﬁé{é L e Iagerllern%gEla{lr\ms%mappjTl]e E%%tl nlaa%ib\gle of

4 I'ncl ud odes
the BR rs%nhleZDOI massep arralghadiodrul06i whitzppe ségag v rd] At yicl eyoﬂtﬁe RF signal
The, dj can be onmonl y . avai

ch d
20 s bt 4§ ‘:&% e@%&%@eawgerﬁwfaf%&rw 105@@ ioas, high

anfpliadRSsig da[&@d%"&s@ﬁal%r&ﬂ@bﬁesg&ﬁdl tcﬁt}ﬁ%ﬂpz?rﬂtb‘?asshgﬂgé bf the
at the 1 nput port 102 pass throug he two di odes

digdegAmpliron diqdgunay e |aﬁywﬁﬁéw©@8$éid0m1¥f &7 yolad. sinahis case, the high
n@lglﬁfgtcalﬁgglegﬁ%c? @El Eég%alﬁedq%vﬁr{?hggmgq% p?ltudﬁzﬁalisgattered
S@nabmhﬁt@mnaﬁle uph ffeatd. c Sigaali tmca@S@Jﬁs shiohve 6 &idure? sl{\/\cﬁ,@é?%ample
ted backs tte ed signal ichis
orBePrieSR A S Bt B Sitainet MRl uEhESeptepres amreut 100
Thoankd sipndl ea}s;aggm gralit. 100he@mpos&s £Ipmlohadffthsyéﬁ1lpﬁtdate of the RF
e ign 200. passes through di ode 106 whi
S‘%ﬁ‘é‘@zﬁ?'@i’ ﬁ’afh‘e R‘Vttlvé 2 nagatiRreysieg ridrting fregpa p’!asfs@é? reference
voltideQqligh di ode 108. Due to the inherent characteristic

of the diodes, high anplitude signals have a signa
drop correspondlng to the forward bias voltage of the

If ﬁ.l[ 91%?9§ gﬁ‘%l ngpe?ﬂo Lo ggedngythgasﬁgpr%st pélgcﬁ.lﬁl L{:@? %edcrascgaded

hi S°C&Se

Th(sallsrpaerculwakmﬁﬂsn ghadtionSwigdré eeuadreet sh?ﬁ |lé§191§1éé"'? sublstantlally
substantially

b P S Packess ored, ehonal subetanl el Ty
alt&hane e&[bo@?ﬁ%ﬁ@. €The signal suppression circuit 300 includes two pairs of diodes
wherein diodes 302 and 306 are connected in series but in parallel and in opposing
polarity to diodes 304 and 308, which are connected in series to each other as shown in
Figure 3. The signal suppression circuit 320 is a general extension to the signal
suppression circuit 300 having n-pairs of diode arranged in similar manner. The number
of pairs of diode needed depends on the magnitude of the carrier signal leakage and the

desired performance of the receiver system wherein the signal suppression circuit 320 is

employed. Suppression circuit 340 is another alternative way to cascade the suppression
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15 of the suppressed RF signals at the output port 104
of the signal suppression circuit 100. Thus the
signal suppression circuit 100 renoves a portion of
the anplitude of the RF signals fromboth the
positive and negative cycles starting froma zero DC
reference voltage line. 20 If further signa
suppression i s needed, the suppression circuit 100 may
01Q§1t@@§C%ﬁ*ﬁﬂarly,?hbﬁeésﬁmﬁﬁfcﬁh @'éb"i’sr!i%t%? &fttthadivk @5% HALdsQfe the
where the carrier signal |eakage is substantially
supprgesiorgipyitd 08. shows signal suppression circuits 300,
320, 340 and 360 according to alternative
enbodi nents. The signal suppression circuit 300
Flgmeléudlﬁﬁwst sveapk rsignafl ledkapdesuipprebsidreamhitkioagdeiseédzh anflodulated
are connected in serles but in parallel and in
baab%%ffrﬁ% TRt rPeayver &0 a6eRIEIng g 28 rfanbaggnenin{ s regeiver 400
inEIRAReMt Aferind 4921Cb8Sled & %Sﬁtld?ltahﬁku?aﬁorsm\’vﬁ HaRd-phdsOile® 406, a
3. The signal suppression circuit s a geng
supRicesiy eifruitodG8he lgivgreade ansplidisr élsTsiA(‘ml@land: @i do“BGQDnverter mixer
#%%hgg n-pairs of diode arranged in simlar manner.
e nunber of pairs of di ode needed depends on the
nagnltude of the carrier signal |eakage and the
esi red.per.for ce t he receiver stem wherein the
T R E R e B cticE B S8nE SRR Gywen cireuits Shown i
Figuppriessd N Thie! upplessdd cirduin @08 heducal tes 'Eﬁtrl'ey Qea‘l@ye KRnal as
cascade the suppression 6 circuit 300. Simlarly,

cxpl3)5 d8 sheoferegornguiThug gl prplinde h@RFéllgnélsrﬁétﬂilG\/@PME)ththﬁ LNA

41@%%8 ‘?\qﬁertsbage 4%9'392" §1|d91r£1b 15\%‘9 chIJSQQSUItFlh g%»@er‘bé I'(B? ¢ voltage
carrier si a e suppression architecture

atithe cutpm ofi ket red<er55w|ba:<b Ks eratmeneedpmblteemfagmanr co’r@eSldn&Ecelver.

to_an el.ver. 400
A BRSSP b R T Tk amp D, R i thk e LA 410
cagi bec wpatrd 404, a aqlgiaiﬂdgdﬁra&&tlfduk tiRingd Qfiver int USHRNBSSH @breby
. circuit 408, a |low noise anplifier (LNA) 410 and a
‘mﬂﬁﬁﬂuhtﬁ9§?ﬂéﬁ”ﬁWi@?““§W§ge 412. 10 The suppr ession
circuit 408 can be made of anyone of the suppression
circuits showmn in Figures 1 and 3. The suppression
[ﬂb$m@uhﬂbﬂm82rsﬁndé§CwnmtwawcnEMngdémagergmgnahea&bhnnMUph

_ f h I d
sta?é@%@: lgee%teb ?/?]éeclg?dlrrl)%{ : 8#'[]6?'}%% Rmboél ﬂegngﬁ %Htpgxé:gsngq g‘léréut 408

codﬂ]ﬁlgabethetbm de0 abhfyguraarcan Hei iepdatRitletuliif th b @WELtabsignal

of f set V8| g
suppression and ampfification configuration 500 as shown in Figure 5.

Figure 6 shows a carrier signal leakage suppression architecture used in a modulated
backscattered interrogator receiver 600 according to an alternative embodiment. The
receiver 600 includes an antenna 602 coupled to a low isolation circulator coupler 604, a
band-pass filter 606, a directional detector 608, an analogue to digital converter (ADC)
610, a processor 612, a selectable suppression circuit 613, a low noise amplifier (LNA)

624 and a down-converter mixer stage 625.
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at the output of the m xers, which is an inherent
probl em of a direct conversion receiver. 15 Another
benefit of having a substantially |ower anplitude RF
signal is that the LNA 410 can be operated with a
hi gher gain w thout being driven into saturation
thereby inproving the overall receiver sensitivity.
LNA normal Iy has a specified output power rating. If

Inhh@heeiverdson, e drsiidrRPiGedibd 408A% 8 sigdQ l§\t/e?9@éct%@nzvm@n provides
used. Accordlng to an alternative enbodi nent

a Bipypeles iparpogtianglifa th&egeng’fb@mmgarw tignal LerqlsamoThe ADC 610
r | | a

CHOL W 0T SR P RRBRAT, R BB 0134 en

thg @@ocessos I’ﬁ:i\ZJnCintrol-Tnguﬂ"le slecbigusuppesstrowsrcait GaB rfoerelecting an

PR U OB b ol e BAP rUPR BoR LB B o RF

svalehey 6lidnghdta22auplel & maaﬂrégeo@@@dwp‘g%sno{f BRcuils¥18] §RL 620 as
600 |ncludes an ant enna coupled to a | ow isolation
shewp dpiFgust 6 c dhipiedrt 6wnchea61%anm6%?a§§ cpitreliad b0be pepcessor 612
t lo a
togégﬁgg rdtngp(ﬁ4 thg%ﬁgelﬁggﬁd)’p%é?m? %@é@%‘gr gate %egéq%lntgt L%lthe detected
Stlgugibr@s&be aarresr rsigriat G kage. aTh@wrcmessee 6&12rpslelef:usethe (nubdBEr diodes

conyver.ter Xer In th
g e IR ST bt BieRrisE o e B Onafe, S@ngjim the
AD@V@HO detiectarier yihat NeaRb @V isd@Sng ahOutpdt bRGE directional detector
|onal to the strength of the carrier signa
q% 1he PRESSS®I (12 cievs rpaximpmsnunebey of wiggles icpmbination to

re@&@rtﬁegﬁ’rﬁﬁldth@egomhg'léﬁled %blg@[ala‘llgﬁzﬂd i 8898l Geakd ﬁofs%w RV, the

to the processor 612 contro ng t e selecta
Pregepior évay i gptect arsegniat p8h D16 ovitlet enyt divde an shovapjor Bjpuieat.e This

1m§%&%%§1§%?§ca%lalgl% %If selec%{he t eLLJGrrqlge?%fe%esrg%ﬁl?glﬁ)ae%lgéhe described

Ircult SWi tC
coobghiéth bosedmnahe ayrriet siinginikhkage Fpr e@Sdpdimuet heMbrinsance of the
616, 618 62%9@8 shown in Figure 6. These RF sw tches

InEErqgalorfeeeiver control l ed by the processor 612 to

enabl e one of the signal suppression circuits to
operate dependi ng on the detected strength of the
Figge (/i sbpws jagy sample K ag e xtemsien pf theadrsupgBaresebvecid dftfagure 6

wlﬂ:me&e diied B%g&wa;(g% t%l tI:1]<,§rec())tpI ﬁrerls’lc.{anlgi%qi](ijﬁlté)vd]wltlple

the“carrier he Sig
SeBm@HeB@thepmaammemQ$sgnal Ieakage |s strong, the
out put of the directional detector
Figure 8 shows an interrogator receiver 800 having a selectable suppression circuit 810
according to an alternative embodiment. The selectable suppression circuit 810 includes
an array of suppression circuits 814, 818 and 822 and an array of switches 816, 820 and
824 coupled to each of the suppression circuits respectively as shown in Figure 8. A
processor 812 depending on the detected strength of the carrier signal leakage controls

the array of switches.

The present invention is described in terms of particular arrangements, elements and

methods for convenience of explanation and is not intended to be limiting. A person



608 is high and the processor 612 sel ects maxi num
nunber of di odes conbination to reduce the anplitude
of the | eaked carrier signal. If the carrier |eakage
is very low, the processor nmay select a signal path
615 wi t hout any di ode as shown in Figure 1. This 15
i npl ementation is capable of selecting the nunber of
operational diodes in the described configuration
SKPRRIGH 1Rl WAl GREFBE badedRlihd &RKAGRNHREei] Gt @Q%kfﬂ;yﬁ['lnventlon
performance of the interrogator receiver
applightsnethemareanaaplets ohoaes eX tesmeintnandf Othﬁemﬂﬂht)d!’( thag atcomplish

suégtgrgt;a\e{lg kalleg%g]m rIe%JJ : 9%E§%anglﬁe$ th\é'h e%g k‘%ésg @t g}eo%i?%e of the

prﬂ&tlnt dptlesurs & pattaliedisitgin®l ths uaqanegs/bmme&tragﬁs malil@Uh&lified
ows an interropgataqr receiver 800 having a

ngé'f‘é S&BP%”@LF{S‘HI"@&E the apeended glagms. accor ding to an
alternative enbodi nent. The sel ectabl e suppression
circuit 810 includes 25 an array of suppression
circuits 814, 818 and 822 and an array of sw tches
816, 820 and 824 coupled to each of the suppression
circuits respectively as shown in Figure 8. ' A
processor 812 dependi ng on the detected strength of
the carrier signal |eakage controls the array of
switches. 30 The present invention is described in
terns of particular arrangenents, elenments and
met hods for conveni ence of explanation and is not
intended to be limting. A person 8 skilled in the
art will understand based on the description herein
that the present invention applies to other
arrangenments, choices of elements and ot her nethods
that acconplish substantially the sanme result in
substantially the same way. Accordingly, the scope of
the present disclosure is not to be limted to the
details given herein, but may be nodified 5 within
the scope and equival ents of the appended clains. 9
Claims |. A carrier |eakage signal suppression
circuit having an input port and an output port
conpri si ng:
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first and second di odes, the first di ode being coupl ed

in parallel but in opposing 5 polarity to the second

di ode to provide a first diode pair arrangenent such

that an 1incom ng signal received at the input port
resulting in an attenuated carrier |eakage signal at

the output port w thout significantly reducing the
anpl i tude of the nodul ated backscattered signal. 10
CRimsThe circuit of claiml further conprising a | ow

noi se anplifier coupled to the output port. 3. The
I.si grialcasigp prakags sanadisppipssionf cicshiihavingfanr inhetr port and an output
i Si.ng a second di ode pair arrangenent coupled in

Wﬁ@?@ﬁték%-the first diode pair arrangenent, the second

di odestpaidrsecdrs divdeanthe rfestt dicdentping ¢duglddhinrpdraaledbitab fopPosing
Qiqd s, the tﬂiﬁd di ode q% n%_co.pled in parallel but
POyt %Sﬁc}é? S50 HPHG {° PEVIdRed FUSh 199GIiPaH At SpPER)i ish dhat an
in&RGiAREigHhlae&iRaAiat thedinpud poitFealtingURBA 88&IMRd GhrreH ehkage signal

havi ng an input port and an output port conprising:
atf the sQUIPW eph otV ithawt rigratierntly et e ing dgﬁssﬂ,mptll ef pf ghe amailulated
basRCARe Aligdes being coupled in 20 series to each

ot her and In parallel but in opposing polarity to the
third and fourth di odes, wherein the third and fourth

di odes bei ng .coupl in series to each other, 5. A
2. Gor SRE TS G Cibies SEMBRS R A it p Lisiougled to the
ouglugpeate. | evel detector for detecting the strength of an

incom ng signal; 25 a processor for receiving the

detected signal strength and providing a contro

sig LiNg: de ' trength. :
> P RN SOpRAdL TR S Pl AEUEP cPhlThe TeEEPE e pai
arrapgenzent coypled iposetieofo e flirststiodsi givadrranger@m essisesond diode pair

' it d.a second_.sw,tech, coupl.ed t.o, an.out put port
arrg#é’et%%él{ F?rﬁgrfSlr% té‘nhrglangG%U\F/)r\erheaggcfeshtﬁgItl]Jréiqui)c,ieabeglag ¢ Q}Efjl ip parallel
buaimcbppeg mnpolsniytte iesforeti digds RSPEvVIaE ¥ secbRd Hidge paIRt r Ol

signal fromthe processor, 10 the first signa
suppression circuit conprising first and second

4. di odesignall Bigpphdssivh _cﬁ&tﬂgl@avir@ejnqulﬁgkml Rdah Qutgﬁ'tr@lré c%lmpl?ﬂf;ng:
in gpposing polarity to the second gloée. . The
ci r &iftiseendg traidrang fpurth diedesc tpfirstsind gecand dasinsibaing oalpled in
serdd P ELHIU? afil Er{:bjelrgllel but in opposing polarity to the third and fourth diodes,

wherein the third and fourth diodes being coupled in series to each other.

5. A selectable signal suppression circuit comprising:

a signal level detector for detecting the strength of an incoming signal;

a processor for receiving the detected signal strength and providing a control
signal corresponding to the detected signal strength;

a first switch coupled to the signal level detector and an input port of a first signal
suppression circuit; and

a second switch coupled to an output port of the first signal suppression circuit,

the first and second switches being responsive to the control signal from the processor,
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5 coupl ed between the first and second sw tches, the
second signal suppression circuit conprising first,
second, third and fourth diodes, the first and second
di odes being coupled in series to each other and in
paral l el but in opposing .polarity to the third and
fourth diodes, wherein the third and fourth di odes
bei ng coupled in series to each other, the contro

th§'f9§13§1%rﬁt s&;;}ﬁesfslo'hs&rcﬁndco%?@ﬂg £ gﬂq?e%opc?'dﬂgies the ﬁrstldlode

i ndi cati ve of which of first 10 and second signa
begngmerplsd iroparelial bui n onpgosamg pcvmte fo the s¢vogedadtabl e
signal suppression circuit conprising: a signal |evel
detector for detecting the strength of an incom ng
6.si g%e;ci&uhr@:fcdsismﬁ fustherr e@epsirtg atseeordesiged eldppiegiad circuit

str th an iding a control 15 signa
°°86'F$ g’ga‘éfﬁai ﬂ tréf %fh*e eg%‘fqeé‘t"éﬂ‘eé’l @ﬁaﬂecgrtdr HBRR! upRressiqns gircuit
cofiip@ifiak SreDREENRI AN iah§ UblriNAWIBY R Qf\'bds&%h@%lodes being
ports, the input port thereof being coupled to
coyplghil s¢rieydp cay @tg@roqmdflorparaé@bbwtu nngapphseng ncl@mynrg the third and

foﬁ?lgalﬁhes @vrl])greﬂq h'e tﬁtrd §PM E"o%pthca‘?c%%s %gm% co%lp OUt 1&% It{Peac}) other,

pression crr
thwespmmsgudzﬂohtﬁstammsﬂmhdswga&hb%m@nhmhanﬁnﬁaaﬁQObfmef%a
i rst signal .su pressi on 20 circuit conpri sing
angS?@Pd§§8m§8&3ﬁﬁ“ﬁvgﬁégu’Wﬁ@a?1rst di ode bei ng coupl ed
in parallel but in opposing polarity to the second
diode. 8. The circuit of claim7 further conprising: a
7. seccﬁﬁf'@iaﬁl‘f‘aﬂ'g@u&mpé%ﬁél%ﬁlr@}ll?%lmmlsfmaw ng i nput and

OUt RUtenROELS 'de{eeve JPRUE R the stge% NS89 coRsh ngg, eﬁUp' ed

to the signal ete or; a secon

Coupl [dcdssort ﬁwe rcnsﬂ\pmg t}paodetecméd tnlg&alSﬂxfeag’td sidgpraliding a control
ressi onsive to the

sngna OrTE pon81r111 c] C ea l y 8 Eesp
con S gﬁa‘f }\‘er St égBPo%g g the second signal
SupprfﬁssslgﬁhlcsubﬁﬂdssﬁorcGHWﬂ Bavivgs friplbtind $86ANHortd, hhé Ghput port
fourth djodes, the first and second diodes bei ng
“‘e&ﬂ% BFiBg cpwpledio té%Slg@)a'é%*(@hdf’cs%qﬁ@rfoarﬁaelwﬁgﬁmlacwlng Isignal; and

0pPRFiriGwieh %!')uﬁlé’d {cQnt Iaﬁtpg %Jrhbtrtﬂ elgﬁylrstugar% s(?%n Jircuit and

wherein the third and fourt
beigg rppengive teshehcantiobsignallfren thn pravessor, ctgatf‘ms“t mgraelswmfressnon

cnr&ﬂmrﬁpsrlsﬂ% first and second diodes, the first diode being coupled in parallel but in

opposing polarity to the second diode.

8. The circuit of claim 7 further comprising:

a second signal suppression circuit having input and output ports, the input port
thereof being coupled to the signal level detector; and

a second switch coupled to the output port of the second signal suppression circuit
and being responsive to the control signal from the processor, the second signal
suppression circuit comprising first, second, third and fourth diodes, the first and second
diodes being coupled in series to each other and in parallel but in opposing polarity to the
third and fourth diodes, wherein the third and fourth diodes being coupled in series to

each other.
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an antenna for receiving an incomng signal; a
band-pass filter for filtering the incomng signal; 5
a signal suppression circuit for processing the
incomng signal; a low noise anplifier coupled to the
signal suppression circuit; and a down-converter
m xer, the signal suppression circuit conprising any
one of the circuits of claims 1, 3, 4, 5 6, 7 and 8.
10 10. The receiver of claim9 further conprising a
circul ator coupler coupled between the antenna and
9.t he AhiNtI94819r facpiverrcomprisingn i nt egrated circuit
struygt Wylef ' ogat or,. receiver formed as a
- par%ﬁaye@?%@?f&%H@ﬂ%%ﬁ@?&@g%gbﬁ&receiver conpri si ng:
15 arbaadrpessridtef dor filecieg tHerigcomring sigeat] ng si gnal ; a
band- pass filter cou 'f for filtering the incom ng
si griargna “@Pﬁﬁﬂ?”%ﬁ%@?QEQPHﬁS@gF%UPF“T%ESﬁP@eeSS|ng
t he 2l 1o eBise @mpligeadoupRd k@We RRhgI&suARRRLSid @FcuftOHRl ed to
the signal suppression circuit; and a down-converter
i x @rdoWnheony ergg AN ixet bisreengl ippedssiencircwbeampresinggenarmye of the
cif@lhs Hleidkif 1, 20,614 6. of claims 1.3, 4,5, 6. 7 and

10.  The receiver of claim 9 further comprising a circulator coupler coupled between

the antenna and the band-pass filter.

I1. An integrated circuit structure having an interrogator receiver formed as a part
thereof, the interrogator receiver comprising:

an antenna for receiving an incoming signal;

a band-pass filter couple for filtering the incoming signal;

a signal suppression circuit for processing the incoming signal;

a low noise amplifier coupled to the signal suppression circuit; and

a down-converter mixer, the signal suppression circuit comprising any one of the

circuits of claims 1, 3, 4, 5, 6, 7 and 8.



