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A LEAKACGE SUPPRESSI NG CIRCU T The present invention
refers to a | eakage suppressing circuit, to a

we ersasiyendi ng communi cation devi ce and to a PCT/SG2007/000057
correspondi ng nmethod. It is conmmon know edge t hat
antennas are YSEEAKAGE GtJFPRESSINGCRRLUAN
technologies. It is also known that the use of
mul ti pl e antennas provide diversity and hence better

rf n t S ion
TS BAAFR i Forgofir 8 SRR Rl Pl O 3
c@wesmdumg yompauricatimaeiicabnd o deorespoadimgrmetiodn! y
one antenna for both transmt and receive functions.
An exanpl e of such a comunication device is a

[

tReELFRG kbl ke TR dn TRl beifin WblpSS bidnmunication
tevbnoiogiesati ieralsteknaen tistriige asé pf ondtipistamberandsaprobideh

fransmt, and rec |ve unctions require uni r .
dERRY R We”%éﬁt Oéma@sﬁa?%atgﬁegxeﬁ%% @éﬁmentatlon
c@,ﬂgpjlxﬁ to separate the receive signal path fromthe

transmt si gnal path in the comruni cati on device.
Hovvever with any unit perform' ng the function of

t t.h th f the t
HORRRET e I9SueSiaR S ats pARb B, Rou'd Pohitmicioh eices
c§m9ﬂ§é oRff dShé antehPalfeEBbtarsisamehn® b dbivé fJHdﬁth eagai d

unit. As the power of the transmtted signal is
exgpple0fi suchi 3 Bemmunieationedgyiseis aportaklerrediel fregtiency

oRpfciuan G8IBT REr Bkl o SNBSS yrlERfndfe

cdkthmlrrﬁktm@inyde\f teusinglonficone antnneElpr Botniransrait bhy receive
rade the ability to detect and to process t he

fUr”éF BNS ERAUTey Hnit (w CIRRRRRINTY BMCh A8a chculglof or@directional

of98) Ws8pARt0td FAB o3 b BHESE: oot gheba i

theh@noinuoidatiobalsyibeon a vect or rmdul ator is large and

bul ky. In addition, the vector nodulator is

conplicated and the conponents used in the said

Hewevst, twith 8ny BAK ipefBrhmghtA¥$unction of separating the receive

- signal path from the transmit signal path, a leakage signal exists from the

transmit signal path to the receive signal path within the said unit. As the
power of the transmitted signal is typically higher than the power of the
received signal, the power of the leakage signal may be comparable to the
power of the received signal. Accordingly, the leakage signal may significantly

degrade the ability to detect and to process the received signal.

A conventional way to solve the problem arising from the said leakage signal
is by using a circuit based on a vector modulator. However, the circuit based
on a vector modulator is large and bulky. In addition, the vector modulator is

complicated and the components used in the said circuit are required to have

a high degree of matching (see for example [1]).
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a high degree of matching (see for exanple
[1]). Anot her conventional way to solve the said
W(p)rz(mbdlmis to use a Iurrped const ant networ k, PEI/SG2007/000057
conjunction with a single pole, four throw antenna.
Amﬂner canlenfiorg| evegntoesblva tfmd did ipsoblemgds to ase lhgnpted
ents used in the sgjd cjrcuit afe require 0
CAENL RGNk B FoBB NS iR Slpole BYler tUrdRENMpRBtensR) Again,

tﬁ@lnsplefrehtm@éme.sna@%f aRy khe céﬁEGnéﬁl%kt?éb% tﬂ@ %laud' aBCU|t

sol ved by th age suppressing circult

aferemureddo deiveraebighrdednee 0é sadching éseewfmmadtme [2])
claims. In a first aspect of the invention, a |eakage
suppressing circuit for a comrunication device i's

ThisopfoBRn BHSHE frorh ke %erdclebkag"é)g'?hbﬁg%oﬂ/e%! @Pﬁﬂe leakage

transform ng unit having an input for receiVving an
sHppiisssiB-SirgLit, device end suetbad asriefinedde el respestive t he

orm ng unit being configured such that
irf{eeRtoh! S

ase %N out put signal at the first output is
at Ieast substantially the same as or at |east

substantially opposite to the phase of an out? ut
Insa 'ﬁ%hasaﬁcft?f\éhgé&\@mlonuaﬁeﬁkqumewm@mr@mt

CBM |ca?io%'1fAV|c?é| vfd %h&ﬁﬁ%eof*r%yﬁ hfﬁargle(s aseigﬂgl

stantially equ he power
transibhelr@emhhh\nug antmpat for redeiving aalinglitregtalng fisstidutput

f t t d t d athird port,
ap&@ Sl s, %Lefnga%et?%%z&mmé?Laﬁi‘q%mm@ﬂm@ Sieh thpt

&hri Qutﬁgt tglgnbf §Fth@9fr§t 0 or l% e IRE %pgﬁ%ﬂg%\l a’ntarllles

be| ng connecte an antenna ransm
Sameaaﬁobrrﬁdmsllsu@star@iaﬁy spposite tohtbe pitaserd ;ancoutpabsignal at
t havi

B R P AN dwelr g ol el Bt b ek SRRt
|lelas BB SEMiNg Seftial td)merwowwfqné LA skl at iHS eI -

and the second port being connected to an antenna _
outpyE Falifetsignal disrcting umii havinga fmstdanfbuarﬁe@ndrwqrt aag iarthird

f | he, first
ot v Rt rOHE e Bl P B baClorbleid e
fmsh pod arodt theosfeddmel art beithgiopinattedi toett am@nHaifbr tramshigtihg

e coqblnln unit is configured such

S'Bﬂ%g{? ﬁ@%ﬁ?‘ﬁwg&'g'ﬂﬂﬁ e anigna; @ S@G@%ﬁ@”&' diregting
ublY hadd BdirshSors] H88torld PR BAG d hirdipdr! R second output of the

signal transforming unit being connected to said first port, and the second port
being connected to an antenna impedance simulating unit; and a combining
unit having a first input coupled to the third port of the first signal directing unit,
a second input coupled to the third port of the second signal directing unit,
and an output; wherein the combining unit is configured such that the output
of the combining unit outputs a signal by adding the signal from the first input
to the signal froh the second input, when the signal transforming unit is
configured such that the phase of an output signal at its first output is at least
substantially opposite to the phase of an output signal at its second output,
and the output of the combining unit outputs a signal by subtracting the signal
from the second input from the signal from the first input, when the signal

2
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to the signal fromthe second input, when the signal

transformng unit is configured such that the phase of
w@poosopur signal at its first output is at | eBGr/SG2007/000057

substantial ly opposi te to the phase of an out put

tréﬁ@‘ﬁﬂhm@turhtt i8 c@ﬁﬁ?’u e dWfchUthat tih@z%ﬁdé@ oTdnrolitpof sighal at its
onbi ning unit ou &msa& by subtracting the

frst guiput i aieasisubsianially mgame@ﬁ thRehesg R4AN Lt signal
at 't, %Cé)n:a ngtguty‘hen the signaltransforming unit is
v

ucth that the phase of an output signal at
its first output is at |least substantially the sane as

t he phase, of an output  signal at its secon%?ut
Intthlsser@h%werﬁnﬁhe tranismit aigBal patbiigalangghema ran@fﬁ? mﬁet of
I [
STl Bt the Pt ok I BRE b eAeforming unit
touthetfirstpdrhef therfisst gigmal obrfectmg uhity gt thé gaednal podafitey first
unit, via the sicond ort of the first signal
S'an@'&lf@%ggmtﬂo 3¢ AR enna. ‘The receive signal path
is along the path fromthe antenna to the second port

of the first signal directing unit, via the third port
Tloé rededve sigeal pathriablatigrtbetpatiy from thet antehea to thst s@eonat port

of ey ot rered Pt vindhe RERCRoR oL 1 bl bl QhePtp et

to'ReSir¥@npitsrahe fé@hﬂ)n"ﬁhﬁ URRPRY deasLithit dfitRe Icbiriining diml
directing unit. The | eakage signal fromthe transmt

signal path to the receive signal path, |eaks fromthe

Il TRt Brepaioi AR i i Goli gathark"®
seisarated gthe fi rtshﬁgh@IQﬂre(ﬁdg&Jrﬁtn TheWalctyersigisai$rarh ltml g h
the third port of the first signal directing_unit

trarsmil siesa! 99th trdhe sareiye sianghapth. jeakgdtamdng 8rsj, port the
flrjsf %ﬂ%%lfél:ﬁﬁ’iﬁ%?ﬁﬂ t8%4h& 'tl'ilfc!J Egrtg)g:ﬂ?ét ﬂe |§ éﬁﬁaf 8RRy unit.

era exact repli akage si gnal,
Aémrdnmattha gedeieed elghab\ehlshg:rmlses throaghl éhne tmrcbmraoﬁtl'te first
.cle recei ved SI for furt roc ssing. In the
S'Q%%reéﬁﬁgd*l%ﬁpo d kpihelga "f‘g? @”P akage si gnal
may be generated as foI | ows. The signal transformng

unit first ?enerates a replica of the transmt signal.
lllustratively, the leakage suppressing circuit generates a replica, pre erably

an exact replica, of the leakage signal, for negating the leakage signal, in

order to obtain a clean received signal for further processing.

In the above embodiment, the replica of the leakage signal may be generated

as follows.

The signal transforming unit first generates a replica of the transmit signal.
The transmit signal which will be transmitted via the first signal directing unit
to the antenna is referred to as the first signal. The replica of the transmit
signal is referred to as the second signal. The second signal may be of the
same phase or of the opposite phase as the first signal. The power of first
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The transmt signal which wll be transmtted via the
first signal directing unit to the antenna is referred
wo e008g037e first signal. The replica of the trBeiE8G2007/000057
signal is referred to as the second signal. The second
sigh&inaby Béméé?le/cé‘qdam%ré@i‘%@é%éé‘tl}péq@él i PePURS dfthe
phase as the first signal. The power of firstsigna
seaapdisignalar | y equal , preferably exactly equal, to the
power of the second signal. As nentioned above, t he
| eakage signal is generated by the | eakage of the

A$ nigiitionedRbove! 8@ Ibhkadd sighalisidenefateidyfthe s¢aleigerdtlthe
directing unit to the third port of the first signal

firg sigpal fn@ndhetflrstm@rb@fdbe firss sg@"rﬁiﬂateétm uesté@ther@md Ryt of

G SRR it 4P, LIRS SRS bRplca o

lebkagd signbl ysingaled bgcdﬁtﬁs@ﬁﬁl&lhe:smhﬁd anamwm bdae
first signal 1s subj ectedto Inthlsre%ard r%t

sybiected de ﬁun%arg(ﬁaﬁfefa? ekl tRe seme) condt nadﬂncfa fhe

directing unit preferably having the
Slégﬂggghlﬁjr ac er| stics as those of the first signal

directing unit. Preferably, the flrst signal directing
and, the second S|(ﬁnal di re

in{BiseBRL sty S Sseonchaguakie sBlecY bibssraugh 3 goond
s@ﬁélmu‘@’cﬁg\@'dn@t%réfé?éﬁy h%'i/lr@(’th@ s%rn?e @hé%ﬁér@ﬁé‘é as those of the

oupl ers are of thée sangé nodel art nunber) and
flm’as'lgnarmr@camg i, Prefpeahly,|tbatfnrﬁmgnal iregfiagrpni and the

STpRtal eSS LR, eBb ey SRt 47 Spb T iEe (orone

e>€drﬁ;ﬂl@| béitr et dir@ildiorst or Bsthserendikstibhal ddupiérsyigeal the
when It enters the second port of the first_ signal

saine mdeiéounartt numbes) angbavgithe samepin Wlf@@ﬂﬂ@s tfae
ana i npedance simulating unit. Accordingly, since
ere is a no signal source connected to the second
port of the second S|gnal directing unit, the signa

ears third port of the second signal
Saranely. IRE Sarp0d Sehsho s seBdhe oM MRSHATGS Wiyhaanters
th??r;dg%gﬁ gjgigﬁgfrtﬁg@e’c%d sighal REEHHY hif Al seBibPhetirst &ignal
when it enters the second port of the first signal directing unit. This impedance

is obtained using the antenna impedance simulating unit.

Accordingly, since there is a no signal source connected to the second port of
the second signal directing unit, the signal which appears at the third port of

the second signal directing unit is the replica of the leakage signal.

As mentioned earlier, the second signal may be of the same phase or of the
opposite phase as the first signal, but both the first signal and the second
signal should have at least substantially'the same power. Accordingly, if the
second signal is of the same phase as the first signal, the replica of the '
leakage signal, which is generated from the second signal, is also of the same
phase as the Ieakage signal. Likewise, if the second signal is of the opposite

4
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opposite phase as the first signal, but both the first

signal and the second signal should have at | east
waiestiestsi al |y the same power. Accordingly, ifPE€T8G2007/000057

second signal is of the sanme phase as the first

pi¥ds@dlthe ‘ﬁhﬂ digl] t‘h@n%e‘i’ ldaetﬁklﬂ@ ﬁaeﬁda@%éﬁlgné’lﬁ'% ehthies
generated fromthe second signal, | so of the sane

OMQ rhesetie the laakgeesigneal . Li keW| se if the second
signal is of the oppositephase to the first signal,
then the replica of the | eakage signal is of the

Sippedise bitn phérelcbRagdeupprsaing ciicyitds to Supress lisreferablyf to
t he Ieaka?e suppressing circu is to suppress

eliminates thg lapkags signatimarder te ﬁbta"éé@%@ ﬁ%\éﬁd signgk the

I
P SRR ST AR r 5 1
sigealeaoviehtead by éhe taakaggtsaghdbat :Ak:"eecdmlalhaggeumt gjlmulendmfgtdrre
nit, de in er the replica o
wisber liscchaloa o ekaus Siore! Bcts ceparis Bhess B Ot e
t I
g A e e ol o e ﬁependem
claims. In one enbodiment, the antenna mpedance

It t
EQPRHFSRTIAG! Ei VRl essR Aol B SR LRS! n one

enbodi ment, the signal transform ng unit conprises a
bal un transformer. In ‘one enbodi nent, the signal o
Intorenembedimentuihiet anfenpa inspedanag SIrrexla.ﬂmg @IFCLBtn!p laj terrgination

mHEEafo s Rhg tof Pt ihBoealbe o e BFRRIT S [Re”

first output signal and the second output si gnal. The

power of the first output signal is the sane as the
Inggermbedinants hecHanal fassforsiiga ynit comprises HbalkB of

t output signal is the opposite to the phase
tr%&?{wr%érzecond out put signal. In one enbodi nent, the

first signal directing unit and the second signa
unit, res are.each a di

Ing%{?gért@boglgwwtoﬁ'@ ﬂgtﬁ%lglt I V orYﬁmg unit comprises aIr Si%eiré)nr@l

amplifier.

The differential amplifier in this embodiment refers to an amplifier which has
two output signals, the first output signal and the second output signal. The
power of the first output signal is the same as the power of the second output
signal, but the phase of the first output signal is the opposite to the phase of

the second output signal.

In one embodiment, the first signal directing unit and the second signal
directing unit, respectively, are each a directional coupler, a diode detector
circuit, a mixer, or a circulator. For example, a circulator is a signal directing
(and isolating) unit having a junction of three ports, wherein the ports are
accessed in such an order that when a signal is fed into any port, the said

signal is transferred to the next port.



10

15

20

25

30

circuit, a mxer, or a circulator. For exanple, a

circulator is a signal directing (and isolating) unit
whaoosngs7a2 j unction of three ports, wherein theP@DSGE07/000057

are accessed in such an order that when a signal is

fed into any port, the said signal is transferred to

the next port. ln one, enbodi pent, the conbi.ning unit
In.8fip Erikediigept, e EPREIIAGUPN SoTSEs @ TPRISING POWer combiner.
enbodi nment, the conbining unit conprises a

differential anmplifier. In a preferred enbodi nent, the

In eag efgtbadippni dke cpmbiniegiLniticonmprisee metiffeential amplitierbe
used in a radio frequency identification interrogator
device. In a second aspect of the invention, a

I apidfenedtdrabodiMEnt ehb Jedl=R)d SlffbreSSoM Eirs@sistitblemented so
| eakage suppressing circuit as described above. In one

ag ip bgiunsatin a nadiacbearenaydentificadon detefrogates devioepr i ses
a power anplifier, wherein an output of the power
anplifier is connected to the said input of the signal

Irt azesbod aspectwiithe inventios, £obeehurRedtiont device is provided,
communi cat | on device further conprises a | ow noi se
camprises &e leglage SHPRISSSINGLRIrcyft as deskrined 86oNap| i fi er
I's connected to the said output of the conbining unit.
In a preferred enbodi nent, the conmunication device is
Iraona émbddiraguie they comentriid¢atioat device furier ocgmiprised eMpaeer
In.a third aspect, o e invention, a nethod of i
atbfiet Seiehig R cutrihel Ge gree amalties i imnetea e thasaid

iHEJ@‘t/bf‘&e?siéﬁémﬁdﬁsforﬁiiﬁ%?hgpath and a receive signal

pat h bei ng separ at ed signal directing unit,

wherein a | eakage signal |eaks fromthe transmt

Sj o,t he r Lve. signal h withi.n th .
rEp R e be s CrnIURiEigh fiiie L eRs ChinBriGas Sow noise
anpiified, sgreréinarsihpasofd Icve Raisatdrglifier i 86fedtéd Rethe said

transmtted into a first signal and a second signal,
oyfpelt ef ther ¢RMPIAKGILINE the first signal is at |east

substantially the sane as or at |east substantially
opposite to the phase of the second signal, and the
Inpa wesfeotdtenebddiment, $hgcammuniestidredsvics ighs radibifeddugncy

id@AHR atiod iHIE RS g Rice e second signal;

In a third aspect of the invention, a method of suppressing a leakage signal in
a communication device having a transmit signal path and a receive signal
path being separated by a signal directing unit, wherein a leakage signal leaks
from the transmit signal path to the receive signal path within the signal
directing unit, is provided. The method comprises the steps of separating a
signal to be transmitted into a first signal and a second signal, wherein the
phase of the first signal is at least substantially the same as or at least
substantially opposite to the phase of the second signal, and the power of the
first signal is at least substantially equal to the power of the second signal;
transmitting the first signal via the signal directing unit to an antenna;
receiving a signal from the antenna via the signal directing unit, wherein the

6
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transmtting the first signal via the signal directing
unit to an antenna; receiving a signal fromthe
w@niognos4i a the signal directing unit, whereiPCT/SG2007/000057
t hesi gnal outputted by the signal directing unit
signal odipsittet dydhgsignat directingduriit meludes the tsignah ressivaditom
| eakage Si |, determning a replica of the |eakage
thgr AR Aok de o8 e et idhes Sapheasdling aite
sigaak@s@ thGRBbnd SRYAal, RSP g K b%@iﬁga sighal fbANfe
directing unit by using the replica of t | eakage
signgheutpuliedbydhe signahdivestinggesit by using the aeplipa of the leakage
SﬁHgfressing circuit provided by the invention are as
ofTows. Firstly, the | eakage suppressing circuit
generates a replica, preferably an exact replica, of
the | eakage signal, to be used in suppressing the
Spreceidhe Adyantadssif the leakpge stpprassing eirauit pavided by the
; i j jn order to obtain a clean received
'ngggﬁgygﬁ%éégﬂ?#ﬁ%r processi ng. Accordingly, there may
be lower -error rate in the information derived from
%%F 3%e ned received, signal, which results in a better
Flsa %@%@@@Q@fsuap@\wngecwtrafrteﬁ@ters@awéasmsfﬁrabkyiem;,

efddt t8blica, BF ﬂ%‘l@%b(%%% Q@gbm% BEE N8N lsﬁﬁﬁ_ﬁ%}%i@)‘tﬁg@éﬁ%é@

circurt I's snal es not require onen
signalawliichii®alreathairivda with ttae decalverbsignakeintoademrty diain a
used, and,the I onponent whi ch requjres sone
cleRRTareH SBabbr fuTenrREeTSng HiccaR Bala fars Senbe lower
efbimMdtéin te iffdriiation defived frofli fYd B8aned 'réfei\fzﬁﬁgﬁa Chich
numeral s generally refer to the same parts throughout
resHiés in a hperfoguarss ofthdevicawisingstharleakage suppressing
%ﬁgssarily to scale, enphasis instead generally being
pl-ated upon illustrating the principles of the
invention. In the follow ng description, various
enbodi nents of the invention are described with
Seeandlyibe implamented leak@oeEUpPseRsiag cireyt igrraall apd goes not
G i i t f
rhgh MO REOTENS, O oG5 R 68 GG SRS ey
be used, and the only component which requires some ‘matching’ to be

ci

perforrhed is the antenna impedance simulating circuit.

In the drawings, like reference numerals generally refer to the same parts
throughout the different figures. The drawings are not necessarily to scale,
emphasis instead generally being placed upon illustrating the principles of the
invention. In the following description, various embodiments of the invention

are described with reference to the following drawings, in which:

Figure 1 shows an-example of a communication systém applied to an RFID
communication system.

Figure 2 shows a block diagram of a communication device in the

communication system shown in Figure 1.
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Fi gure 2 shows a bl ock diagram of a conmuni cation
device in the communi cati on system shown in Figure
waz@sges7e2 3 shows a bl ock di agram of an enbodi PENSGLN7/000057

the invention inplenented using circulators. Figure 4
shows a bl ock di agram of an enbodi nent of the

I nvention i enent ed usjng di,rectiopal, cquplers.
FlEUER P B RISk Trgae ai 4G eHoEmaRbeHoR BV et

of t figpleMmeréd A8ingBNcaERAsed using circulators. Figure
6 shows a bl ock diragram of yet another enbodi nent of
the invention inplenmented using circulators. Figure 7
| ock, di,agram of . anot her .enbodi nent of. t he

FRAGEE o s bt fiedntor A ShtpauRBha Fedystio

Fi guingpl8ntnddd usingl deetidhadoaplers. yet anot her

enbodi nent of the invention inplenented using

di rectional couplers. Figure 9 shows a circuit diagram

[ ' . odi.nent of. t he
FlRg B SRR Blok JRQ/BIERE AOE: SRR RERRT U HhvePhioh
per f mmpremeatedasingsireblatgrsexenpl ary i npl ement ati on of
an enbodi nent of the invention using circul ators,

shown in Figure 9. Figure 11 shows a circuit diagram

FRAIER TR Plob TRLBTR L At S Rr SRR BF e Rhahlih

t he ipgplémembsd asingoicumtart. an exenpl ary i npl enent ati on
of an enbodi ment of the invention using directional
couplers, shown in Figure 11.Fig. 1 shows an exanple

FiRfuré 7 GPBW4Y sﬁ;ck%%m Agmrﬂﬁ@éﬂ & bbBindEn R invention

conmuni cati on syste used herein, a conmmunication
syst immplementad wsing dinestiona abuplersyst em wherein a
comuni cation device in the communi cati on system uses
only one antenna for both transnit and receive

Figure 8ispiowvsad BlocR&ligdraheofl R WnoBseraaribbdiment of the invention

implemented using directional couplers.

Figure 9 shows a circuit diagram of an exemplary implementation of an

embodiment of the invention using circulators.

Figure 10 shows the performance results of an exemplary implementation of
an embodiment of the invention using circulators, shown in Figure 9.

Figure 11 shows a circuit diagram of an exemplary implementation of an

embodiment of the invention using directional couplers.

Figure 12 shows the performance results of an exemplary implementation of
an embodiment of the invention using directional couplers, shown in

Figure 11.
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(or component), such as a circulator or a directional
coupler, to separate the receive signal path fromthe

W@ e@Bae8782 si gnal path in the comunicati on devPCESGA7/000057
exanpl e of the comunication device is an RFID
Rigt tshoyavorexdevile of aaonsmanication Bysterlappifert foein RFID

e of the communi cation device may be a 'direct
Cgﬁ'ﬁ{}r@*'g%%s Z‘?muni cation device, typically used in a
time division duplex (TDD) type w rel ess comuni cation

systens. In this illustration, the comrunication
Agysieshhersing asommpeaicasipn gysienRMEY hsoany admm lirdcationssystem

8 AR A b eSO SR, by o

antenmarfor bbthotrarssnsit anu ¥86eioe MiridtioRs and th&tdfore requires a unit
i nterrogator device 101 as the communi cati on devi ce

(QfrRprarorests sugh @srrrirsulaigr 008 dirpstioms muiptareta separate the

[ E 05, for both. .. .

R S Fort M v TR Bat b BomitRlpeatian gevice.
Adeaxianepld 01 theagorahamidstiobaduvies igtrt RFID ditef¥g80r Gevite, as

onput er (1;07, ich may be used to store the
Sﬁ%\%ﬂf}.ﬁtg- m %ﬁ&r&z@nwetqﬁéhwmmuw@tmg@me mayi hea
‘ Ision’ | ' f C i.cat.l.on
St e Bsio, oo e S s p S8R
deplgw(EDD) type whekess|donshuaication systemsonmuni cat i on

device 101 is described using an RFID interrogator as

an exanple. A conparison between Fig. 1 and Fig. 2

Ir el astestidn e EHANAMIBAIH sy2 @geéa?o&m&@g%pﬁg@m

according to Fig. 2 respecti'vely correspond
cepmncationsystama 10assan exampld Acaorbingly nitnet econkimgnichtion

: I : i Lr tor device
d%@%%%’??ﬁ?éé]%&gg%@d%& e) nprises the conponents
bet ween the conputer 201 and the antenna 203, nanely,

n D baseband processing conponent (including
Tﬁ%&%mmwwca%ewmmg somprigep andrF ikhinterrogatordgyvice

164 85 b Aun O | RA|bY.
191 8o ed ooy R A by bt
intermgateredevice 101 luses only one antenna 105, for both transmit and

receive functions. The RFID interrogator device 101 may also be connected
to, for example, a computer 107, which may be used to store the information

obtained by the RFID interrogator device 101.

Fig. 2 shows a block diagram of a communication device 101 in the
communication system shown in Figure 1.

In this illustration, the communication device 101 is described using an RFID

interrogator as an example.

A comparison between Fig. 1 and Fig. 2 indicates that the computer 201 and
the antenna 203 according to Fig. 2 respectively correspond to the computer
107 and the antenna 105 according to Fig. 1. Accordingly, the RFID
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w@ovenosmpl i fi er 207. The signal

A signal to be transmtted, fromthe RFID baseband

processi ng conponent 205, is fed to the input of the
at the out put POf/SGH®7/000057

_power anplifier 207 is fed to port 1 of circulator
intggogalor sleniced aemnumicdtion deviee 401 cedmprse2ib@ dongonents

o808 b8 20352 O 48 LA bascbana
paaEEsS FRrcompohH (mmuw%emddhwtomw dBnmdidaRAbr) i sf t%ﬁ)é)wer

|nti?, any_port, the said si ?nal is transferred to
ampl '9585?,.aﬂl§6l§ﬁm309rarﬂi@.omnosa@m@dif@raﬂaer of
circulator 209 is in a clockw se direction, which
means that a signal fed into port 1 of circulator 209

The sigreai §iber orethet toarpsmit signef péi!hfrﬁdy dedeséflBed asTolldhs.Y
a signal fed into port 2 of circulator 209 is
transferred to port 3 of circulator 209. Since there

Al Sighd) lté !b%ﬁ?énécn’ﬁﬁe&i ,rﬁ@n RRE RF Porias%;brag\ﬁ lrp?éﬁ?%stsir?gg Q%lgl?)onent

signal is transferred to por
206 tin fed tmtte input dfcthe mameriamslifign 207pTHS sigriaé abth@ @litput of
tfed to $orr.f.1 f7.ci rg#elhat r 209 is transferred to port
he VRS ARRITRMFD7I6 dod hROK Tfaircalater,e99.2 of

circulator 209 is subsequently transmtted via the
antenna 203. The signal flow on the receive signal
Ap anentiempdmartiess the ¢iriilater 209 ivasigrBidireeiing (e isbatiab)

o3 0Be SR B B el b e S Sl
anl esdarithatwhen bi signal ided iﬁt‘@%g;e ?oﬁ! méaéasga %’}gfn%ﬂ%sﬁ’?ﬁéfgﬁed

fztgom port 2 of circulator 2 {0 port I rcul at or
tojhg nedepart. As shawnii Figed: theserid ordet iof cintulator 209ds irsa

; ] £ | on, of paratin :

clb RIS ERREESh. LA NGl g iR o By et ERYfitor 200
is pearisferred iceporb 2 of kirchilaturt20 Sivflaiyier Sighaeativ FRP2 of
gt can $§.seen ft hat a | eakage signal exists from port
circulgtor. 209 i taksfennd te gofot o grauater 2094 Sinee ters. is no signal
fedqstersirngloy ¢i 0902 ho QA f1 6t &;
B i BcT 007 o SErl i A Te o Pl S Feltor
208.gnal . The signal output fromport 3 of circulator

209 is fed to the input of the |ow noise amplifier 2

11. The signal fromthe output of the |ow noise

Withpegéideto tRe tranbmitt Sigial R afe grid fdd e Foik B drasehems:
209 is transferred to port 2 of circulator 209. The signal at port 2 of circulator
209 is subsequently transmitted via the antenna 203. |

The signal flow on the receive signal path may be described as follows.

The received signal at the antenna 203 is passed to port 2 of circulator 209.
From the functions of the circulator 209 described earlier, the received signal

is transferred from port 2 of circulator 209 to port 3 of circulator 209.

Here, it can be seen that the circulator 209 is the component performing the

function of separating the received signal path from the transmit signal path.
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processi ng conponent 205 for further processing. Wth
regard to the | eakage signal, it can be seen that the
w@owsnohi2z t he | eakage signal is dependent on tPET/PORBI/000057
of the transmtted signal. As the power of the
In viewsofi theddnetiansaif the ctroylatos209, rtiogihebe séamthdbe lpakerye

Bngl St S oEPlatr 0B Fosbe ot BfouaRr 28ei veo
signal. Accordingly, the Ieakage signal may

significantly degrade the ability to detect and to
Aspergingly.tthe signal owtaut Siogmaprt 3refcireaigr 209 isliberecdieed signal

b
P 1 B 00, PSRBT i B B Sy P00
isofedeo tisé inpait oﬁtheel@w nGis€ ampifien2$1. TS h@ﬁbnﬁom the output of
di recti.onal cou |l er, a diode detector, m xer, or the

the Iy nqisg amyp iBRbad1 s meamseeamtbed?ﬁa kaseband
nted usi ng
@d.ér%gg'?’ torsﬁ&a{bééﬂangqéﬁ@uhgﬁgk oc di agram 300 shows a

power anplifier 301 , circulator 1 303, one ant enna
er 307 and a | eaka

Wit soBed R feleakadt Bighal & csbee apein thatire paser Atihe leakage
SIEHQW@ de'beﬁh@nt &h tfe ﬁéWB ﬁﬁeqfér{?ﬁﬁﬁgﬂg%n A Uﬂﬁ%ﬁ@f

can be seen at bot
tf}@dmsrmttpdla‘igrai i BPically high)er thdreths pmménad;%e(r@@@ved signal,

o RS 5 e i L e
rdﬂ&@lv@dcblélﬁzfﬂr RBESARIGNE 2R léﬁ(a@@%ﬂ%y §|§HW{&ea GeGrad@ the

and the embodi ment. shown in Flg i st age
akilifyfe sietegi@nsi todupeess ihelregeiged Bignaleakage suppr essi ng

circuit block 309 conprises a 07180 power divider 3

11, circulator 2 313, an antenna inpedance sinul ating

me@wttsham!ﬁ lpen elotedOfRat Mgn@lcd‘ﬁ@cﬂﬁg fandtion dérfdrfh%d by the
ml‘) Frgsgt shown in Fig the transmt sng

cifeUlatpp 2P maysbe ﬁH?”@‘t'V?Wé’r@Wﬁ@@M&‘éﬂheéﬁl@m' reqhng 2

coMEEMENtE MCILdiHy 4 GABEMBHal BhAPRF, £8idde detector, a mixer, or the

like.

Fig. 3 shows a block diagram 300 of an embodiment of the invention

implemented using circulators 303 and 313.

The block diagram 300 shows a power amplifier 301, circulator 1 303, one
antenna 305, a low noise amplifier 307 and a leakage suppressing circuit
block 309.

When the embodiment shown in Fig. 3 is compared to the embodiment
shown in Fig. 2, it can be seen that both embodiments have the power
amplifier (301, 207), the circulator (303, 209), the one antenna (305, 203) and
the low noise amplifier (307, 211). It can also be seen that the main difference
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passes fromthe output of the power anplifier 301 to
the input of the 071 80 power divider 3 11 and from
wo b@sfloy7er out put of the 07180 power divider 3PAWSGHO7/000057
port 1 of circular 1 303. In this regard, the 07180
bptwesn thewerdboditheht shakadn &g 3pod tlsé gnddodirment $Fﬂtﬁ/}/n in Fig.
power . anplifier 301 and separa the i nput signa
2i'ﬁ¥¥§e [e\%ggg%tskjgpre§§@gaqlgcu1t %C'ﬁ‘é’(fét out put signal and
the second output signal has the sane power but
opposi te phases (i.e., they have a phase difference of
The(¢akapees LIPIEEEipG wizeuitiblick @09Tonprikesca Db(éathower divider
a_signal transformn ni t nmenti
333, faRofae 3 g aiding REPSIRGR e 0ulHlbb Rl Sk
OpOnRowWar ofinet 3uY.is therefore a replica of the
transmt signal, but with a phase difference of 180.
ThIS signal is used to generate a replica of the

1 RGBT shaRn Flons b AT Re b e S48 s fiieg 5
of meserﬁbd)dﬂhﬁeﬁt RRoehdn FGHED é?)IdeF(S néW, ﬂ'l%;etrﬁmérﬁiﬂ b@ﬁ@l path
303 and the one antenna 305 n nore detail

Passes OB INe QutRHt of e powesemplier 3¢ (o therinputaf the 0°/180°

oBREPGISH 1 A oty s ERLFGAAnE 2o BOGTfpal gt o
portriceflgitcatar2 30®l is "transmtted" at the antenna

i npedance sinmulating circuit 315. In this regard, the
antenna i npedance sinmulating circuit 315 is a

Irk wmé@%w qnelm%@agﬁi%vte;rikﬂa@la% anégte alrﬂﬂ ht é. sﬁmﬁqhe

of the antenna. A tion
powpedampbtier 30 Hane sapamﬂeatfmoinﬂhhggyaifmto hm:hutpeuv Bigaals.

RS AR A e e RHRR o B et s poter
oppbsitd phadel (RaN trl%ey ﬁmatpih@be AFfSFEABE bf | HéO?e‘Fﬁé eA 8oy .
the antenna I npe ance si nu ati ng circuit

pawebdiyidei3y 1 dascebgadiers is an axampler e sigpal fsansfopming unit
n'hSH%:@EQFHe 313 to port 3 of circulator 2 313.
ore, the only signal at port 3 of circulator 2
313 is the replica of the Ieakage si gnal (generated
th pl f the tran
Tfmra %fSnau St trhe selcco%dooutputeof tf‘n 0§[n 180° power divider 311 is therefore a
replica of the transmit signal, but with a phase difference of 180°. This signal
is used to generate a replica of the leakage signal. For this purpose, circulator
2 313 and an antenna impedance simulating circuit 315 are used to simulate

the characteristics of the circulator 1 303 and the one antenna 305.

In more detail, the second output of the 0°/180° power divider 311 is
connected to port 1 of circulator 2 313. The signal at port 1 of circulator 2 313
is transferred to port 2 of circulator 2 and is “transmitted” at the antenna

impedance simulating circuit 315.

[n this regard, the antenna impedance simulating circuit 315 is a termination

impedance simulating the input impedance of the antenna. A suitable value of
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signal), which should have a phase difference of 180
fromthe actual |eakage signal. In the enbodi nent
waebwsnoiTm2 Fig. 3, the receive signal path is aPGDSG2007/000057
simlar to that of the enbodi nent shown in Fig. 2,
tlee(tenrmmatmm impeslanee é8 detesingreal agrardinglyfoesach dmnperwmah
% uIator 1 303.to th% first input of the 070
% 5%59%3Ppgff§mgéﬂﬁz Y om t he out put of the 070
power conbiner 3 17 to input of the | ow noise
anplifier 307. In this regard, the 070 power conbi ner
I yrew aiidbs funglionrgfiibe antgrnasimpasiancasimulaéing wirauit, it can be

SBT3 0 By D5 BB BN S AT i
3rlﬁnAcmrdmg$ﬁrhlol @gnalweraﬁswwd fedmtgert 3 ef eirclilator 2t 315 to port
wer conbi 17 is the signal output from

3;98r<>dr09|3$9r 2:3?%uThﬁr@f0r2, timfsmlh sigarlat poré 3iaf gircolater2 Bha is

tﬂ%@;ﬁ@& oﬂ I%Eké@é’% gtWa &Jppr es??{oﬂﬁftﬁg Fﬁg‘gé oi&@%ﬁ?&wﬂ

signel)swgmhl sHoulthhave & phast différenteopn 80° 0 thésactual leakage
Lalned earlier, the | eakage suppressing circuit
s;g,n% k 309 essentially ainms to generate an exact
replica of the | eakage signal, to be used in
suppressi ng the | eakage signal which is al ready m xed
Inntherembedirmant ishewnsdin gl 3, tha recaiee sigmabpathi is adsasiedlar to

e B BB shBwrLIndrigag Pl ped. Lireeeneagone path

padiad Gl porf DoE cirelilhior™ ﬁ?fbeﬁ%'fﬁgt iRYut %ﬁhb@”/d‘ Borvfer
mgllfler 307. Accordingly, there i1s a lowerror rate,
com

Hey 3117 nanthomther ertpuibel therQ @S pdwearmanhlzineed &7 W@mput of
s in a better performance of a
thd 18 msé“’ﬁh@ﬂ %IS&%)-} In this

evice usin €akage suppressing circuit.
case, the device using the |eakage suppressing circuit

“]l@] RFI |nterrogator device. In view of the above,

5 tegerdrtae Or9° povearnsombinemdti takestiwolinpwtaignals,
f °
BB RS Mip Sl o ol me i PED30; Pl Hiter

3pbdescrihad kiere isad aatmpﬂe d@ezombining unit mentioned earlier.

The signal at the second input of the 0°/0° power combiner 317 is the signal

- output from port 3 of circulator 2 313, namely, the replica of the leakage signal
(but with a phase difference of 180°). This signal is used to suppress the
leakage signal in the signal from port 3 of circulator 1 303.

As explained earlier, the leakage suppréssing circuit block 309 essentially
aims to generate an exact replica of the leakage signal, to be used in
suppressing the leakage signal which is already mixed with the received
signal, in order to obtain a clean received signal. In this manner, with the
leakage suppressing circuit, a clean received signal may be obtained before
further processing by the low noise amplifier 307. Accordingly, there is a low
error rate, if any, in the information derived from the received signal, which
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conbi ner. O her conponents of the | eakage suppressing
circuit may al so be replaced by alternative

w@ovpoeemt s. For exanple, circulator 1 303 andPCT/SG2007/000057

circulator 2 313 may be replaced by directional

.reQQlﬂsﬁ)irﬁé %ett@ﬁ péﬂ@r\mandé dfiedevibe dishiethel lbakerje supgtessing

gv% . shows a bl ock di agram 400 of an
ciggwioln V?é“nt?a%ﬁ, th%éevlﬁ%mﬂgo'ﬁ‘% lﬁﬁkagﬁewmeagnaglmwt is a RFID
Erqcatt oupl ers 403 and 413. As nenti oned
mfegéf %é:onl y difference between the respective
enbodi ments shown in Fig. 3 and Fig. 4 is that the

Incuies 08 B0 BV e thericiire disaitls 1o gy e lgbiaod ° 27
Lﬁ??@gélgg '&?rﬁﬁlt‘ Bg"ﬂginr@eﬁir%xa%plé Ny bh/'os p?%ﬁ%ldéﬁalﬂ‘é’ oA 80°

ctional coupl er , for exanple)

pawert ggrhbimer,yinstead ofiat(?/1805 pavegradivider aod 8 Cdimwerd t o
erm nation (419, for exanple), as shown in Fig. 4.

qupé & shows a bl ock di agram 500 of another enbodi nent

OfferiddgnddnEntd bPthel IR RIES eé'éih@%nr@tu‘t ﬁidyaél% Tae5@§la@6€ by

513. The bl ock di agram 50 shows™a power “anplifier
alterogiivaicamppnents 0Bor example: eineda®os, 305 endcligilstor 2 313

i Bevresioodity ARerbRELe AR P S APBRR TR plbEE o

illgétratettin Figcok 509 includes a balun transformer 5 11,
circulator 2 5 13, an antenna i npedance sinul ating
CIrCUIt 515 and a resistive power conbiner 517. The

. ; h
RIS ASTB et a8 P B BT GRIANGI  °
inAs@entdteuding direttias toupkers 803 Andntl 3. A meniiaried/earlier,

mbi ner 517 the respecti exe ar .
thi i AT eRo% RetWsendhe resRasive S odimaNtshawn in Eigy 3 and

F@mf 19?@%8 Q:iFEhlﬁ?drs Bséd i9thd Qﬁlb%ﬂﬁﬁ@ht’%rﬁiﬂ B%re

In an alternative inplenentation, the
repianwflw disecti®nal conplerscusashindbe @nmocumembslvm/yn lrsﬁlg 4.
power divider, or a 180 hybrid power divider, for
exanpl e.

In this regard, it should be noted that a directional coupler (403, for example)
is typically used with its isolation port connected to a termination (419, for
example), as shown in Fig. 4.

Fig. 5 shows a block diagram 500 of another embodiment of the invention

implemented using circulators 503 and 513.

The block diagram 500 shows a power amplifier 501, circulator 1 503, one
antenna 505, a low noise amplifier 507 and the leakage suppressing circuit
block 509. In this case, the leakage suppressing circuit block 509 includes a
balun transformer 511, circulator 2 513, an antenna impedance simulating

circuit 515 and a resistive power combiner 517.
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In another alternative inplenentation, the resistive
power conbiner 5 17 may be replaced by ot her neans of
wa@ehsaeiTmy i n- phase power conbi ning, such as VWCREGHOM000057
power conbining, for exanple. Fig. 6 shows a bl ock

TKE ROBRI B8HAs M Fig!5, Boatdwer coreepbn®@ s tHf réspectiveviabiledn
i mpl ement ed using circulators 603 and 613. The bl ock

ity Bi@- 80803+30s circul ator 1 603, one antenna 605
and the | eakage suppressing circuit block 609. In this
case, the | eakage suppressing circuit block 609

Inithiel cadesthe baluh atapsfotntet 3,1 1amdatheaesistivepede@ncembiner 517
si mul atin%_ circuit 6 .15, a di f_ferentialoi)omger .
argipe regractive pxegpiany implaragriations of Hig ¢diad Rowen divider
o . S o od
3P0, 05 Boler SBMGIT, of 318 Wintidtitrieht sfiod if BT 05
the power anplifier 301 and the 07180 power divider 3
11 of the epbodi nent, shgwn in Fig. .3 are replaced b
Ingalifrpatye MRpIRMEREHAN. Bopalindratistemen i L iRV b feplaced
OI fa o
o RS BIPH 80, 6 BH L pvpoari o, B Dl

Indirfoltieereaitaraativeoimpleinsatadiop| the resistize powericonyinen &l hmay
bnotﬁd [ th'*s i1l ustrfati on .t hat éh‘e differential | oW,
S Greceddhy Pitesme® alReNTdnaiTrphnse ppue’ GablTie. <tith as
WRRIABESK beter eBRIHSING, foRlekampldecause one input of the
differential |ow noise anplifier 621 is fed by a

signal conprising the | eakage signal and the received

P BBl oS ATEFL8 oE, 4iin L bR g fvenion
imMpiéheaRdodsihd eirb@latcrg 80Siamdad1d. Wi th a 180 phase shift

conpared to the actual |eakage signal). Accordingly,
when the differential outputs of the differential |ow

. - i i
TRELREK el 800 SR EicieatoChos dndBhietha d0Brid e
leakdige sinepressieg\cirdui ibipekl 609. dnrthis easeyt thadaal_(aga suppressing
ci%ﬂﬁﬂg%@%m%%{s' easloqzirctqlélzl of %@3 ﬁ? %ﬁ ﬁ%tgAnOaC#n;gjeloaa%rc%ns]inzg%ting
circuit 615, a differential power amplifier 619 and a differential low noise

amplifier 621.

When the embodiment shown in Fig. 6 is compared to the embodiment h
shown in Fig. 3, it can be seen that the power amplifier 301 and the 0°/180°
power divider 311 of the embodiment shown in Fig. 3 are replaced by the
differential power amplifier 619, and the low noise amplifier 307 and the 0°/0°
power combiner 317 of the embodiment shown in Fig. 3 are replaced by the

differential low noise amplifier 621..

It should be noted in this illustration that the differential low noise amplifier 621
has its differential outputs connected together. This is because one input of
the differential low noise amplifier 621 is fed by a signal comprising the

leakage signal and the received signal from the antenna, and the other input
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i npl enented using directional couplers 703 and 713.
The bl ock di agram 700 shows a power anplifier 701
waleoosaeizanal coupler 1 703, one antenna 705, aPCD®G2007/000057

noi se anplifier 707 and the | eakage suppressing

of@ché ehfidretid f ABRe érﬁPnﬁér%zqageed bhehé m@geof the leakage
ppressing circuit 709 incl udes bal un

Sl@mairﬁwﬂbran%&O%Fme shifit ceamarer te éhﬁ)ﬁ@ﬁuaizleak@ge signal).

A e e N
6z1h@re<3clfdrm<edts‘dft©getim thet twecloakdnge sngaalsomil\oaneerbmmmht S
shown in Fig. 5 and Fig, 7 1is tn he circul ators. 503
othe leaiNG, PN ites srerivedhBionabligning rna, yvhigl Is g desirgd
éﬁéplrectlonal couplers 703 and 7 13 of the enbodi nent
hown in Fig. 7. Fig. 8 shows a bl ock di agram 800 of
an enbodi nent of the invention |nplenented usi ng

Figod SSRURS PIOEE earem 100 ehan SROORIMERHS! BogFitme
ARSI BSUMF LB Gulbls PODGATYS. In this case.

eakage suppressing circult block 809 includes
circulator 2 813, an antenna inpedance simulating

i t. 815 i ff tial | i,f 819 and
This ppek gintram Tosfi i & Rer Suies 707 Heblandt Snder
7R IonkntetiE 705 & I ﬁf)%b%ﬁﬁﬁhfféﬁ?m%md the |ég|sa£§9e,céupmessmg

enbodi nents shown in % Fig. 8 is that
cicsiuitdlock 1S lothis sasabibe: ﬁekﬂg%ﬁmesﬁngucg"cuvs b!mk 709

inF5R % o yEhgBhikt 114, GRioRaPedln’s 783,80 g o
infiedenesBlnailgtingeireuent 8landra Risistive Qidv\mildmmtimerf 7the

i nvention, using circulators 903 and 9 13. The circuit
dlagran1900 shows a power anplifier 901 , circulator 1

ol
AS HiintPRed RgROR e iy Blfehnes betlcen Mg refooctiel °°

embodined O shdle in EgHand Em.r?assthagtm cicoulatots 5@k and$13 of
thlgn@%%c@%ﬁgt gﬁ‘b&ﬂé‘%‘]& Sg are replace]d]by |recchona} coup%ers 71033 and

713 of the embodiment shown in Fig. 7.

Fig. 8 shows a block diagram 800 of an embodiment of the invention

implemented using directional couplers 803 and 813.

The block diagram 800 shows circulator 1 803, one antenna 805 and the
leakage suppressing circuit block 809. In this case, the leakage suppressing
circuit block 809 includes circulator 2 813, an antenna impedance simulating
circuit 815, a differential power amplifier 819 and a differential low noise

amplifier 821.

As mentioned earlier, the only difference between the respective
embodiments shown in Fig. 6 and Fig. 8 is that the circulators of the
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simulating circuit 915 and a resistive power conbiner

917. The labeled itens in Fig. 9, 901-91 7, correspond
wo eooshesTaespecti ve |abeled itenms in Fig. 5, 50R€BHIG2007/000057

this case, as the circuit is used for sinulation

erﬁydscmﬁfeeﬁ shblf 9 Fey. 3 hRNFEdIRRR 19 diréstiopaiboslipters ofthewn

. 5 has been replaced by the antenna sinul ation
erﬁb@d;lmetntgbgwnmglglﬁ) shows the performance results of
an exenplary inplenentation of an enbodi ment of the
i nvention shown in Fig. 9. The performance results of
Fighe sRol a oireuit diggtamn 900\0f s, exsinthlant ingrieimentationhaf an

| eakage squreSS| on circuit ?hovvn Ln Fi %t 9 are
erphagiatant peFe inypRiafy Using eicuiaiare 9898Nd 41 3can e seen

that | ess noise is observed in the graph | abel ed 1003

as conpared to the graph | abeled 1001 . Accordingly, a
The eiacdt dingraan @O0 shiogusad pbweotan’qillﬁeldg(nnsiairgum@r tRo3uan

arg e st A RVEISE BrOi” Sh atER SRRaG o
sdﬁg)‘féﬁl %Errcdd?blﬂgk dpoeThd @é&ﬂag‘é%p?és%ﬁé@i%lﬁﬂﬂoéﬂ @@9

di agram 1100 shows "a power anplifier
mdludesau kb treoafprmer 21 1,1@3;ulatnr armén AR a@‘temnaatmm@iance
u it .11 ggp (£m1no Se aq& é 18{ and the
SWWE Q@éﬂgy ENGJ reFIPINR POWPL g%n 5591 e | eakage

suppressing circuit block 1109 includes a balun
transformer 1111, directional coupler 2 111

The labﬁlﬁdwléemmﬁlﬂw@e 9911 il Tatcorgspone in them.aﬁsegm@ labeled
gl S, B3 1S417S ML Ehod BeTne R D010 gk

purpbsés dhé oaamantenitd 505 6f theddmBddimént shbing ma'fig 5 dmstheen
circuit is used for S|nulat|on ur poses, the one

repkaceAY themniennaaimipatien At XRwn in Fig. 7 has been

repl aced by an antenna sinmulation circuit 1105. Fig.
12 shows the performance results of an exenplary
Figopi D esinemisathe perfofmance mmdﬁsrm‘ran eXernplary impemieptatiomonian
The erf [ manc ults of the RFID

emRodifiy & e ierieh SEPRGLFIdeE i £ n t e

The performance results of the RFID interrogator device, without and with the
leakage suppression circuit shown in Fig. 9 are respectively labeled as 1001
and 1003. It can be seen that less noise is observed in the graph labeled
1003 as compared to the graph labeled 1001. Accordingly, a cleaner received

signal is obtained using the circuit shown in Fig. 9.

Fig. 11 shows a circuit diagram 1100 of an exemplary implementation of an
embodiment of the invention, using directional couplers 1103 and 1113.

The block diagram 1100 shows a power amplifier 1101, directional coupler 1
1103, an antenna simulating circuit 1105, a low noise amplifier 1107 and the
leakage suppressing circuit block 1109. The leakage suppressing circuit block

"~ 1109 includes a balun transformer 1111, directional coupler 2 1113, an
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| eakage suppression circuit shown in Fig. 11 are
respectively | abeled as 1201 and 1203. It can be seen
W0 bas/10835 noi se is observed in the graph | abePedSGAR03000057
as conpared to the graph | abel ed 1201 . Accordingly, a
atteana tmpedente sichiatintatirduit phtSamed resistige pbweccomblrier
shown in Fig. 11. Wiile the invention has been
¥%1icularly shown and described with reference to
speci fic enbodi nents, it should be understood by those
skilled in the art that various changes in form and

, Tmetaijellemﬁmbén Friglel 1, Hd0d+ 1 Wi, choespaoiep fo ﬂ"ien@spectimetlabeled

i i % 7RARE7. S Bl et iye Hbed fon ahifaion
purﬁ@éé@ttﬁé dne érﬁénﬁé’?@@ 6@%&&%&&@&% s%io‘wrﬁﬁ&lfi@e? h»é@b"één

cone wi thin the neaning and range of equival eficy of
replased yi an aatannarsimedadioa dincudrlde8.t o be enmbraced. In

this docunent, the follow ng publications are cited:

[1] WO 2005/109500 A2 [2] US 6,686,830 B 1CLAI M5 Wat

Figs 12| shoiRttheSerformAnte Ml STEPERSHpRsY ﬁhﬂil@hﬂefntét@rn &F an
communi cation devi ce, comprisi n%k a si gnal

embegistastt@f e inventiosheynam Figwsh. for recei ving an
i nput signal, a first output and a second output, the
si gnal transform' ng unit being configured such that

Thdpeioangney radulte of (e REIDYirkrragaton @lef/icéswmutumﬁd with the
at | east substantially the sane as or at

le8kaES AHRPERRPNGUHE ShOWNAN FIG. That aspesivealvghaled as 1201
ard 9983, 18kadh BE s}t%ﬁ?ﬂgt l%% Rbfse |?%§tséﬁf;edgﬂ“fﬁe gg%pﬁ BBeled

out put” signa I'rst ou
1&]Baa$ aompaldd teetipeadrapb Iati&ieqbdﬁﬁﬂ Atcardinghytapeleasergeatived
t.he d out : r st s nal, directing unit
SigaaingbIned LREdRe oralt shodh BB g o chi rd port
the first output of the signal transform ng unit being
connected to said
While the invention has been particularly shown and described with reference

to specific embodiments, it should be understood by those skilled in the art
that various changes in form and detail may be made therein without
departing from the spirit and scope of the invention as defined by the
appended claims. The scope of the invention is thus indicated by the
appended claims and all changes which come within the meaning and range
of equivalency of the claims are therefore intended to be embraced.

In this document, the following publications are cited:

[11 WO 2005/109500 A2
[2]  US 6,686,830 B1
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first port, and the second port being connected to an

antenna for transmtting signals to and receivVving
waee@nabz4f rom t he antenna; a second signal di rBCT/BGLH07/000057

unit having a first port, a second port and a third
cPAmMs the second output of the signal transformng

unit being connected to said first port, and the

second port being connected to an antenna i npedance

W}‘;‘i ggl&%i% f‘éni t; and a conbining unit having a first
|ﬁi ut  coup

d to the third port of the first signa
directing unit, a second input coupled to the third
port of the second signal directin%nunLt, and an

1.out pieakpgertipRressing eieHihiong GaMMUNCaiion deyicee AOHRERING:
t hat, L t i ni e : -
by cueoRa T Roring) i A Bhibutiof i 3p s el

a firsgoatput mathd secarcoutgut, tipe signahtansfoemigourdt being

transformn nit is configured such that the phase of
C%ﬁ'%[ﬁ‘gwcr‘sg@gal at its first output is at |east

subst ant itﬁb'dﬁa@@%%{nt@utﬁ)ﬁt éi@ﬁal@&@ﬁﬁ fifdt oot 4 ?PFeast
signal at 1ts second output; and the output of the
subsitdritiaily theisamens puatdeastssupstantiajly opposite ta the phase of an
ignal fr the second inpuf fromthe signal fromthe
ofpiitslonsiiithe SReid Al 0

transformng unit is

confi gur efepémtrididhe blfpubbral af thlifirstémplit Bi Aneadt

its first output is at least substantially the sane as

suliséarsiadly equal tertheugwer of it autpatt sianal gbthersecendmutput?.

e AARERRDT HEBGERELMENfn G A drsPimu b8y BORERLR e
pdrijRee fift @ usp UL ahé BYnahahsorhingnetiseing cohntbied to said
antenna. 3. The | eakage suppressing circuit of claim1l
firgt port, apskine; seaond %qrb%@ngtcpaﬂ%fsmg@@ AMHPRNR HRIFANSEYNg

S, BRANSLANT yqrbls T | maiog PP oo o o
conpa ssemndsignal direstingalnitdmpling adirst port, a second port and a
third port, the second output of the signal transforming unit being connected to
said first port, and the second port being connected to an antenna impedance
simulating unit; and
a combining unit having a first input coupled to the third port of the first
signal directing unit, a second input coupled to the third port of the second
signal directing unit, and an output, wherein the combining unit is configured
such that
the output of the combining unit outputs a signal by adding the
signal from the first input to the signal from the second input, when the signal
transforming unit is configured such that the phase of an output signal at its
first output is at least substantially opposite to the phase of an output signal at
its second output; and
the output of the combining unit outputs a signal by subtracting
the signal from the second input from the signal from the first input, when the

signal transforming unit is configured such that the phase of an output signal
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5. The | eakage suppressing circuit of any one of
clains 1 to 4, wherein the first signal directing unit
wapwstibrg4second signal directing unit, respectP@ESgG2007/000057
are each a directional coupler, a diode detector
atHs vkt 6utPé‘t i8¢ ffast QUbStamtibMptRt &me @s tHEhbsakRan output
suppressing circuit of any one of clains 1 to 5,
sigimalradiits senend ontputi ng unit conprises a resistive power
conbiner. 7. The | eakage suppressing circuit of any
one of clains 1 to 6, wherein the conbining unit
2.conpries Rakagd stippredBingadircarmdficldigr 1, vherélretheeategea
suppressing circuit of any one of claing 1 to 7

imesieara simidating boitds adermipaiion pedancemuating thedepytn
ing)erd%ﬂlé‘@ Oﬂﬁeqélﬁ?ﬁxal dentification interrogator device.

ommuni cati on device conprising: a | eakage
suppressing circuit according to any one of clainms 1
to 7. 10. The comrunj cati on devi.ce, of clﬁinmg further
3.conpthes leakage sumBResaINg GirauEor cigiey bPh2aWNBIRIBIHe Sionahe
tr G miAGRAnitd %prls%scé)ﬁgﬁﬁtt%sﬁ‘rcﬂﬂé}? sai d input of the
signal transtormng unrt. 11, e conmuni cati on device
of any of clainms 9 or 10, further conprising a | ow

noi a i fi ., Wh i N i t of | i ]
4 q0p! 119 BRKPGS SURRESSED Teutbal ST BL 2o BeT the sional
trér?é?@ﬂnﬁihg%tngrﬂo?npri’b%s al BffePORTHN BihfiAtibon device of any of

cl al s 11,” wherei n the comruni cation device is a
radi o frequency identification interrogator device.
13. t hod of suppressin | eak L.anak . .
5. o1 EakAds SHRBIRSG U 2 SRRET RS 1o 4, Bpgrein
thaTi'stsid 4l Rlireetisg SARlandathb seebnd skpphdiréctthgownit resgaaively,
directing unit, wherein a | eakag{e signal |eaks from
anerrachradisestional gauplep & diods detecCtPreiEGUlle agNRRI OTi@EiFFUlator.
within the signal directing unit, the method
conprising the steps of: separating a signal to be
6.t r anbime {dakdgée suppreskingstiraiitpfanyan ef daiotntl ie bgwhkrein

wher ei.n, . , - .
the combining unit comprises a resistive power combiner.

7. The leakage suppressing circuit of any one of claims 1 to 6, wherein

the combining unit comprises a differential amplifier.

8. The leakage suppressing circuit of any one of claims 1 to 7, wherein
the circuit is implemented so as to be used in a radio frequency identification
interrogator device.

9. A communication device comprising:
a leakage suppressing circuit according to any one of claims 1 to 7.

10. The communication device of claim 9, further comprising a power
amplifier, wherein an output of the power amplifier is connected to the said

input of the signal transforming unit.
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the phase of the first signal is at |east
substantially the sane as or at |east substantially
woppsesiie2zt o the phase of the second signal; apdI/sGm07/000057
power of the first signal is at |east substantially
equal to the power of the second signal; transmtting
the first signal via the signal dlrectlng unit to an
b

1tant eRacomeusication deviseypbany phclaims 8iogrR) Tihes comyising
= 4k boisB g iRy Rl BaE el T RihaRe afp1E PR Tonppgied to

tharsatdbatpun of theecdrelikirgeursit.gnal ; determining a replica
of the | eakage signal fromthe second signal; and

suppressing the | eakage signal fromthe si gnal

1Put pﬂtné Sgwﬂ{%rgﬁloﬂ ke 6 é@f&f Adirtd'b%o BY, WHkeRInhE

F'eplica o0 eakage sl
communication device is a radio frequency identification interrogator device.

13. A method of suppressing a leakage signal in a communication device,
having a transmit signal path and a receive signal path being separated by a
signal directing unit, wherein a leakage signal leaks from the transmit signal
path to the receive signal path within the signal directihg unit, the method
comprising the steps of:
separating a signal to be transmitted into a first signal and a second
signal, wherein
the phase of the first signal is at least substantially the same as
or at least substantially opposite to the phase of the second signal; and
the power of the first signal is at least substantially equal to the
power of the second signal;
transmitting the first signal via the signal directing unit to an antenna;
receiving a signal via the signal directing unit, wherein the signal
outputted by the signal directing unit includes the signal received from the
antenna and the leakage signal;
determining a replica of the leakage signal from the second signal; and
suppressing the leakage signal from the signal outputted by the signal

directing unit by using the replica of the leakage signal.
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