"An RF transponder™ THI'S INVENTION relates to an RF transponder having an
antenna and, nore particularly, to an RF transponder having an antenna
conprising at |east two ports. For certain applications, a two-way radio
frequency (RF) communications system njght conprise a nunber of
transponders and a reader. The transponders have no direct power source and
operate using radi ated power ffromthe reader. Hence, this type of

arrangenemA},quksﬁm dadePasyi ve tagging' . Initially, the reader sends out
a carrier wave, icR may be a continuous wave (CW or a pul se wave (PW,
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wave. Theol?‘](ﬁfsr_ier wave is nodified by the identification code such that the
I nformati carried by the carrier wave includes the identification of an
i nterrogated transponder, thus allowing the reader to identify the

transponder. Once this has been done, the reader establishes a protocol for
communi cat i on bEeRe&artalns elapphicationse tar afwpoMder .radigi s RFdn t akes
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t hese functions were to carri‘ed out e sanme a _ by_ a
shared pornitidlly, the acddensends ouraiitdriBe waoe,ywHichimaybe o cortinliogy evaegt i mum
performance as di ff erent paraneters are required for each of the functions
to perfor nf@W)iorahlpalse wave (PW), the purpose of which is to provide a radiated

power source for the transponders and to interrogate the transponders as to a
specific identification code (ID) carried by each transponder in its internal
processor. The reader receives a backscattered version of its own carrier wave.
The camier wave is modified by the identification code such that the
information carried by the camrier wave includes the identification of an
interrogated transponder, thus allowing the reader to identify the transponder.
Once this has been done, the reader establishes a protocol for communication
between itself and the transponder. This communication takes the form of the
reader sending a digitally modulated control signal which the transponder

demodulates.

The transponder has three tasks. These are to rectify AC power derived
from the camrier wave, to modulate the backscattered response to the initial
carrier wave and to demodulate the control signal from the reader. The

" transponder has an antenna. If all of these functions were to be carried out
using the same antenna and by a shared port of the antenna it would be very
difficult to achieve optimum performance as different parameters are required

for each of the functions to perform optimally.
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2 | nmproved performance can be achi eved by using two ports on the sane
antenna, where one port is for the nodul ator and denodul ator, and the ot her
solely for the rectifier. Thus, either at |east two antennae are required,
or a single antenna with nultiple ports is needed. If two antennae are
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hal f of a signal’ wavel ength apart) in order not to interfere w

ot her, andsglely for aies psotder. Thud,i diitlee it Jeast twio artedidecirentiquitedsoplae to

pl ace the antennae sufficiently far apart (see Figures 5 & 6 of the
acconpanyi sggte atenng yithThukiplppowsaismeeted. | eads to an oversi zed
transponder, and can al so reduce the space avail able for other conponents. .
Anot her solution is to use a single antenna with dual ports. However, for
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t hese ports e sane frequency. e ant galrn performance of such a

setup Usi ngize faRe tnspodders U twa) Snteindtoiccdatber iBsldtddyfrinCéaRR I dther
transm ssion |line power feed due to the nature of the el ectronagnetic

fields in (idealty hatfsof a sigral cvaveldngits apart)oin exder afot td dnferfessn witthnedch seek to

provi de an RF transponder having an antenna which incorporates a plurality

of ports, wtheioand eadquiranspenderof limited size ¥)ip ofisnwet possibletoeplaegtheni t hout

\ : Canifi ; . _ )

' NEUrTing Snehnae “Su ciegafl far ggz{rtn (see Figures 5 & 6 of the accompanying
drawings). This approach thus leads to an oversized transponder, and can also

reduce the space available for other components,

Another solution is to use a single antenna with dual ports. However, for
good antenna gain performance, a good quality substrate is required, which
increases the cost of producing the transponder. Known antennae using this
approach incorporate microstrip patch antennae with dual ports, and operate
these ports at the same frequency. The antenna gain performance of such a
setup using a good quality substrate is not perturbed by microstrip transmission
line power feed due to the nature of the electromagnetic fields in the microstrip

patch.

It 1s an object of the invention to seek to provide an RF transponder
having an antenna which incorporates a plurality of ports, without requiring the
use of an expensive substrate, and without incurring significant loss of gain

. performance for any of the ports.

Accordingly, one aspect of the invention provides an RF transponder

having an antenna comprising at least two ports operable to receive respective



performance for any of the ports. Accordingly, one aspect of the invention
" provides an RF transponder having an antenna conprising at |east two ports

operabl e to receive respective signals such that, in use, the signals in
conbi nati on establish at |east two curgent nulls on the antenna, each of
the ports being | ocated substantially at a current null. Advantageously,

the antenna is a | oop. This | oop, preferably, is formed as a copl anar

structure. 51§9ﬂ§’%'ﬁbﬁ%ht’ int fige, Bk SipRall %%drﬁbﬁﬁﬁé@%bﬁ&h atd¢adtt gasous! y,
t he nunber current nulls I's two. Preferably, the length of the perineter

of the antaurentinmlls Wrnstherdnterinay esctuef tieopdreobeaing iocated substantiadlyeatod hs of at
| east one of the signals. Conveniently, the signals are 90[err] out of
phase wit cwaxestingtlher . Advant ageously, coplanar stripline is provided for
feeding the signals to the antenna. Preferably, the antenna has two ports.
A further problem which dictates the m ninum size of conventional passive

transponders is of t denodul ated signal is not
sufficient to b reaﬁé%%sglag&t&# ar‘é&lpgp'on t he transponder. Conparators,
which are relatively Iarge and consune substantial anounts of power, are
required to boost the denodul ated signal, and this increases the size and

t he power consuTiutsiloop,refenably, iafometias a coplanar structure,
Conveniently, the antenna loop is rectangular.
Advantageously, the number of current nulls is two.

Preferably, the length of the perimeter of the antenna is substantially

equal to two or more half wavelengths of at least one of the signals.
Conveniently, the signals are 90° out of phase with each other.

Advantageously, coplanar stripline is provided for feeding the signals to

the antenna.
Preferably, the antenna has two ports.

A further problem which dictates the minimum size of conventional
passive transponders is that the magnitude of the demodulated signal is not
sufficient to be read by digital circuits on the trapsponder. Comparators, which

~ are relatively large and consume substantial amounts of power, are required to
boost the demodulated signal, and this increases the size and the power

consumption of the transponder.



4 1t is a further object of the present invention to provide a rectifying

I ch can output a denodul ated signal of sufficient- magni tude to be
read directly by conventional digital circuits. Accordingly, A further
aspect of the present invention provide$ a rectifying circuit containing
each port being operable to have an oscillating voltage applied
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operati on,

with the applied vo

tage. Preferably, the rectifying circuit has an output

conprising the outputs of the first and second rectifying neans conbi ned

with one another. Co

ent the outputs of the first and second

veni ly,
rectifying rreansAﬁ?‘B'g&E%i %dyuﬁilefsmﬁmti of . thadpgsentgieation proyvidesniai ned
br.i d by a.DC stora capacitor, to ovi de a “power source.
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t he second capacitor

first rectifying means is substantially constant, and a second rectifying means
being connected to the second port and being constructed such that, in

operation, the output of the second rectifying means fluctuates in phase with

the applied voltage.

| Preferably, the rectifying circuit has an output comprising the oufputs of

the first and second rectifying means combined with one another.

Conveniently, the outputs of the first and second rectifying means are

combined by sumunation.

Advantageously, the combined output is bridged by a DC storage

capacitor to provide a DC power source.

Preferably, the first rectifying means performs a voltage multiplication
effect.

Conveniently, the second rectifying means performs a voltage

multiphcation effect.

Advantageously, the first rectifying means comprises first and second

diodes and first and second capacitors, the capacitance of the second capacitor

npri ses



5 being sufficiently large to provide a snoothing effect that, in
operation, renders the output of the first rectifying nmeans approxi mately
constant. Preferably, the second rectifying nmeans conprises third and
fourth diodes and third and fourth capgcitors, the capacitance of the
fourth capacitor being sufficiently small that, in operation, the output of
the second rectifying nmeans fluctuates in phase with the applied

osci | | ati nigeinglsuffgientindrpeto pyvidxt a sobthéng effecttthat) ipoperatien, rendés
transponder including a rectifying circuit according to the above, in which
the conbi nd¢ Gupwf the firstaectifying msansappsavinately; opstagt. mreans conpri ses a
denodul ated signal for the transponder and the output is further bridged by
a DC storage capacitor to provide a DC power source for the transponder. In

order that the j on r-eadi | - an jqrent
thereof wll no&%@gg’;&ﬁéﬁ%ﬁgm&%@ ‘gfénn%{bg?{ﬁstgﬁqpe e?xgar:?gq#get he
acconpanyi gipdes and third and fAthhcaphtitdsREthk dapaditdtice BB Hourth rcagm&ﬁnt ation
of the a first stage of comunication betweén a reader and a passive RF

t r anspondebe¢ingrsufficiently sealletirerini epesatids, ithg catmerofi the seeomd rdctifiing 2 is a
di agrammati c reﬁresent at i@%n of ,a second stacaﬁqpf cqtirmuni cati on between the
reader andmenss flngfatesinabass withshe applied oscilfating vohage.cader it still
emtting the carrier wave, and the transponder is emtting a nodul ated
version of the carrier wave; FIGURE 3 is a diagrammatic representation of a

third and final W ke 3 t e
transponder of é?’gﬁ%g a%f’)eélin ?g@@ﬁgﬂ ﬁg@gg@%l{lﬁh‘éﬁ%ﬂgﬁpgﬁ%u % at ed
control si gReilfying circuit according to the above, in which the combined output of the

first and second rectifying means comprises a demodulated signal for the

transponder and the output is further bridged by a DC storage capacitor to

provide a DC power source for the transponder.

In order that the invention may be more readily understood, an
embodiment thereof will now be described, by way of example, with reference

to the accompanying drawings, in which:

FIGURE 1 is a diagrammatic representation of the a first stage of
communication between a reader and a passive RF transponder, in which the

reader is emitting a carrier wave;

FIGURE 2 is a diagrammatic representation of a second stage of
communication between the reader and the transponder of Figure 1, in which
the reader it still emitting the carrier wave, and the transponder is emitting a

modulated version of the catrier wave;

FIGURE 3 is a diagrammatic representation of a third and final stage of
communication between the reader and the transponder of Figure 1, in which

the reader emits a digitally modulated control signal;



6 FIGURE 4 is a circuit diagramof an RF transponder enbodyi ng the present
invention; FIGURE 5 is a schematic plan view of an arrangenent of
conponents on a known RF transponder; FIGURE 6 is a schematic plan view of
anot her arrangenent of conponents on a known RF transponder; FIGURE 7 is a
schematic representation of the curre flow on the metallic portion of a
| oop antenna with a single current provided by a signal, the direction of
the current flow being indicated by arrows; FIGURE 8 is a schematic
representation of the current flowon the netallic portion of a | oop

antenna when a re with an

enbodi nent of tmgeﬁllgon%cm% dﬁ%EggaRs a Sgﬁ@@ﬁdﬁ%lgerﬁ;g e@g gtlon of

. the | oop SéHtan@ntiongure 8 provided with a break in the Ioop FIG10 is a
bl ock di agl?ﬁaam of an RF passive transponder enbodying the present invention.

FIG11 is a circuit diagramof rectifying and nodemcircuits for use in an
RF transponder enbo I ng the_present invention. FIG 12a- f’LZb shows t he
wavef or ms produ §h% acschemiptic @larFyigw of an amangeqent ol SOMPENGRIK di agr am

of an added V?cn w%emgfrm%gl ol%léepas& ve

FIGURE 6 is a schematic plan view of another amrangement of

components on a known RF transponder;

FIGURE 7 is a schematic representation of the current flow on the
metallic portion of a loop antenna with a single cwirent provided by a signal,

the direction of the current flow being indicated by arrows;

FIGURE 8 is a schematic representation of the current flow on the
metallic portion of a loop antenna when a second current is provided by a

signal in accordance with an embodiment of the invention; and

FIGURE 9 is a schematic representation of the loop antenna of Figure 8
provided with a break in the loop.

- FIG 10 is a block diagram of an RF passive transponder embodying the

present invention.

FIG 11 is a circuit diagram of rectifying and modem circuits for use in

an RF transponder embodying the present invention.

FIG 12a-12b shows the waveforms produced by the circuit of FIG 11.



transponder enbodying the present invention. FIG 14 is a circuit diagram of
a superposition of the voltages of the rectifying and nodemcircuits for
use in a RF transponder enbodying the present invention. FIG 15 shows the
wavef ornms produced by the circuit of FIG 14. FIG 16a-16b shows exanpl es of
some of the possible antenna configurafions that, incorporating the above,
enbody the present invention. Referring to Figure 1, this is a block

diagramrepresepiing a first stage of gcommunicati on betwee reader | and
a passive RF trﬁfép&]dﬁra i’i"%&“&r?fnt ?Ié Ao Ivog‘?ﬁet Of a0 Qﬁf@q‘sf"é{auency
carrier waye. Fi { . %’9’ stage of communi cati on between
t he reader%ﬁ&aﬁgnﬁ?&aﬁgéﬁ%@rg??lﬁﬁ& I'th the reader 1 is still emtting

the carrier wave, and the transponder 2 is emtting a nodul ated version of
the carrier wave. Figure 3 shows the third and final stage of

communi cation, FIGWHY ¢ atdiccuiedagran ofm tsaperpdsigiohad themooltdges axf thent r ol
signal. Figure 4 shows a typical circuit diagramfor a passive RF

t r ansponderectifving and emedent igshits for IECpIMOGean‘ﬂ'a@PHGWI'nWOMr thei n whi ch
an identificatian code is stored specific to the transponder. The processor
3 is connePICSEMYIRVERHON el to, in order, a resistor 4, a capacitor 5, a
matching circuit 7 and a |oop antenna 8. A diode 6 forns part of one of the
connections between the capacitor 5 and the matching circuit 7, which diode

al lows current PRGTIS0ioMWsQft WiefBH3 Proguded titibie clrcuft Jff FIGERRAC tor 5 but

not in the other direction. The transponder's identification code is

nodul ated on to the carrier wave by controlling the DC | oad of the diode 6.
FIG 16a-16b shows examples of some of the possible antenna

configurations that, incorporating the above, embody the present invention.

Referring to Figure 1, this is a block diagram representing a first stage of
communication between a reader 1 and a passive RF transponder 2, wherein the
reader 1 emits a radio frequency carrier wave. Figure 2 represents a second
stage of communication between the reader 1 and the transponder 2, in which
the reader 1 is still emitting the carrier wave, and the transponder 2 is emitting
a modulated version of the carrier wave. Figure 3 shows the third and final
stage of communication, in which the reader | emits a digitally modulated

control signal.

~ Figure 4 shows a typical circuit diagram for a passive RF transponder.
This circuit comprises: a processor 3 having a memory in which an
identification code is stored specific to the transponder. The processor 3 is
connected in parallel to, in order, a resistor 4, a capacitor 5, a matching circuit
7 and a loop antenna 8. A diode 6 forms part of one of the connections between
the capacitor 5 and the matching circuit 7, which diode allows current to flow
from the matching circuit 7 to the capacitor S but not in the other direction. The
transponder’s identification code is modulated on to the carrier wave by

controlling the DC load of the diode 6.



8 In Figures 5 and 6, two known transponder designs are shown, in which
each transponder 2 has two separate antennae 10, 11 and a processor 3. One
antenna 10 is optim sed to receive comunication signals fromthe reader 1
and the other antenna 11 is optimsed to act, effectively, as a secondary
wi ndi ng such that an AC current is prowded in the antenna 11 by the
carrier wave radiated fromthe reader 1. Such transponder designs suffer
fromthe problemof the two antennae 10, 11 occupying a | arge anount of the
surface area of the transponder, thereby either increasing the size of the

%2228823%_ 3 r&néﬁg@%g% éﬁ)ﬁfh@%?@ﬁ%g&@g@ 3{:_ Opnﬁgmmef“wﬁerﬁg orm
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si gnal aroun e |l oo I'S represen y arro n this case,

current fl qhe iothérnamextnalil 1 6§ topithissd 3o ath%fﬂc@@@el?:? adfa Ec@ﬂdﬁlﬂwlddiﬂgst rates
the current flow which would occur, in use, in the antennae 10, 11 Tn the
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i ntroduced on this | oop , as shown Fn Figure 9, 1t treates in the

| oop 12, dithe spaveryailablecfor bthetr chinpdnents of thotrafispynder) y reduce the gain
of the antenna formed by this loop 12 as the arrangenent woul d then

essentially consist of two antennae in close proximty,

Figure 7 shows an antenna for an RF transponder in the form of a
metallic loop 12, of the sort commonly used in radio frequency antennae which
is operable to receive a signal. The loop 12 has a single port 15A. The direction
of flow of the electric current provided by the signal around the loop 12 is
represented by arrows 13. In this case, current flow is in one direction only.
The loop 12 of Figure 7 illustrates the curent flow which would occur, in use,

in the antennae 10, 11 in the transponders 2 shown in Figures 5 and 6.

An embodiment of the invention consists of an RF passive transponder
having a dual port coplanar loop antenna for. If the antenna 8 is configured as a
singie port coplanar antenna, the electric current flows predominantly on the
metallic portion of the loop as shown in Figure 7 to produce a radiation pattern,

the antenna having an associated antenna gain.

If a second port 15B is now introduced on this loop 12, as shown in
Figure 9, it creates a break in the loop 12, distuwrbing the current flow. This
would normally reduce the gain of the antenna formed by this loop 12 as the

arrangement would then essentially consist of two antennae in close proximity,



9 and the sane problens as encountered with the dual antenna sol ution woul d
arise. To solve the above probl ens, enbodi nents of the invention provide an
RF transponder with a relationship of current nulls on the netallic region
of the antenna to introduce the second port onto the | oop. For exanple, if
two signals are received by the loop 12 as shown in Figure 8, at respective
ports 15A, 15B, and these signals are in a phase relationship, standing
waves are created around the | oop 12, which will contain current nulls at
poi nts 14 andothedsame prokipms asvansountesed: withgthe; dual| apjgnng. sotption wanld ent

nul |l s are anal ogous to the stationary points on a resonating wire, and can
only be;w%ﬂ%ked when the loop 12 is fed by nore than one signal through
respective ports 15A, 15B. In this way, the ports 15A, 15B can be
positioned at or near the points 14 around the |oop 12 where the current

nulI's exist. |nTéRevxdenibdve prébleis Cefbodittente 6Ptk REAtidDBrdvidé agat ed at
a break in the loop 12 at or fnear a point 14 where a current null exists.

I n this meRFdransporedesivoitiab sclationship o cumrentimels dnythemetaligregiontdfithegh t he
ports 15A, 15B do not have a significant effect_on each other conpared to
the ef f ectanienmsetd mroduee thensecpnd portonse theloop: Fopsxampleaif vo signglsa

curTent ikl By IRBIGH AR el PR BB s 3, DSEEDL
Ve T 4 e S R Y PR i e B BRE
t ranspondeghedoop N %, RehieR $&il0éortai’ Qirfdnt ¢RiIS "H oINS 4 ouhd ehé fospnidon, the
gain of the main port 15A for the signal is about 4 dBi, and the gain of
t he secondwheretno charge is flowing. These current nulls are analogous to the stationary

points on a resonating wire, and can only be produced when the loop 12 is fed

by more than one signal through respective ports 15A, 15B. In this way, the

ports 15A, 15B can be positioned at or near the points 14 around the loop 12

where the current nulls exist. In the example of Figure 9, the second port 15B is

located at a break in the loop 12 at or near a point 14 where a cwrent null

exists. In this manner, the signals which are received by the loop 12 through the

ports 15A, 15B do not have a significant effect on each other compared to the

effect caused by a second port which is not located at or near a current null on

the loop 12. This dual port antenna design can be applied to any loop antenna

to optimise the gain.

. Preferably, one of the signal waveforms is the carrier wave from the
reader 1 and the other signal waveform is the modulated version of the carmier

wave transmitted by the transponder 2.

In the case of a preferred embodiment of the invention, the gain of the
main port 15A for the signal is about 4 dBi, and the gain of the second port
15B, used for the other signal comprising, for example, a communication
signal, is about 2.5 dBi. A higher gain delivers higher power for the antenna

which will therefore be more effective.



15B, used for the other signal conprising, for exanple, a conmunication
signal, is about 2.5 dBi. A higher gain delivers higher power for the
antenna which will therefore be nore effective. 10 The dual ports can

al so be used in dual polarised transm ssion in other comuni cation systens
i n which both signals conprise conmunij@ation signals. Circular polarisation
can be achieved if the two ports are fed 90[err] out of phase. Previous
attenpted solutions using RF transponders with dual port |oop structures
have been based on mcrostrip configurations. This has the drawback of
requiring high quality substrate which increases the production cost of the
structure i ncor-gb? dﬂﬂ%g"ﬁhéa'aﬁls@rhﬁa&ls@u@hd‘éﬂ poharrged; transmissiere in othert her |
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by the feeds fromthe two ports, since it is fed by a microstrip which is
an unbal anced line. In an enbodi nent of the invention, a break is created

in the | oop geoPmiviguscittdnistedsbkamions using RF echusporidees sdthodwhl port lobpsed on
coplanar stripline, which is a balanced transm ssion |ine structure. Thus,

]ICQF trans ppmrh_ cer’dwdl)bieng based ommicrostoip mﬁgulratimq'['his hhﬁ\tbe ﬂr?vbm‘kenna
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cont ai ni notRuent MGRARNRE e ARERRY kith hY BpPRE FlsnbBdE FullBelhe oo on

link wth bhRndedRe woullSchange its radiation pattern or lobe from an optimal or

desired pattern. However, a fundamental difference between such a design and

)

an RF transponder having a coplanar loop embodying the present invention is
that the loop structure of the previous design is not changed by the feeds from
the two ports, since it is fed by a microstrip which is an unbalanced line. In an
embodiment of the invention, a break is created in the loop geometry of the
antepna to introduce the second port based on coplanar stripline, which is a
balanced transmission line structure, Thus, RF transponders embodying the
invention do not need to have the antenna formed using high quality substrates

thereby lowering the manufacturing cost of the resultant RF transponders.

Figure 10 shows the major sub-units of an RF passive transponder 2
cmbbdying the present invention and containing a dual port loop antenna,
which sub-units act as a communication link with the reader 1. As a
consequence of electromagnetic coupling between an antenna at the reader 1
and the transponder antenna 12, the transponder 2 receives a portion of the
radiated signal. In the transponder 2, the second port 15B of the loop antenna
12 is connected to a Modulator/Demodulator (modem) circuit 16. The modem
circuit 16 is in tum connected to an Inpuv/Output port 17 of a data processing
unit such as a baseband processor (e.g. ASIC or microprocessor) 18. The

function of the modem 16 is to demodulate the received radiated signal and



- consequence of el ectromagnetic coupling between an antenna at the reader |
and the transponder antenna 12, the transponder 2 receives a portion of the
radi ated signal. In the transponder 2, the second port 15B of the | oop
antenna 12 is connected to a Mdul at or/ Denodul at or (nmoden) circuit 16. The
nodemcircuit 16 is in turn connectedijo an Input/Qutput port 17 of a data
processing unit such as a baseband processor (e.g. ASIC or m croprocessor)
18. The function of the nbdem 16 is to denodul ate the received radiated

si gnal anadlso madalateticudnedded iientificattedinfolemationi coatei contdinédimthiei date code
contained in the data_ processing unit 18 in a hackscattered version through
the second®rpeAssingImit i# i phpckseaitered yarsion thepughoths ssperdpert 158, sThennect ed
to arectifier cirgut whi ch converts a portd on of the recejved

adiat ed SERGPO 04 of 8B JATh AnsRRa o ioesnfield 8 s Jerlald SRS o suppiy
power to t | ' . : A0 G s dto

pr event trfgﬁggﬁ"g’ﬂg%?&e P? h{/&g\ P glél:lae \%ﬁcgﬁvaetﬁfeg&t@gﬁs%%e!rﬂfozg?‘gcpygc “in close
proxi m ty Tis P voRage sovrce i givdetolshppliopeweitodibe alata proeessiudy aei 1@rbodi nent
of the invention in which the DC circuitry of the rectifier circuit 19 and
nmodem ci r ciivoltage dimitero?@ tis addedi to preveat dhemoversupplyocofhveltagenwhen zhe Due to
the geonetry of the |o ntenna 12, a first port 32, which acts as a
ground portfanspoR 1'(5-]2 Edﬁg‘F &tl‘i’s(?rﬂm?‘g“%é%@°§ﬁﬂ‘ieéd~vvith the rectifier
circuit 19 and the nodemcircuit 16. The rectifier circuit 19 conprises a
first matching network 29, a first capacitor 25, first and second m crowave

di odes 21, 22 amgugp ?Psm;ewmoaémmpggré@éd CREBUimdnt N AR InYEntich §Re i n
port 15A. The radi ated signal receiv at the main port 15A i s shown
schemat i cavhichi theFD@UeRcdibyasf e RctifieyeircanUIT an&[moddm clivhitnblemeci rcuit
16 conprises a second matching network 30, a second capacitor

constructed on the dual port loop antenna 12. Due to the geometry of the loop

antenna 12, a first port 32, which acts as a ground port in this configuration, is
being shared with the rectifier circuit 19 and the modem circuit 16. The
rectifier circuit 19 comprises a first matching network 29, a first capacitor 25,
first and second microwave diodes 21, 22 and a DC reservoir capacitor (DCR)
37 connected to the main port 15A. The radiated signal received at the main
port 15A is shown schematically in Figure 11 as an AC power source E,. The
modem circuit 16 comprises a second matching network 30, a second capacitor
26, third and fourth microwave diodes 23, 24, a third capacitor 27 and a resistor
31 connected to the second port 15B, shown schematically as an AC power
source Ey. The dimension of the loop antenna 12 is one wavelength. The two
ports . 15A, 15B are located substantially at current nulls and are a quarter-
wavelength apart. Thus, any variations at the port terminals on one of the ports
will cause minimal changes to the port impedance of the other port and vice
versa. The voltage E, represents an open circuit RF voltage provided in the
~ loop antenna main port ISA by reception of the radiated signal. A voltage
doubler, which is made up of the first capacitor 25, the first and sccond
microwave diodes 21, 22 and the DCR capacitor 37, charges up until its
terminal voltage is equal to Vy, the voltage between a second terminal 33 and

the first terminal 32 (the voltage across XZ). The first matching network 29



26, third and fourth m crowave di odes 23, 24, a third capacitor 27 and a
resistor 31 connected to the second port 15B, shown schematically as an AC
power source E[err]. The dinension of the |oop antenna 12 is one

wavel ength. The two ports 15A, 15B are |ocated substantially at current
nulls and are a quarter- wavel ength apart. Thus, any variations at the port
termnals on one of the ports will cause m niml changes to the port

i npedance of the other port and vice versa. The voltage E[err] represents
an open cican betcoRtprised icfgesepies of drethictors bheapavipramdeisnscddo match thel 5A by
reception _of the radi ated signal. A voltage doubler, which is nade up of
the first inpedenceoet the maia gart d6Aakn the dynanis émpedanse ofothes voltager > and

he DCR ' 37 h il | pal I ' I
Werr), Aol oo ko AGBIERE naubimy posich transtcss 1k paiye. OF e Secily nal 32
th | t : h ' hi t 2

compr | sed SApRAREGE it Shoschfh bb EncTPady \AGe S MBS Re quder OEE | |\

| npedance gefosk ez Mk TeR®ér it SabsthtidiRechstat) tid B&Qﬁ%@@ a9’a DOeoutpht age
doubl er so as to achi eve maxi num power transfer. The val ue of the second
capaci t or vdlags fatuseas a power soufdd for ¢int transpander. t o snoot h t he out put

vol tage across XZ and render it substantially constant, this being used as
a DC out put voltage for use as a power source for the transponder.

Li kew se,

t.he vol tage .EB represents an open ci. it JRE vol t. .proovided in
the 1oop. ket LECRasIr TepRmen Riodih PumibRY, voifles sfoviBEf i BR. “Tre
second ca ' , o 1 Ba?‘g L h ' s , t he
third capggﬁ %ﬁfeﬁggﬁm&?égl S orrécggﬁ%'gropgrfém ¥ WO ?gi@??or?sgg s,? atd of a
vol tage deuphéitora8] A tisiry Rhd FowHE hilSloWave HiSdds' 23 240 thitéd dpakiter t hird
capacitor 27 and the resistor

27 and the resistor 31 perform two functions: that of a voltage doubler and an

envelope detector. The time constant of the third capacitor 27 and the resistor

31 is small enough to envelope detect the signal to recover a voltage Vi across

the first and second terminals 32, 33. The second matching network 30

performs the same function as the first matching network 29. The value of the

fourth capacitor 24 is chosen to be sufficiently small that the fluctuations in the

signal received at port 15B are not smoothed out, and the output across YZ is

used as demodulated data by downstream logic circuitry in the transponder.

Figure 12A shows the rectified voltage waveform Vr (the DC output
voltage) across the second terminal 33 and the first terminal 32, and Figure 12B
shows the modulated voltage waveform Vy across the third terminal 34 and the

first terminal 32.

Thus, in the circuitry of Figures 10 and 11, the output of the modem 16
is the demodulated data (the voltage across YZ) and the output of the rectifier
19 is the power supply for the transponder (the voltage across XZ).

Figure 13 shows a further RF transponder embodying the present

invention in which the demodulated signal from the modem circuit 16 is



31 is small enough to envel ope detect the signal to recover a voltage
V[err]. across the first and second termnals 32, 33. The second matching
network 30 perfornms the sane function as the first matching network 29. The
val ue of the fourth capacitor 24 is chosen to be sufficiently small that
the fluctuations in the signal receivetl3at port 15B are not snoothed out,
and the output across YZ is used as denodul ated data by downstream | ogic

circuitry in the transponder._ Figure 12A shows the rectified voltage
wavef or m VRO d)@vmtmt redfifiedgsignat r Gom tthe reetifiod cirouii 191 3Thend t he

first termgna ,and Fi gur 1 sho t he dul ated vaql t age waveform
V[err] acroggmpmfdt hi'$ gqsrrﬁ}f‘a %\%d erﬁct%iéarﬂﬂﬁﬂg% R tPhﬁ?, in the

gle;rlc)gm ;%legt%ﬂ;g%ﬁﬁgavol ac%"gggw%gng{?%?ﬁbg?%ﬁq@c?ﬁ gcttoifier 19

is the pO%btdiﬂRﬁisYcofuﬂfméd‘%Ité SRPHHEESo i 628 u?@'il@sﬁlc@r digdur e 13

shows a further RF transponder enbodyl ng the presen I nvention I n I ch the

denpdul at edowitly macrdwave diodes28ied ai¢ durévelse polarity. 1 Thugbothee HECR t he
rectified signal from_ the rectifier circuit 19. This "combi ned" si gnal

has the ef CaRacir 3fdand thet thirdrcapacitared? wall ﬂ’aggth.t{ salme} polarityén &Amrsggfe
dul at ed t F 14 sh f t
obtai n thi YOLLBED xﬁ{f”iltea'egfaj{s%nm; RRAOR B, B RLtEESS P ﬂmsﬁﬁgeoa nird
df th th t
BOR capact CpiPHTGprt B8 B Sandehof 0. he s RHAIRE WiGeftim skofick s 211y 1

terns of V@hp@?esm-'éhlﬁ' i@chﬁe&'aﬁﬁ derdGdul fed GHEHA ﬂ{ '\»fh”clpfthﬁt @m\f&ﬁlﬁ s of

the DCR capacitor 37 and the third capaci tor 2 The resul tant waveform
across XY isgnal sits on the rectified signal with a DC offset of Vg as shown in Flgure

15B. This waveform has the same pattern as the waveform Vy in the example
described with Figure 17, but has sufficient magnitude to be read directly by
the digital circuits that reside in the basebaud processor, thus obviating the need
for comparators to boost the waveform. Using this technique of combining the
rectified and demodulated signals improves the performance of the transponder
by increasing the effective range over which the transponder will operate and
reduces the number of components required and hence the power consumption
of the transponder. The ability of the modem to eliminate the need for
comparators not only saves on space but also reduces substantially the overall

power consumption of the system, comparators drawing considerable power.

" Referring again to Figure 14, a fifth diode 35 is included to provade
further rectification. A fifth capacitor 36 represents a DC storage capacitor
connected across the second and third terminals 33, 34. Figure 15C shows the

output waveform of the boosted rectified voltage across X’Y.

In summary, in the circuitry of Figures 10, 11, 13 and 14, the output of
the modem 16 is the demodulated data (the voltage across YZ). In the circuitry
of Figures 10 and 11, the voltage across YZ represents modulated data to be
backscattered to the reader 1, and the output of the rectifier 19 is the power



superposition of rectified and denodul ated signals in which the denodul at ed
signal sits on the rectified signal with a DC offset of V[err] as shown in
Figure 15B. This waveform has the sanme pattern as the waveform V[ferr] in

t he exanpl e described with Figure 11, but has sufficient magnitude to be
read directly by the digital circuitsldhat reside in the baseband
processor, thus obviating the need for conparators to boost the waveform
Using this techni que of conbining the rectified and denodul ated signals

i nproves tsupphyefor shentvansparider iithet valtagp asenss %4).ilndthe sinenigryt pE Figuresti ve
range over __whi q thﬁ prﬁns ggder w ||, gperate and hﬁguces t he nunber of
corponent 93 aRflilfegither he doltage Aerass ey Qothati ARHOSH ¥ & MAYHEEPIeSeRt Wider . The

on spave 44§ EEBRRst Aol T B SabclPL R Shnc BRI BB BRARURTBY 707

the syst enrhe nfjiaM 36Ung tHE Mtﬂﬁrqgﬁit% paRee s for iR ﬁiﬂépﬁﬂdﬁg@x@ to

Figure 14, a fifth diode 35 1s included to provide further“rectification. A
fifth capaxdl(tage acfoss 8Jgsents a DC storage capacitor connected across the
second and third termnals 33, 34. Figure 15C shows the output waveform of

t he boosted rectified voltage across X ;( Ihn su(rjmary, in tEe ci rcgiltry gf

Fi 10, 11,13 14,, 16 i ]

dialf’!f Cthe voi t o seoHfies Sipguiss Wéireé’gabaﬁﬁ TRy, e rusedpithatnes :E he
YZ. .

el RIS BB APRRABRER B Byl

‘the transpgpdRs (6ASnmiEBI% A°pRTERITNe Hae!iR Fop i 8oRgopes 13 and

14 either tHe voltage across XY or that across YZ nmay represent the data to

be backscaiipelecshtéthac® srtaned atlapprodimidiely D00 ed brslassthiby, ned out puts of

The above two rectifying circuits are especially suited for use on RF
transponders embodying the present invention since the combined area
occupied by the dual port antenna and the rectifying circuit is small compared
to other designs which do not embody the invention. Further, the above
described rectifying circuits can be used with the antenna configurations shown

in Figures 16a and 16b to minimise transponder size.

Although the above embodiments describe a transponder which derives
its power from a radiated signal, it is envisaged that the rectifying circuit of the
present invention would also be extremely useful on a transponder which has a

built-in power source, for example a small battery mounted on the transponder.

In addition, it should be noted that whilst the majority of the description
of the transponder is directed to its operation when in a receiving mode, the
transponder is also operable in-a transmitting mode. Operation in the

transmitting mode is clearly apparent to a person skilled in this technical field.



the nodem 16 and the rectifier 19 is the power supply for the transponder
(the voltage across X' Y). The rectifier circuits of Figures 11 and 14 nmay
be used with other configurations of antennae, such as the antenna
configurations presented in Figures 16A and 16B. It is preferred to have
two | oop antennae 39 or two dipole ant®&nnae 40 oriented at approxi mately
90[err] to one another. The above two rectifying circuits are especially
suited for use on RF transponders enbodying the present invention since the
conbi ned area occupi ed by the dual port antenna and the rectifying circuit
is small g%ggg%ed to other designs which do not enbody the invention.
Further, the above described rectifying circuits can be used with the
antenna configurations shown in Figures 16a and 1 6b to m nim se

transponder size. R? t_houn%tgl thS above enbodi nents descri be, a traps onder
whi ch derilves A% R3oHaps ayiggag: Aewy fa¢ antenna Copprisigallaiht t he

on @ t1 andpBnBEits APAbREL L RRERE, B, uith Stk Cu” B8, Yo SHERAVTI T

bat t ery st LASHAAPASRASN o chiveRHGHIs U oid R dedif BPYRY thal

whilst the majority e description o e transpon Is directed to

its oper atpoms bahgnlocated subsiennaligataiaredtimelll r ansponder is al so operable in
- atransmtting node. Operation in the transmtting node is clearly

apparent to a person skilled in this technical field. 15 dains: 1.
An RF transponder having an antenpa, t antenna conprising at _|east two
ports operabl e Al egé’i‘ﬁP@ngngWga%éﬁQﬁﬂﬁaa wherep: ?H%“@gﬁ%ilio‘?m

antenna.

3. An RF transponder according to Claim 2, wherein the loop antenna is

formed as a coplanar structuye.

4. An RF transponder according to Claim 2 or 3, wherein the loop antenna

is a rectangular loop.

5. An RF transponder according to any preceding claim, wherein the

number of cwrent nulls is two.

6. An RF transponder according to any preceding claim, wherein the length
of the perimeter of the antenna is substantially equal to two or more half

wavelengths of at least one of the signals.

7. An RF transponder according to any preceding claim, wherein the

signals are 90° out of phase with each other.

8. An RF transponder according to any preceding claim, wherein coplanar

stripline is provided for feeding the signals to the antenna.

* c L M S *



conbi nation establish at |east two current nulls on the antenna, each of
the ports being.located substantially at a current null. 2. An RF
transponder according to Claim1, wherein the antenna is a | oop antenna. 3.
An RF transponder according to Claim2, wherein the |oop antenna is forned
as a copl anar structure. 4. An RF 16éansponder according to Claim2 or 3,
wherein the | oop antenna is a rectangul ar | oop. 5. An RF transponder
according to any preceding claim wherein the nunber of current nulls is

two. 6. 9-An A RBisaspeederaaesrdinggta anynpresediagdrlaime vhereinnther ei n t he
| engt h of _the peLi f the antenna is substantially equal to two or
nore hal f W@Pgﬁggﬁé?{)ﬁ%t | east one of the signals. 7. An RF

t ransponder according to any preceding claim wherein the signals are 90
out of phase with each other. 8. An RF transponder according to any

precedi ng 10l ai A redtefytig ceout %ﬁﬁtairﬂhii Igi:p@rté,se&hq%rd%hfgobpé_xﬁ'eﬂi g the
signals to the antenna. 16 9. n transponder according to any
pr ecedi ng haveiaw osshBatirigh voliegenappliad thereasross bys at sigoal;l @. firsh reestelyirig/i ng

circuit containing two ports, eac ort bejng, operable to have an,

oscill ati W%ﬁ?‘ﬁg& Coppecte tPH@FégéEé’gEt b‘}A heingypenstrugted; F‘!ﬂ% g@ét % yi ng

means bei ng _connegted to,t faIsSt rt and bein onstructe uch, that, in

operati on,o%F O&ﬁbﬁgutgf‘t Pf}@tﬁﬁwﬁfecﬁ@pg@?m 'ﬁéghéaﬁln%é fiod ’i%ﬂq y

constant, ;aQkond rectifying means being connected to the second port and being
constructed such that, in operation, the output of the second rectifying means

fluctuates in phase with the applied oscillating voltage.

11. A circuit according to Claim 10, wherein the rectifying circuit has an
output comprising the outputs of the fust and second rectifying means

combined with one another.,

12. A circuit according to Claim 11, wherein the combined output of the
first and second rectifying means is of sufficient magnitude to be read directly

by conventional digital circuits without being amplified.

13. A circuit according to Claim 11 or 12, wherein the outputs of the first

and second rectifying means are combined by summation.
14, A carcuit according to any one of Claims 1} to 13, wherein the
combined output is bridged by a DC storage capacitor to provide a DC power

source.

15. A circuit according to any one of Claims 10 to 14, wherein the first

rectifying means performs a voltage multiplication effect.

T



a second rectifying nmeans being connected to the second port and being
construct ed sychndak Bednegimed ation, the output of the seeond- rectlfyrng”i
means fl uctuat th the appl ied oscillating olgﬁiag?é”i A
circuit accordﬂmmmg:ml 0, wherein the rectifying ciircui thaLsuan out pﬁjt
conprising the e first didd second rectifyi r%’g‘"ﬁeans conbi ned

w th one anot her. A circuit according to Claim1ll, wherein the

conbi ned out put of the first and second rectifying neans is of sufficient
magni t udel&o bA cizsait ascprding o By Gmﬁ\&frﬂa@m&lm@g&, avheseincthersscond hout

bei ng anpli f. 13 rcui t., accor im11l or 12, wherein the
out put s d]ecgﬁ/éngmegps HFHCQB%BHHR?W&WW%G 'ﬂ%&f are combi ned by sunmation.
14. A circuit according to any one of Clainms 11 to 13, wherein the

conbi ned output is bridged by a DC storage capacitor to provide a DC power

source. 1y ACkifu hoiditCioNshy dnBrof ClEmS!1kelIaD Wiikréia i, fisber o n the

first rectifying nmeans perférns a voltage nuitiplication effect. 16. A

circuit aectifydihgomeansanpmprseoifust andssebdntodibdes vangdr irst hhé momhd
rectifying neans perforns a voltage nmultiplication effect. A circuit
accor di ngcapacitens, dtwecaﬂac@ammf e sesond cmt@.wméufﬁqmﬂy @ég‘i’ #9i ng means

ESESELfS?mB FRL %ﬁfa%”q‘i@fr#réosnia?ﬁfeﬁiﬁ% C@f@ﬁ?&{wobf‘ﬁe a
fgﬁff;?%ggﬁéﬁﬁé"é%% 3&#@&?@?{9@%&%{@&?” 16" A cireut according to any

one of Clains 10 to 17, wherein the second

18. A circuit according to any one of Claims 10 to 17, wherein the second
rectifying means comprises third and fourth diodes and third and fourth
capacitors, the capacitance of the fourth capacitor being sufficiently small that,
in operation, the output of the second rectifying means fluctuates in phase with

the applied oscillating voltage.

19.  An RF transponder including a vectifying circuit according to any one of
Claims 10 to 18, wherein the combined output of the first and second rectifying
means comprises a demodulated signal for the transponder and the output is
~ further bridged by a DC storage capacitor to provide a DC power source for the

transponder.
20. An RF transponder according to any one of Claims 1 to 9, wherein the

transponder further comprises a rectifying circuit according to any one of
Claims 10 to 17.

21.  An RF transponder having the rectifying circuit of any one of Claims 10

to 18, in combination with two dipole antennae.

22. An RF wtansponder substantially as hereinbefore described with

[

reference to and as shown in the accompanying drawings.



rectifying means conprises third and fourth diodes and third and fourth
capacitors, the capacitance of the fourth capacitor being_sufficiently. .. _ ..
small that, in operation, the output of the second rectiflyjimg smaTsHal, .cN |
fluctuates in phase with the applied oscillating voltage.{ 19. prAn::RFE;

transponder including a rectifying cif8uit according to ary-ene—ot—C-ai-
10 to 18, wherein the conbined output of the first and second rectifying

means conpri ses a denodul ated signal for the transponder and the output is
further bridged by a DC storage capacitor to provide a DC power source for

the transpqgnder, 20..,..An RF transpond accordin 0 any ope . of Clains 1
{0 9, whern tfhe TEGHEKIBo ke &Pﬁ%@?ttQMﬁ SeacizBetoge Gicmbed Mt ¢

acti fyi ngelrih 6% ol b ebdbleny By dreudBer Conbi nation wth two

di pol e ant ennae.
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