6 Septenber 2006 AN ANTENNA Background of the invention The present
invention relates to an antenna, and nore particularly to an 5 inproved

antenna for use with radio frequency identification (RFID) ags
can be used in many applications including tracking goods iﬁaéﬁg%@y&boorors

Wi thin a production facility, or for use in anti-pilfering systens to
protect articles fromshoplifting. 10 A pr_olb_l emw th such tags, which are
designed to be used globally, is that it is difficult to design a tag that
is suitable for use in all regions of the world without a licence. This is
due to the differing regul ation regines operating in different countries.
15 It woul d be desirable to inplenentAM ANEENNA wi de band tag that operates
on the Industrial Scientific and Medical (ISM band for both the US (902 -
928 MHz) and Europe (869.40 - 869.65MHz). Different regul ations govern the

per formance oBadkgraasd opthialnvemtion t he | SM band in different countries. In
the USA a imumtransmt power of 4W (EIRP - Equivalent |sotropically
20 , Radi at ed! BvidEFent inyangaRarelatra fon apuaniganaa angdx marem padicsiarly fsowsr ~ of

0.5W (ERR - i %?ﬁ.g R + i f i the
form of th%e ' Xr?%égn‘églf oweigP i%%eevgc F%dé%ﬁgﬁb%@%@;pﬂ@tﬂbomﬁg;f’qeqse
reference soutage.canTbe WA mefremgnagplicatioms irbhading teicking gobadiimteinsitasd

t he European reference, i ?.adf.ggol e, 25 Passive tags can only radiate when
i nt errogat ed ‘é{gh'f‘t%?rqdéﬂ"?)mé Gl P fon use i Antipifesingcsyatems t piofest adictes.
Active tags, feyeRbliftiran potentially radiate at all tinmes and thus may
interfere with other devices in their vicinity. 30 In order to operate on
both bands for the USA and Europe, it is desirable to have a w de band

antenna "’r‘ot h A%lrgﬁlje%elnxthhsiu%ﬂ tgais,nw it ésrréaéésiésr%ezdeto be used globally, is that it is
difficult to design a tag that is suitable for use in all regions of the world without
a licence. This is due to the differing regulation regimes operating in different
countries.

15 It would be desirable to implement a passive wide band tag that operates on
the Industrial Scientific and Medical (ISM) band for both the US (902 - 928
MHz) and Europe (869.40 - 869.65MHz). Different regulations govern the
performance of devices operating in the ISM band in different countries. In the
USA, a maximum transmit [;ower of 4W (EIRP — Equivalent Isotropically

20 , Radiated Power) is allowed, and in Europe, a maximum transmit power of 0.5W
(ERP — Effective Radiated Power) is allowed. The difference in the form of the
maximum allowed in each region is derived from a different reference source.
The USA reference is an ideal isotropic radiator, and the European reference is
a dipole. '

25
Passive tags can only radiate when interrogated as they rely on received power
to generate a transmission. Active tags, however, can potentially radiate at all
times and thus may interfere with other devices in their vicinity.

30 In order to operate on both bands for the USA and Europe, it is desirable to
have a wide band antenna with relatively high gain and small size.



6 Septenber 2006 -2 Description of the Prior Art Types of antenna that can
be used include mcrostrip, dipole and |oop antennas. A disadvantage of
the microstrip antenna is the relatively large size 5 requbég%t%r%erz 06
performance at a frequency of around 900MHz. Thin profile mcrostrips have
narrow bandwi dth and poor radiation efficiency with a |ossy substrate.
Therefore, planar patch antennas are not a gpod choice for a [ow cost
solution. Dipole and |oop antennas have simlar behaviour and their _
conductors can be supported on a |ossy substrate without sacrificing their
gain 10 performance. Loop antennas operate well in nmagnetic near field
coupling, or electric far field propagation. Summary of the Present

| nvention In LFiskiolr, f present invention provides an antenna
for use in a Bﬁébgggiag @?gguﬁ%?yA dentification (RFID) tag, including a

plurality of Types efeahteopa thatecamsbeli syuas daclode cwivrosteipl |dipele and loop
i of |.oop antennas being electrically

i al ) ! v
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. - . h g "

w Chout e ar o Dne (Ot pETbfie B dhetuiiney 26L HRORAT agitc, R prbre
CGenerally, a@m&ﬁostﬁgs&ay@nwmwhancmi:dihtarnd)pﬁar m:mdii*atioﬂll @tﬂﬁniamnt:;ewith @lrl@ssryeSZS

i i i t hat t he outer, | oop antenna al one.
Embod rrent s ST S LASRTOR DR St} 80aamaarAarieh SoP, CHSES 1o & oWy
having a w decdsanebilfisi Digtie M dosiaireds hayBSRARH béhaiall SRS 3R
relatively high gain. Tags using antennas according to enbodi nents o he
i nvention, c&¥® &G €anrppeprArtathon algesysubksimaie without sasrifiding thdiegaint i r e

band at peWer Gformdrte? LB dtEhias 8Berate well in magnetic near field coupling, or
electric far field propagation.

Summary of the Present Invention

In a first broad form the present invention provides an antenna for use in a
15 Radio Frequency Identification (RFID) tag, including a plurality of discrete loop

antennas disposed concentrically on a substrate, each one of said plurality of

loop antennas being electrically isolated from each other one of said plurality of

loop antennas.

20  Multi loop designs can increase the band width of the antenna significantly,
without enlarging the size of the antenna by a substantial amount. Generally,
adopting a concentric layout for a multi loop antenna ensures that it occupies
the same size as that of the outer loop antenna alone.

25 Embodiments of the present invention provide an antenna for use in a tag
having a wide band (868 - 928 MHz) small size, low profile, low cost and
relatively high gain. Tags using antennas according to embodiments of the
invention, can achieve an operating range of about 3 metres, for the entire
band at power of 1 to 2 watts ERP.

30
Embodiments of the present invention may also find uses in active tag and
semi active tag technology, both of which may be partly powered at least by



Enbodi ments of the present invention may also find uses in active tag and
sem active tag technol ogy, both of which may be partly powered at |east by

6 Septenber 2006 -3 batteries. Furthernore, the technol ogy
enployed in other fields such as RF signal detectors. Pr efg%F%ﬁé}h@Poop

antennas are configured to be generally rectangular in 5 shape. In an
alternative enbodi ment, the surface area oqupied by the antenna may be
reduced by configuring the | oop antennas as neander | oop antennas. 10 The
| oop ant ennas may advant ageously be di sposed on a Printed Grcuit Board
(PCB). The ing%&édual Io%p ant ennas may be di sposed on one or nore |ayers
of the PCB. 8% p FrtheFBok, e dachnalegis Bwayaalsp dec empleyad inoothesrfisidma,

a closed inneg,cH 3 I[:(cpoggﬂgltgé}g rand an open feed | oop antenna extending
between a pair o ?eed termnal's, said feed | oop antenna bei ng di sposed

bet ween said outer and inner |oop antennas. Brief Description of the

Drawi ngs 20 Fa;r fa %\?ttﬁr@ nder st andi ng of the present invention and to
under st and hoW&HEPH BRlepnga e ¢onfiguead detbe greerallyeractangulan in now
be descri bged anﬁ/@y of exanple only, with reference to the appended

drawi ngs in which: Figure 1 shows a plan view of a tri-|loop w de band
antenna with rectangular 25 configuration, according to an enbodi nent of

the invention, Figure 2. sho neanger |ti | oop antenpa having a smaller
si ze conpared™ ?%%Qf&%Wﬁ ?%ﬁﬁ&’@’%ﬁt &? PrRGCASa; Qccypigsh by |the anternapavne
effect of theb@reduddy 6orifigulngithe IS8Y ShtehRa® as FMsHEE Mo AnfdifagNt €nna
gain. 6 Septenber 2006 ,

10 The loop antennas may advantageously be disposed on a Printed Circuit Board

(PCB). The individual loop antennas may be disposed on one or more layers of
the PCB.

Preferably, the antenna includes a closed outer loop antenna, a closed inner
15 loop antenna, and an open feed loop antenna extending between a pair of feed

terminals, said feed loop antenna being disposed between said outer and inner
loop antennas.

Brief Description of the Drav{rings

20 | For a better understanding of the present invention and to understand how the
same may be brought into effect, the invention will now be described by way of
example only, with reference to the appended drawings in which:

Figure 1 shows a plan view of a tri-loop wide band antenna with rectangular
25  configuration, according to an embodiment of the invention:

Figure 2 shows a meander multi loop antenna having a smaller size compared
to that of figure 1;

30  Figure 3 is graph illustrating the effect of the area encircled by the outer loop
conductor on the antenna gain.



-4 Figure 4 is a graph illustrating the variation in frequency and gain
characteristics wwth different loop links; Figure 5 is a graph illustrating

the variation in return loss with different 5 frequencies; gk
di agram showi ng the configuration of a passive tag circuit; 65"3’%’&P§h?°206?
is a diagram show ng the configuration of an active tag circuit.

Det ai |l ed Description of the Preferred Enbodi pents Figure 1 shows a rrultl

| oop antenna 10 according to an enbodi nent of the invention. The antenna
10 is illustrated in a formsuitable for use with an RFID tag. The antenna

10 includes a ubstr te 20 on B/n g& d| s osed three 15 generally
concentric an ofs a309"3@ l c¥aiiafignddnc dragugncineadnagainop

50 may be Use@hé%&&%mﬁ#&ﬂé@h &3’3 at ed electronic circuitry, helping
to minimse the overall area occug)l! 'gﬁd "the tag. 20 The outer |oop 30 and

i nner parasitic |loop 50 are cl osed Ioops The central loop 40 functions as
a feed | oop, has a pa d.terminals 45. The resonant frequency of
the antenna 1 &ﬂg ét &r i ﬂé%oci'byl lff?@gﬂﬁl |V8F|a'@)‘?n insreteey doss vt Wifferesbne
way det er g negteBMehéiesphysi cal characteristics of each antenna | oop 30,
40, 50. The outer loop 30, with its longer |oop-length resonates at a

frequency falllng within the | ower portion of the antenna band of
he antenna

operati on. t effect
characteri sti E@dr‘g@gst%o '?@%’ﬁgﬁé‘ﬁng QFPUFQU@'QBO adapser g sincyiipand wit h
its parasitic el errent 50 resonates at a higher frequency due to its

shorter | oop }__ and acts to extend the upper portion of the
:gu e 7 is a diagram showing the configuration of an active tag circuit.

10
Detailed Description of the Preferred Embodiments
Figure 1 shows a muiti loop antenna 10 according to an embodiment of the
invention. The antenna 10 is illustrated in a form suitable for use with an RFID
tag. The antenna 10 includes a substrate 20 on which is disposed three
15 generally concentric antenna loops 30, 40, 50.

The space inside central antenna loop 50 may be used to accommodate any
associated electronic circuitry, helping to minimise the overall area occupied by
the tag.

20
The outer loop 30 and inner parasitic foop 50 are closed loops. The central loop
40 functions as a feed loop, and has a pair of feed terminals 45.

The resonant frequency of the antenna 10 is determined by a combination of
25 factors, each in some way determined by the physical characteristics of each
antenna loop 30, 40, 50. The outer loop 30, with its longer loop-length
resonates at a frequency falling within the lower portion of the antenna band of
operation. This loop 30 has a dominant effect on the antenna characteristics
due to its larger aperture size.
30
The feed loop 40 with its parasitic element 50 resonates at a higher frequency
due to its shorter foop length, and acts to extend the upper portion of the
antenna's band of operation.



antenna's band of operation. 6 Septenber 2006 -5 Parasitic |oop 50 has the
effect of altering the inpedance of the feed loop 40. It can also have an
effect on the resonant frequency of the feed | oop 40, whi Cheé@:ﬂ@ﬁnbkp%ooe
decrease as the space between the two |oops is decreased. The I mpact on
outer loop 30 frominner loop 50 is not significant provided that the

spaci ng between the two |oops is greater thag_0.05x,. In practice, the
design of an antenna having a particular response is an iterative process,
requiring adjustnents to the configuration of each antenna |oop 10 form ng
the antenna 10 and assessing the inpact of each change on the overall
performance of the antenna 10. The iterative process involves both nanual

_ . ‘ . . h
fhe antenna s chagis 50 Fas e ok BPQEPnadnB Habedah@ of % BP0 frd0 L
pr e- manuf act ucansdlsalhavean sffagteon thel redohant fegeeRc)PoPiHY 129 BB UM WK
been fabri cat er m nal i@lpedance of the tri-loop antenna 10 is

e
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| engt h, sp&ci i40 .l e 0
the out er T oon 8o (PBLRa08R. 30 Famehiner \RRsEEs ol FRbiEhPt PRYOS Btk e
but its effecspating bptweenltihs twotodps is gregiepthanraedias t hat of the
parasitic | oop. The inpedance matching of the antenna to the connected
circuitry can be 25 inproved by adjusting the widths and circunferences of

i ndi vi : b i rt .of the
Lerative pr ovspRRiee, (@bt 6 8 SARTRA RS pRRIA B TES oA B rabve
bei ng i nducti ﬂEOQQSSca’pquirin'gvedjmﬁtmenhsgttsictihg d:drtﬂgum![dﬁeM]téacp{ ﬁh@ﬁtgﬁ?peed

. f t i ecreasi.n e eng o]
ooh 40l i T&Mnd tbB hndBng it areh askesii fos iavast o sch-change on the

overall performance of the antenna 10.

The iterative process involves both manual and computer steps to assess the
impact of a particular design change on the antenna's characteristics. Such

15 iterative steps are performed at a pre-manufacture simulation stage, and also
once a prototype antenna has been fabricated.

The terminal impedance of the tri-loop antenna 10 is determined not only by the
feed loop 40, but also by conﬁguration (width, length, spacing) of the parasitic

20 . loop 50. The width and length of the outer loop 30 will also have some
influence on the terminal impedance, but its effect will generally not be so
pronounced as that of the parasitic loop.

The impedance matching of the antenna to the connected circuitry can be

25 improved by adjusting the widths and circumferences of the individual loops,
and this process is best performed as part of the iterative process referred to
previously.

The impedance will change from being inductive to capacitive by increasing the
30 length of the outer loop 30. The same effect is achieved by decreasing the
length of the feed loop 40 and its parasitic element 50. Resonant resistance
decreases with an increase in the width of the outer loop 30, but increases with
an increase in the width of the inner loop 50. In general, loop lengths mainly



decreases with an increase in the width of the outer | oop 30, but increases
with an increase in the wwdth of the inner I oop 50. In general, |oop

| engths mainly 6 Septenber 2006 -6 affect the reactive co

term nal inpedance, and the width of the |oops mainly affgggﬂﬁﬁén@%é §
conponent of the term nal inpedance. The iterative process described above
can allow alterations in the physical 5 characteristics of the antenna

| oops to be made to naxi m se i npedance matching over the desired frequency
band. The term'loop' is intended herein to include any generally cl osed
shape and speﬁgégﬁelly i.ncludes circles, squares, rectangles and ot her

simlar polyg8 Eoreartye sompeaentphihg teapinal dupedamrce, |andntheawidth of thales
any irre ularoﬁ#b@ } i : S a given area.
Thg sel egti onI o} gﬁgm ﬁ@ee% ﬂ?%?gé;ﬁ{(/)%pdar e?‘(lt:{t}fg’% %Hﬂgﬁﬂ&‘?@gﬂ&%r ned

primarily by the aperture size required for the antenna. The gain of the
antenna is Iaé_geli}/ #5 determ agd b%‘é“ﬁg agerture size, and as such, there
is usually a cBRpTIRHYR RIBCERS HERET e¥e a9 aliew ralteralinnsnim thaaiphyaisal t he
physi cal  s3 zecRérdch#isties G ife e tg g
arrangenent for the antennaﬂféoops isét'ﬁ%ps gg %‘?gpé‘?ée @ﬁ%ﬁ@&e Hﬁp?ﬂ ce
central |oop o@tehiag over {herdasiteiddréqemcyband. not i ncrease the overall size

of the antenna. To further reduce the overall size of the antenna, it is
possi ble to adopt a so- called neander | oop design for the individual

antenna | oopsThéhefntwBp' Rf inteHeetORéret et idcitid 8nY deneldIRt 8dséd sﬁhggra%dz'

The term ' nmeander | oop' neans that at one or nore” pgoints around
ci r cunf er enceSRECHiGRly| iBslyides reirgles, edusireaweagtangles aad| other dsmilat pelygonal

d [ o . h d f [
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due its snul | Brgexeealtyuclesed and encloses a given area.

The selection of shape used for any particular antenna is governed primarily by
the aperture size required for the antenna. The gain of the antenna is largely

15  determined by its aperture size, and as such, there is usually a compromise to
be made between the desired antenna gain and the physical size of the
antenna.

Generally, opting for a concentric arrangement for the antenna loops is the
20  preferred choice, as the central loop 40 and its parasitic loop 50 do not
increase the overall size of the antenna.

To further reduce the overall size of the antenna, it is possible to adopt a so-
called meander loop design for the individual antenna loops. This type of
25 configuration is illustrated in Figure 2. The term 'meander loop' means that at
one or more points around the circumference of the loop, the path followed by
the loop deviates to produce an irregular shape. Such an antenna has the
advantage of occupying a smaller area than a regularly configured antenna, but
\ has a lower gain due its smaller aperture.
30
The antenna 110 of Figure 2 is disposed on a substrate 120, such as a Printed
Circuit Board (PCB). It includes three individual meander loops 130, 140, 150.
The three loops are arranged in é concentric manner as previously described in



30 The antenna 110 of Figure 2 is disposed on a substrate 120, such as a
Printed Crcuit Board (PCB). It includes three individual neander | oops

130, 140, 150. The three |loops are arranged in a concentri 6 Beafqos
previously described in 6 Septenber 2006 -7 relation to the%ﬁ?ée]ﬁna 0

Figure 1. In this case, the outer loop 130 is arranged to have a generally
U-shaped, and the feed | oop 140 and inner logp 150 are simlarly
configured. 5 The shapes of the individual [oops do not need to be
identical. In practice the shapes of the inner 150 and central 140 | oops
tend to be idq@ I as they are placed closer together. The

tj.cal gr nearly so i - _
shape chosen f P{'?'héoﬁlﬁ@Pfaﬁﬂaéppfﬁ@urecbdnﬁaﬁycas@, thegputer d;_)odm%lﬁféllﬂammgerde
till achievi j )¢ t he vi.dua 00 a
i sposed on di Fov e SPHLERY BRhRERTERE ind fecd (doab1d St N8 oB B0 B e
| oops to over Baplarly eoofiguesd.ent. In particular, the outer loop 130 may be
configured to partially overlay the central 140 and/or inner 150 |oop if
it is arranged on a first layer of the substrate and the central and inner

. ' f
| 00ps _ar & ar TREGHAPES of the Gaidialidl RopSTad 6t AUl id BESaer e AfbrabeiS Bl

ach neander |oop 130, 140, 0O is arrange _ para _
gi mlar side §H*a£§¢ﬁe06ﬂ1¢dnna’e&5@|andlammsal 140 lodpsstenayto eaidentiofiior early so

I m . . stendiio teaRRnticallbrn
formi ng the oas Sfieh3f plactdibaRt fodellert e hapscchanendor doe aoferdpep aoe
si ze (whi ch i carleasndengreter daedt While %Fé&ﬁ?ﬂn&!’hé %pgfﬁo‘?%né t he

antenna) on gain. Curve 200 corresponds to e~ case . e antenna has
an arrangenent of regularly shaped | oops such as that illustrated in

Figure 140  Ifthe individual loops are disposed on different layers of the substrate, then it is

possible for the loops to overiap to some extent. In particular, the outer loop
130 may be configured to partially overlay the central 140 and/or inner 150 loop
if it is arranged on a first layer of the substrate and the central and inner loops
are arranged on a second layer of the substrate.

15
Each side of each meander loop 130, 140, 150 is arranged to be parallel with
the similar side of the other meander loops. In this way, each loop is similarly
shaped and is substantially concentric with the other loops forming the antenna
110. '

20
Figure 3 illustrates the effect of aperture size (which is dependent on the area
enclosed by the outer loop of the antenna) on gain. Curve 200 corresponds to
the case where the antenna has an arrangement of regularly shaped loops
such as that illustrated in Figure 1.

25
Curve 210 and 220 correspond to two particular cases where the antenna has
an arrangement of irregularly shaped loops such as that illustrated in Figure 2.

The table below shows the different dimensions for antennas generally of the
30  configuration shown in Figure 2 which produced curves 210 and 220. In the
table, the dimensions are shown in mm, and although Figure 2 only shows the
references for the outer loop 130, it will be appreciated that similar references
for the other loops 140, 150 refér to similar features of those antenna loops.



25 Curve 210 and 220 correspond to two particular cases where the antenna
has an arrangenent of irregularly shaped |oops such as that illustrated in
Figure 2. The table bel ow shows the different di mensions f%rsg‘%ﬂ%@%?ﬁq,os
general ly of the 30 configuration shown in Figure 2 which proadc curves
210 and 220. In the table, the dinmensions are shown in mm and although
Figure 2 only shows the references for the guter loop 130, it wll be
appreciated that simlar references for the other |oops 140, 150 refer to
simlar features of those antenna | oops. 6 Septenber 2006 -8 The figure

iven in the WDIH colum refers to the width in nmof the trace on the
I%CB whi ch mkfgef@%’%geg:g%jt@%ﬁﬂ C@l;mp ,refgtﬁitoggegmﬁgm |g3t1;n§oﬂtsulr§v§ecgainoégz
133 134 WDT : : : :

AIEERRR Sle Tngkeup 1 I ien

‘ 2
Ant enna 140 55.9 39.5 14 23.5 1.6 2 59.
29.2 21.5 21 2.3 |Inner Loop Antenna 150 ANTENNA 151 152 153 154 WDTH 1

48 31.6 37.9 .12 23.6.23.6 50.6 21 0.5 10 Figure 4 shows a graph
of frequency @F?’éﬁPBszﬁeHr\ao | engt h. Culrve 3101 shows gai n versus

frequency fof ANTENNKT| ' 98BI T Fioigg 1 STORggT NUETY) WIDTH
1 82 66 5.9 24.5 3
2 78.1 50.1 26.9 19.8 1.9
5

Feed Loop Antenna 140

ANTENNA 141 142 143 144 WIDTH
1 55.9 39.5 14 23.5 1.6
2 59.2 29.2 21.5 21 2.3

Inner Loop Antenna 150

ANTENNA 151 152 153 154 WIDTH
1 48 31.6 37.9 23.5 2.12
2 53.6 23.6 50.6 21 0.5

10

Figure 4 shows a graph of frequency variation with loop length. Curve 310
shows gain versus frequency for a meander loop antenna with shorter loop
length and, thus, higher resonant frequency. When the loop lengths are

15  increased proportionally, the resonant frequency decreases as shown by curve
300. Note also that the antenna gain increases slightly in the case of curve 300.
This is because the surface area and hence the aperture of the antenna
increases with longer loop length.

20 Figure 5 shows a graph of return loss (S11) versus frequency, for the two
antennas described in the above tables. Curve 410 corresponds to the case
with a shorter loop length, and curve 400 corresponds to the case with a longer
loop length.



| engt h and, thus, higher resonant frequency. Wien the | oop |engths are 15
increased proportionally, the resonant frequency decreases as shown by
curve 300. Note also that the antenna gain increases sli gh%lgegtgm Qlez&%se
of curve 300. This is because the surface area and hence the aperture of
the antenna increases with Ionger [oop length. 20 Figure 5 shows a graph
of return loss (Sil) versus frequency, for the two antennas described in

t he above tables. Curve 410 corresponds to the case wth a shorter |oop

| ength, and curve 400 corresponds to the case with a longer loop length. 6
Sept enber 2006 -9 Antennas -according to enbodi ments of the invention are
particularly suitable for use in RFID tags. and Figure 6 illustrates how

such an ante nAﬁtést&cdr@ﬁg rteoéﬁbsgirﬂé}gg 6)? ‘fﬁ% eiﬁ\{éarg%glogre':i)glgqbﬁI&@gssgl?t\é%let he

circuit configuration of a passive tag 500. _
mul ti-1oop an%éruw BURFHI tpgevanddligures dilusieries Tows sotiemaaftbAnhsmay be
tching circuit 520 so that the inpedance

connected to irst. part of a .
of the anten ggtp atg@ 'H&W%'t hat of the Radio Frequency (RF)
circuitryslO0 connected to a second port of the matching circuit 520. The

matching circuit is then connected to a rectifi cati_on circuit 530. The
rectificationFigure & shegs tharitouiti eanfigndatienotial passive dagi 5001 Fhaytag S00r om

, I hoss ] A
550 and the proveBEs MiREpBAEIETed pTpHsIaBYPHY deheToBd, T BRENGHAH0 fr om
rectificati oncarinezted tdbadirstpokboramitching diRuft 520 é’&iﬁ%ﬁ@e%ﬁeé{é}ﬁd&e?gﬁhe

regul ator 540. The output fromthe voltage regul ator i's use

provi de power@MgRn@hean e gygichere to rihet rafgtheorRadio c Rrapsieyt d?ia)etdgcnil?e
the presggce L%A}r%cfé?ﬂcpﬁ'?eegn%%rt 6f3ﬁ83rﬂ?attcﬁin%aéi%u%ﬁ? The r%%?ctﬁir?gt cireuttis” &
carrier wave. ter | as conplete
then connected to a rectification circuit 530. The rectification circuit 530
amplifies and demodulates received signals from the antenna 510, and then
passes the signals on to a pulse shaping circuit 550 and the processor (MCU)
570 for processing. The rectified signal from rectification circuit 530 is
15  converted to a DC voltage via voltage regulator 540. The output from the

voltage regulator 540 is used to provide power for the MCU 570.

The interrogator which seeks to determine the presence of a conforming tag
transmits data which is modulated onto a carrier wave. After it has completed
20 | transmission of the data, it continues transmitting an unmodulated carrier wave

signal. This signal is then used by the passive tag to generate its own carrier
onto which is modulated the response data.

When operating to transmit data, the MCU 570 generates data and passes it on
25  to modulator 560 to control a switching circuit that provides a switching function
for rectification circuit 530 so that the incoming carrier signal is modulated
according to the switching function. The modulated carrier is backscattered to
the interrogator via matching circuit 520 and antenna 510. The switching
modulation process and backscattering occur simultaneously.
30
The passive tag 500 illustrated in Figure 6 is entirely powered by the received
RF energy which is rectified and regulated as described. The tag 500 may be
constructed on a PCB, the dimensions of which are determined by the size of



20 transm ssion of the data, it continues transmtting an unnodul at ed
carrier wave signal. This signal is then used by the passive tag to
generate its own carrier onto which is nodul ated the respoggq ﬂgﬁ riﬂ@gn
operating to transnmt data, the MCU 570 generates data and pasges rton- 25
to nodul ator 560 to control a switching circuit that provides a swtching
function for rectification circuit 530 so_tjat the incomi ng carrier signal
is nodul ated according to the switching function. The nodul ated carrier is
backscattered to the interrogator via matching circuit 520 and ant enna

s and, backscattering occur
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shaped outer |oop 130 as shown in Figure 2. 5 The |oops of the antenna may
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effect on the antenna's characteristics, an owanc J
this. Figure differehidayriwinmmnnease dhacostetiahdran verithvdhesREB isfconstructed
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made for this.

Figure 7 shows how an antenna according to embodiments of the invention
may be used with an active tag 600. The active tag 600 has an antenna 610
15 which may be identical to the antenna 510 used in the passive tag 500. The
antenna 610 is connected via a matching circuit 620 to a transceiver 630. The
transceiver includes a peak detector, a low noise amplifier (LNA) and a pulse
shaper circuit in its receiver branch, and an oscillator and modulator in its
transmitter branch. ‘
20
When receiving data via antenna 610, the transceiver produces an output data
stream 650 for passing to MCU 640. In response, the MCU 640 responds
according to the data received by producing data stream 660. This data 660 is
passed to transceiver 630 for transmission via antenna 610, and receipt by the
25 remote interrogating device.

In contrast to the passive tag described previously, an interrogator which is

configured to be used with active tags does not continue transmitting a carrier

wave signal after transmitting its interrogation data. The active tag is able to
30 actively generate all the necessary signals itself.

Both passive 500 and active 600 tags may be constructed on a simple PCB
and then encapsulated in a material which prevents the tags being tampered
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The antenna 610 is connected via a matching circuit 620 to a transceiver
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-12 AN ANTENNA CLAIMS 5 1. An antenna for use in a Radi o Frequency
Identification (RFID) tag, including a plurality of discrete |oop antennas
di sposed concentrically on a substrate, each one of said plsgptémbyr 2fosl 00p
antennas being electrically isolated fromeach other one of said plurality
of loop antennas., the plurality of |oopldntennas including: 10 a cl osed
outer loop antenna; a closed inner |oop antenna; and an open feed |oop
antenna extendi ng between a pair of feed termnals, said feed |oop antenna
bei ng di sposed between said outer and mﬂ%ﬁfT kﬁgﬁ antennas. 15 2. An
antenna as clained in claim-1 mhereinA\ e ogp tennas are generally
rectangular in shape. 3. An antenna as qtAMa® in claim 1 wherein the |oop
antennas are 20 neander | oop antennas. 4. An antenna as clainmed in any one
of the preceding clainms wherein the substrate is a printed circuit board
(PCB). 25 5. An antenna as clainmed in any one of the preceding clains
wherein ones of the plurality of |oop antennas are di sposed on different

| ayers. gf the; supst e, Sept enber_ 2006 -13 6. An antenna as clained in
any onegof thé'prgﬁéﬁﬁganéﬁgfﬁgeﬂﬁr?ﬁ%%ﬁoﬁﬁéﬁuaﬂﬁg|®¢@ﬁﬁ¢@%®m(RFHDmth,

di sposed on the SiH'éﬁIdiﬁbea NJrQiliﬂ/ af (™ &F8te Poegpi Qﬁgenbryast Qi%p%rs],teagngoaﬁcentricaily on
a substrate, each one of said plurality of loop antennas being electrically
isolated from each other one of sajd plurality of loop antennas., the
plurality of loop antennas including:

10 e a closed outer loop antenna:

* aclosed inner loop antenna; and

* an open feed loop antenna extending between a pair of feed terminals

said feed loop antenna being disposed between said outer and inner
loop antennas.

15

2. An antenna as claimed in claim 1 wherein the loop antennas are -
generally rectangular in shape.
3. An antenna as claimed in claim 1 wherein the loop antennas are
20 meander loop antennas.
4. An antenna as claimed in any one of the preceding claims wherein the
substrate is a printed circuit board (PCB).
25 5. An antenna as claimed in any one of the preceding claims wherein ones

of the plurality of loop antennas are disposed on different layers of the

substrate.



7. An antenna as claimed in any one of the preceding clains wherein the 5
antenna includes: a closed outer |oop antenna a closed inner |oop

antenna; and an open feed |oop antenna extending between a6§%ip§%ﬂ£e'jﬁﬁ%
termnals, said feed | oop antenna bei ng di sposed between sal out'er and

inner [ oop antennas. A Radio Frequency ldentification (RFID) tag including
an antenna having a plurality of discrete |oop antennas di sposed
concentrically on a substrate, each one 18f said plurality of |oop antennas
being electrically isolated fromeach other one of said plurality of |oop
antennas. 15 8. A Radio Frequency ldentification (RFID) tag including an

antenna as _@.al KRCkk@nAeYadRfaiied l1PaRl QRO bRl By ENGaRRdia Freduency

Identification (RFID) of claim7 in ng an ant enna’ as Emy 20

one of the proce&uilugingl eliewsronde _oﬁchﬂ?Wst_@él&'W%e' E’_@B‘Hr&i&%{h‘?ﬁ' 4G
tag including an antenna as clainmed in claim8 wherein the tag I's an
active tag, and definhdrby the adtenre. battery. 25
7. An antenna as claimed in any one of the preceding claims wherein the
5 antenna includes:
 a closed outer loop antenna
* aclosed inner loop antenna; and
* anopen feed loop antenna extending between a pair of feed
terminals, said feed loop antenna being disposed between said
10 - outer and inner loop antennas. A Radio Frequency
Identification (RFID) tag including an antenna having a plurality
of discrete loop antennas disposed concentrically on a substrate,

each one of said plurality of loop antennas being electrically

isolated from each other one of said plurality of loop antennas.

15
8. A Radio Frequency ldentification (RFID) tag including an antenna as
claimed in any one of the preceding claims. The Radio Frequency
Identification (RFID) of claim 7 including an antenna as claimed in any
20 one of the proceeding claims.

9. A' Radio Frequency Identification (RFID) tag including an antenna as
claimed in claim 8 wherein the tag is an active tag, and further includes a

battery.

25



