; uve3e[ A [ LI 4B6TI 5=5 1 *159159* AN ANTENNA Background of the invention
*co0000z* The present invention relates to an antenna, and nore particularly
‘to an 5 inproved antenna for use with radio frequency identification (RFID)
tags. Such tags can be used in many applications including tracking goods

intransit or within a production facility, or for use in B ot i.-ng
systens to protect articles fromshopliftind- 10 A probl elmmmwmw ﬂ‘“‘t ags,
whi ch are designed to be used globally, is that it is dif esign a

tag that is suitable for use in all regions of the world wthd#®a |icence.
This is due to the differing regul at ADNDANTENNRA operating irn—different

countries. 15 It would be desirable to inplenent a passi vmmmummmmlt ag
that operates on the Industrial Scientific and Medical (I | bot h
the US (902 B%Wﬁhmﬂ BUUBRA0ABE9: 40 - 869. 65MHz) . Di ff eigeide

Ve e pe P

regul ati ons go rrormance of devices operating in the | SM band in
di fferent codie ipessentninveartidwbSAelatesrdai amnarniteana,miandpmere partidWiaglizl 1P an

maxi mam ¢ PandRPIOBSLEHEBNadoEuS tp racier Feduoncy et Rato RRD) e Micbhed
The di 11 er endgod Rah 5 LR6H"iAfmbf AEHLANHINCAINA iFackiqbBas 37 tiahsiesr ved

froma different reference sourc e ce Isa eal 1sotropic
radi at or, anavithire afprodpetion fasility,eordor Use in dntipilteringssyBiens e protgst adiclesnl v
radi at e when fi nt e[_'r OI%?t ed as they rely on received power to generate a
transni ssi on."ORSMOR™MBYs  however, can potentially radiate at all tines
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
wi de band0ante preblemm: with sughitags.whichrargadesigned tarbe |usedzglobally, ds that it is

Description qf [o's T . t. e el

m crostrip, gflfggﬁlgtcgﬁé&pgé[)fagn%gﬁ%aéjltaﬁi%@;i%\%ﬂ,?%lﬁamt%@ﬁ%%érgg\{vﬁﬁgut
antenna is t helicatiodt T §6 Hae de the diffdringeagulatibr’ rsgimesfaperating imdifferent
frequency of around 900MHz. Thin profile mcrostrips have narrow bandw dth
and poor radic@UnBieSefficiency with a | ossy substrate. Therefore, planar
patch antennas are not a good choice for a | ow cost solution. Dipole and

| oop antennas have simlar behaviour and their conductors can be supported
on a | 0s4§ subaould bevdadirable kaimplemana@ passive gdde bEddpiagf thatopeeates amp

am ennas over ol S ekl STRRELA BRZich Fofh SRk v B8 i s .
the present 'MMEE@n@“EHF&% QE@Q.@O_ a@%@tsmﬁq._ USiffekdhterebuldtRMsOgbuSrALHE Y

I dentification (RFID) tag, including a plurality of discrete |o0p antennas
di sposed con maace of slevicesaparating jn theclSM hangf ingdifferesit gountrieg. bt theoop

of Toop ant ek Soraifidnt| EafFrab Sond AL AR (PIRIZ - GuRleRe U alablba 12
ant enna 20gniRadiatdd Fower) 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.



wi t hout enlarging the size of the antenna by a substantial anount.

Ceneral ly, adopting a concentric layout for a nulti | oop antenna ensures
"that it occupies the sane size as that of the outer |oop antenna al one. 25
Enbodi ments of the present invention provide an antenna for use in a tag
having a wi de band (868 - 928 MHz) small size, low profile, |ow cost and
relatively high gain. Tags using antennas adcording to enbodi nents of the
i nvention, can achi eve an operating range of about 3 netres, for the entire
band at power of 1 to 2 watts ERP. 30 Enbodi nents 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 -3 batteries. Furthernore, the

t echnol ogy sgription of the Byior AR ot her fields such as RF signal

detectors. Pr r.ably I r [ £ 0 e a

rect angul ar iﬁjp%ssﬁ;p%nt%ﬁﬁaaﬁ%gl?ﬁﬁ@ﬁeh@%ﬁenﬁﬁgﬁ ’s‘ﬁﬁ?lgc%ﬂgr !adgb
occupi ed by tdrteamds i disaalyahtagecofubedmiyostrdpfardemnands theerdlativehaldrgosiee as
meander | oop antennas. 10 The | oop, ant ennas nmay, advant ageoysly _bhe di sposed
on a PrinPed reAxied tfopor@riprmanse. afie freaHancyuaf ar%@é SR § pretile

di sposed on C}ﬂﬁzlr%triﬂgrh%vlaaﬂé%&v antdggdtﬁﬁréc; B%?F‘?é&i%ki%n dfiGieRY allg&dydes

a closed outer Toop antenna, a clos | oop antenna, "and an ope€n
feed | oop antsubsiratetEratefayebplanae paichp antermiasf aednoktangoad shoisaifdr aclew
n said outer. and in ant e

| bei i d. b | .
Br ot Decor; dasbrebirtarh cDfiole; ansk 0P FteSha hale siTiETsPaRaTAGr Gna, i
present i nverdgrchire cbﬁll?é‘@@éﬁdr?élﬂoﬁ%Wo%?ygstﬁjﬁgfﬁa’étwnﬁ&t%’a%ﬂ&hg itﬁéiﬁvgm_a%nh

effect, the invention w now be descri be y of exanple only,

ref erencdOt o perforapapeadbdoprantengas opetateorell i magneticsnrrarsfield oupling.eor of
a tri-loop e hang Al Br8saghdon, rect anoul ar

Summary of the Present Invention

In a first broad form the present invention provides an antenna for use in a
15  Radio Frequency ldentification (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



25 configuration, according to an enbodi nent of the invention; Figure 2
shows a neander nulti | oop antenna having a snmaller size conpared to that
~of figure 1; 30 Figure 3 is graph illustrating the effect of the area
encircled by the outer |oop conductor on the antenna gain. -4 Figure 4 is
a graph illustrating the variation in frequency and gain characteristics
with different loop links; Figure 5 is a gradph illustrating the variation
inreturn loss with different 5 frequencies; Figure 6 is a diagram show ng
the configuration of a passive tag circuit; and Figure 7 is a diagram

showi ng the qpferigs! afti@RerioraNtis tdchPolody MialyCalsd -bel 8mpriyaid Rdothes Fieldat | on
of the Preferred Enbodinents Figure 1 shows a ' multi |oop antenna 10

accordi ng to sehabisignal deteatdrs. i nventi on. The antenna 10 is illustrated
in aformsuitable for use with an RFID tag. The antenna 10 includes a
substrate 20 on which is disposed three 15 generally concentric antenna

| oops 30, 40,Preferablyp th@doepiartensas ané reunfightezhta Heogenéfaliyasectngitardirt o
accommobdat e any associated electronic circuitry, helping to mnimse the

overal | aPea %@@Gpi ed by the tag. 20 The outer |loop 30 and inner parasitic
| oop 50 are closed | oops. The central |oop 40 functions as a feed | oop, and
has a pair of feed termnals 45. The resonant frequency of the antenna 10
i s det erm nednkgn altemative amibodinens Stheasurface, areacdcsupiexb by theyandenrea mayed

by the physical chargcteristics of each gntenna | oo 0, 40, 50. The outer
Top 307 i ¢ b6 KeCEAGCariigfine dop PonadiRaies asmeAndarioeh aptanae ng
within the | ower portion of the antenna band of operation. This |oop 30 has

a dom nant effect on the antenna characteristics due to its larger aperture
si ze. 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 Drawings

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.



30 The feed loop 40 with its parasitic elenent 50 resonates at a higher
frequency due to its shorter |oop length, and acts to extend the upper
“portion of the antenna's band of operation. -5 Parasitic | oop 50 has the
effect of altering the inpedance of the feed |oop 40. It can al so have an
effect on the resonant frequency of the feed | oop 40, which tends to
decrease as the space between the two | oops4-~s decreased. The 5 inpact on
outer loop 30 frominner |loop 50 is not significant provided that the
spaci ng between the two |l oops is greater than 0.05a. In practice, the
desi gn of an mEgLRNIM hﬁvan%nﬂﬂpamQSﬁ%ﬂﬁy fhes Peitiatiohs imNnfreg@endy vVandr garss.
requiring adjustnents to the configuration of each antenna |oop 10 form ng
t he antenna IGhasactedstinsswithgifierentlappdoksir each change on the overal |
performance of the antenna 10. The iterative process involves both manual
and conputer steps to assess the inpact of a particular design change on

the antenna’ Fighey &tiera sgraph. illGstratind theevatation sh ereturar ogseWithr aifferent a
pre-manufacture sinulation stage, and al so once a prototype antenna has
been f abr PcatfERAUENGEES; er ni nal | npedance of the tri-loop antenna 10 is
determ ned not only by the feed | oop 40, but also by configuration (w dth,
| ength, spacing) of the parasitic 20 |loop 50. The width and | ength of the
outer | oop 3(Figukd 6 id s didgram showingtiié configuration loé atpassivediagicingeitiaame, but
its effect will generally not be so pronounced as that of the parasitic

| oop. The i npedance matching of the antenna to the connected circuitry can

be 25 i mpr overllie 26 H¥ddent Sowhg! e AfigRHANERAPASRR Bl difeait ndi vi dual

| oops, and thi8 process I's best performed as part the itérative process
referred10o previously. The inpedance will change from being inductive to

capacitive byaincr ing.the engt b _of er loop 30. The sane
effect is ac@%%l&%@e%‘gwﬁtéﬁgiogéh?_;Eﬂ'ef]eé'ﬁ%q #q"g?game?{?_ed loop 40 and its
parasitic el ergofe 30shdves anmilti [P Shidnpa G Cicesfiisg Wb tah 8mbodihersss the t he
wi dth of the outer |oop 30, but increases with i .

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 loop 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 loop length, and acts to extend the upper portion of the
antenna's band of operation.



an increase in the wdth of the inner loop 50. In general, |oop |engths
mai nly -6 affect the reactive conponent of the term nal inpedance, and
the width of the |loops nmainly affect the real conponent of the term nal

| npedance. The iterative process described above can allow alterations in
t he physical 5 characteristics of the antenna | oops to be nmade to nmaxi m se
i npedance mat ching over the desired frequendy band. The term'loop' is

i ntended herein to include any generally cl osed shape and specifically

i ncludes circles, squares, rectangles and other simlar polygonal 10
shapes. The term 'l oop' additionally herein includes any irregular shape
which is generally closed and encloses a given area. The sel ection of shape
used for any Raasitieloch 58Masitha affectef/aliering thei impedance pf thfegsdpepdd. & ze

by it 5 apert D ARGENE N BBBCEBh e repolferd HeERiRRc) of 1B #od 1gkb. 46, REWTT,
between the dends @éd dedrease gathe apdcé eetwegai thel two 2copy id decrdsednThe

Generally, opting for a concentric arrangenent, for the_ antenna Iaoﬁs is the
20 pref er Ped IEWGCEEN Quier loopcathfiom inngsioap 59qa nat significantnrevided shabtheo
not increase L OV [ f : rther reduce the overall
size of the a tgln aﬁétﬁ{e'epéthégvsvgiI%éﬁf&s%%%?h%ﬁgbd%al | ed meander | oop
design for the individual antenna | oops. This type of 25 configuration is

illustrated in Figure 2. The term ' neander | oop' neans that at one or_ nore
poi nt's ar oundnipiactige thmAesign of agranterna bayingrehrartisyiar feIRCRREdS BY itertiveoop
deviates to i : 2nn t a@logge
of occupyi ngpé{agén%ﬁl gérhdéﬂrhg ‘ggﬁ"?h?"gg& %&Oggﬂgﬁt}léﬁe? taé%t%re‘nﬁgt,e% \ét s a
| ower gail@ dderming thealdnéenrepdOt and. asy@sSing the émpactlaf eachFehangs 2ni the

di sposed on a subEtrﬁte 120, ﬁ@ch z%\s a P@i nted Grcuit Board (PCB). It

i ncl udes t hr QYerAlPgiomancaalheanteR 1930, 140, 150. The three | oops are
arranged in a concentric nmanner as previously described in

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



relation to the antenna of Figure 1. In this case, the outer loop 130 is
arranged to have a generally U shaped, and the feed | oop 140 and inner | oop
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 identical or nearly so as they are placed cl oser

t oget her. The shape chosen for the outer |o®p 130 can vary to a greater
extent while still achieving the required performance. 10 If the individual
| oops are disposed on different |ayers of the substrate, then it is

possi bl e for dffeet i PsadtiVe Vephipcatierit ©f IReReihaNimpddaneal hhd dhéwidthnef thiet er

| oop 130 may be configured to partially overlay the central 140 and/or

i nner 150 | odporg mainly affget thegeal eemponentsaf the jenminal impedanesst rate and t he
central and inner | oops are arranged on a second | ayer of the substrate. 15
Each side of each neander |oop 130, 140, 150 is arranged to be parall el

wi th the siniThy iterativeoprddees addueribedagisve canpsiiow mltetationeay, theaphysioalp i s
simlarly shaped and is substantially concentric with the other | oops

form ng tRe SheEagigrigtics opdhei giteans” |aopgsia hednadp ter MaxMise kpredance
size (which ‘rﬁat@ﬂﬁfg]é\?gttgggle%ﬁédWeﬁﬂeﬁes?bﬁﬁﬁd by the outer | oop of the

ant enna) on gal n. corresponds’ to the case where the antenna has
an arrangenent of regularly shaped | oops such as that illustrated in Figure
1. 25 Curve 0 and 220 ,cor.respo to. two. pariicul ar cases where, the
antonna has e ST AGRR S THENERR dhsipin 6 ey SpelNCeIOtd Shaps and

Il Tustrated igheifigdily idcluds dirdlds® delafys, Slaelindidls aRd’ bR MimAArTBBRgBAE! f O
antennas generally of the 30 configuration shown in Figure 2 which”produced
curves 210 arshapes. The tetms 'lpap! additiomaltyl henein ineludasearyhsvegular shapeawdich

al t hough Figure 2 only, sho he references_for the outer loop 130, it wll
be appreci at éﬁg@ﬁﬁ[aqlgicrlr%eérg'?ifa@?'gﬁ%%? G%¢N 21 ot her | oops 140, 150 refer

to simlar features of those antenna | oops. ~g_ The figure given in the
W DTH colum refers to the width in nmof the trace on the PCB whi ch nakes
up the |oop afieselactionetsharsyseshfanaiy pagtjcular antenna is governed primarily by

Ant enna 140 ANTERRALIY P ALY O S S uerate, 1 Sl dotw 3yBR5S j= 29051,
ANTENNALSE 1521 53154\ DUHLAB5L. 637, 823, 2. 12255, 625 650, 6210-5 10 B cur 6 4
shows a grapfp%fm?ﬁi%qQ%W§9nv . é??%ﬁﬁﬂ%ﬁnm%cﬂ?i?eﬁ‘f&fﬁgé(éﬂwaélﬁz%ﬁgmg‘egai n
versus frequegi¥nhgr a neander |oop antenna with shorter |oop |ength and,

t hus, higher resonant frequency. When the | oop | engths are 15 increased
proportionally, the resonant frequency decreases as shown by curve 300.

Note al so th t he . antenpna .gai n_increases slightly. in the case, of curye

300, This i s gendreud bRERE 7 acedttEnis Alrahertnt ot Tod ARUFERE 1 tmc i nna

i ncreaseOW tpreferrdibichoe) 4£nBé heentral 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 a concentric manner as previously described in



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 | ength, and curve 400 corresponds to the case with
a |l onger | oop |ength. -9 Antennas according to enbodi nents of the

I nvention are particularly suitable for use in RFID tags. and Figure 6
illustrates how such an antenna may be incefporated into such a tag. 5
Figure 6 shows the circuit configuration of a passive tag 500. The tag 500
includes a nulti-loop antenna 510 as previously described. The antenna 510

i s connect ed rpRatianftb thé aPesrinaPdf Riglikd & Nimnthi€ tasalithe DAferS8op B0 ik kReranged
| npedance of the antenna can be matched to that of the Radio Frequency (RF)

circui try 10 tedaveca agnerlly Jeshapgdpand the fead laer dHOnpdimeatileop 460 amge

mat ching cirquih..J nnected to a rectification circuit 530. The
rectificati o%%b?@ﬁ?‘%*@(‘;&%npl I fies and denodul ates received signals from

the antenna 510) and then passes the signals on to a pulse shaping circuit

550 and the processor (MU), 570 faor processing. The rectified signal from
rectifi caPi on'he $RaRas gkthe ndmidualdoers da nas neegdoRe 4 'Cﬁl-in\% ¢liggethe

regul at or 54 ; r pﬁ) I h h St ravi de
power for t h%hﬁéggggﬁgﬁngriﬁ@eéﬁ&;géﬁéé | (fgﬁfb%etgﬁg tct) %égg?gtrlén??g nie%gl? %0
presence of ascthelyoanei plgceadglasenrtogether.dbite shvapechosendduths edterrdoop 4 30

carrier wave. After it has, conpleted 2Q.transm ssion of the data, it
cont i nues. t  SRENATY g RSSE AxcR Al Sl AT G e Bolira Porrbabenal i s
then used by the passive tag to generate its own carrier onto which is

nmodul ated the response data. Wien operating to transmt data, the mCU 570
gener at ed0datlbthenindiyidied foans are dispesedeniditierent Igpersiaf the subsirate, thentitisi ng

Chat the | ncdRERpE a0 fh Mobflor SyertiiEie, BimeCoxtbt hindie aE HEL it 1oddy =°
function. The mgﬁeeﬁbrﬁ@wé@to partiafly ls96R4y thecckriteal 110 dndi@rinAged 50 loopa
mat ching circuit 520 and antenna 510. The svmtcthr’lg nmodul ati on process and

backscat t er i riit ét auangedhon: afeddaysr. ofdbe mubsiatesand thegenival and SeF 1aR$ i n
Figure 6 is efbififnheBoh S8cBNd idlfercr Rt ¥abstrate.

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 refer to similar features of those antenna loops.



RF energy which is rectified and regul ated as descri bed. The tag 500 may be

construct ed

on a PCB,

t he di nensi ons of which are determ ned by the size of

-10 the antenna 510 required. The circuitry may be di sposed within the area
defined by one of the |oops of the nulti

nmeander

| oop ant enna,

| oop ant enna.

the U shaped outer |oop 130 as shown in Figdre 2. 5 The | oops of the

antenna may be di sposed on different

| ayer.
coupling, i.€fhd
di fferent Iayer

construct ed

al | owance shoul d be made for this.

the

the nmateri al
B ndeh meakesfpcthedaop BBteMBenna’ s characteri stics,
Figure 7 shows how an antenna accordi ng

| ayers of the PCB) or on the sane
Since the coupling between the |oops is entirely non conductive

ﬁ?\ﬂb giters iHitHd WID TRIeCdluMAGRIeFE Yo e WRRth ih AAGS Ae Bace on
any case,

fromwhich the PCB is

In the case of a
the circuitry may be disposed within the open part of

and

to enbodi ments of the invention may be used with an active tag 600. The

active tag 6C0utmionpﬂm’tm1emo 15 whi ch may be identi cal

510 used in
mat chi ng cir
detector, a
recei ver bra
20 When recs

data stream

agq 500 __The agntenng 610 | connected via 2
CAN QQNAt O a 31ansce| vdB2630 Th@&rarsceﬂ%r i ncMWIBIH a
h Ll NIA) Al V- : 3
II}JI I I UI \ 1 AaIrrTu JU IIU.IJ \.zl I uul 19 LI I l.
@ | I atjor a m)jul aﬁgr I 1 g4?r ansm ttger
I Vingy dat a| Vi eyggmteﬂgi 539, he gggscyi vqu_gr od{iceS{ gn ol
650 for Qaisi ng to I 640. _1n responsd) the MCU 640 respd

to the antenna

peak
S
bifanch.
Ut put
nds

accordinghto the data received by producing data stream 660. This data 660

I s passed to transceiver

by the 25 renote interrogating device.

descri bed pr
active tags

In contrast to the passive tag

?ééHJEB)S mejnrﬁtae{‘{g)gat or which is configured to be used with

transm tting

generate al
tags may be
whi ch preve

10

15

20

630 for transm ssion via antenna 610, and recei pt

oes not continue transmtting a carrier wave signal after
ANTENNA' [ogat4pn dat aq42he hctiyg3 tad i s1ahl e OVIDT |vel y
the necesgary signals itself Bot h padqsive 500 and activd 600
Aconst‘ruct ed orPXIsinpl e3P and tAén erlcapd®Pat el i n1.8 matleri al
S Elf 8 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

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

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.

Figure 5 shows a graph of return loss (S41) 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.



-11 with. This is useful when the tags are used in a security application
such as an anti-pilfer device. In the |light of the foregoing description,
it will be clear to the skilled man that 5 various nodifications may be
made within the scope of the invention. The present invention includes and
novel feature or conbination of features disclosed herein either explicitly
or any generalisation thereof irrespective- -8f- whether or not it relates to
the clained invention or mtigates any or all of the 10 probl ens addressed.
-12 AN ANTENNA CLAIM5S 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 plurality of |oop
ant ennas bei fyntenaas @cearding ’t@ @nabedimentsiyob the, inyentien @re Rﬁm@ldady ;ﬂuaaalﬁ ty
of | oop ante lQop
ant ennas arqugﬁgraﬂléﬂpgg? rgu a?' ecigyeg.ﬁggéygﬁw:én ehﬁﬁ%géﬁ%' =) b|%n
clai m 1 wher dhcorpbeateddmtomtichrantagy. are 15 neander | oop antennas. 4. An
antenna as clainmed in any one of the preceding clains wherein the substrate
is a pri nPed circuit board (PCB). 20 5. An antenna as clained in any one of
t he precedi nggl,a u [ I t

di sposed on g:ilﬁ#"?r gﬁ? yg’r@ ﬁ?h%gnsgggattﬁgt gpla bé{iﬁ’%r@%%@a@%@ ?EO? I n
any one of t lieclpdesadnobi- Iobmanterﬂna bhemasiveviouslydiasgribedctheantennar 10 tsy

di sposed th t hj defi b h t . 7.

ant onna. as. ol AMRBAAEHEA IS RTL! & ARAEE B atoH] Boartranr annoppeesaf Bina

i ncludes: 30 arlefh#SE&sh BE GhalcPRB 3 BBNDf the'| R&EE Ffétﬁredcgomlaptmumy and
an open feed | oop antenna extendi ng between a pair ermnals, said

feed | oofOanteomngctasi toya despod porieftheenatehing QJ[ﬂUdatr52£hd' henmatching gircuit is
antennas.  -yfd, 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 5§70 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



8. A Radio Frequency ldentification (RFID) tag including an antenna as
claimed in any one of the preceding clains. 5 9. A Radi o Frequency
“ldentification (RFID) tag including an antenna as clainmed in claim38
wherein the tag is an active tag, and further includes a battery.

. AyY. Asn. AsE. Asn. Asn. As. A" . AsE. Asn. Asn. As, ). AsL. A 5=<9 Ss6
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ca] ca] ca] ca] ca] ca] caU] ca] caU] caU] ca] ca] ca! Y\ EbH: Z5t ) KO | w nhc”~Y] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c

a] ca] ca] ca] cahéadrtdhna 8510 réquired. The circuitry may be disposed within the area
| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] caLhca] ca] ca] ca] ca] ca] ca] ca] ca¥ca] ca] ca] ca]
ca] ca] ca] ca] ¢iefiogl ] g @h}@dp@awpé \e/mulii loop-antenna. In the case of a meander

S e 49 e L P S R0
q+$, _-//00133h3paadider loop 130 as shown in Figure 2.
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a] cal] ca] §aU] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca

666B77777=8| Ve L : ;

e cnsaor SRR RSP Spienna fay be dispasedon diffefent layers of the PGB orony
ca] ca] ca] ca] ¢hé¢ cahmae] tajera]Sinte alhea]coaplirg cedteapoaltiva! IGEE\ BACBARDE: IGI$D3D;
D EEFFFGKGGGHKHH: | T1 Y1 dI kil m JJ} xsnf a\

Ul c~al] ca] ca]eCRushve, reUping, 4.8 & ﬁ?gﬁﬁeg%c}@’}"gg}%g? dogR Mayabe Hasiioner 9 @a) ca

] ca] ca] ca] ca]fifidrent IaNEfK®k any case, the material from which the PCB is constructed
VRVENJ NNNRO. CEFFFGKC%f{KHH: I TI YI dI'kl'ml JJ} xsnfa\ W] ca] ca] ca

U] c~aU] c4Pca]roay haye A effect] et potennalscel)aratiesiptics, allavgnaes] shquldibea] ca
] ca] ca] ca] ca] Sécf>: 8! k> #109& ()-! f#100& ()-!f#10%& ()-!L f#10%*& ()-
Pf #10%G G & ('SC’- S {YolISE ) - Mev<) [ <!\ 7#100& () -
Ly “#109& ()-1y “#109%&' ()-!k #10%& ()- 109%& ()-& 10%& ()-9 b@!
#109&' () - L& 109%& ()7- 109& ()-10%' ()- 10 10 10s910%&' ()- Ss6 ) .
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 present invention includes and novel feature or combination of features
disclosed herein either explicitly or any generalisation thereof irrespective of

whether or not it relates to the claimed invention or mitigates any or all of the
10 problems addressed.
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4, An antenna as claimed in any one of the preceding claims wherein the
substrate is a printed circuit board (PCB).

20 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.

6. An antenna as claimed in any one of the preceding claims further
25 including electronic circuity disposed on the substrate within an area
defined by the antenna.

7. An antenna as claimed in any one of the preceding claims wherein the
antenna includes:

30 . a closed outer loop antenna
. a closed 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.
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