1 ELECTROVAGNETI C RADI ATI ON ENHANCEMENT AND DECOUPLI NG Thi s invention
rel ates devi ces which mani pul ate el ectromagnetic radiation (EM and
more specifically relates to the field of coupling energy into
identification devices such as 5RF (radio frequency) tags. The
invention allows the tag to be decoupled (i.e. isolated) from
surfaces whi cHO #€YH&Ede tag performance, such as net al IBCE/CSOTHEES
The invention relates to any EMtag, particularly those that rely
upon propagati ng wave interactions (as opposed to the inductive
coupling exhibited by magnetic tags). Hemce our preferred enbodi nent
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conducti ve ant ersanémitenaiikedsithbickhats redef aeetive andichereg ditsins its
resonant proper bi,eswef &udggraded or - nore typically - negated.
Therefore, the tracking of netal articles such as cages or containers
is very difficult to achieve with 35 UHF RF tags and so other nore
expensi ve | ocat Pohcosynenis gxpeticnged disgdisatagayyith oyob dags.sardsialygragyhs fags,Js that
25  if directly placed on (or within a several millimetres of} a metal surface their read range is
decreased to unaccepiable levels and - more typically - the tag cannot be read or
interrogated. This is because a propagating-wave RF tag uses an integral antenna to
receive the incident radiation: the antenna's dimensions and geomelry dictate the
frequency at which it resonates, and hence tailor the frequency of operation of the tag
30 (typically B66MHz or 915MHz for a UHF (uitra-high frequency) range tag and 2.4-2.5
GHz or 5.8GHz for a microwave-range tag). When the tag is placed near or in direct
cantact with a metallic surface, the tag's conductive antenna interacts with that surface,
and hence its resonant properties are degraded or - more typically - negated. Therefore,
the tracking of metal articles such as cages or containers is very difficult to achieve with
35 UHF RF tags and so ofher more expensive location systems have to be employed, such
as GPS.



UHF RFID tags al so experience simlar problens when applied to
certain other surfaces which interact wwth RF (radi o frequency)

el ectromagnetic waves, such as, certain types of glass and surfaces
whi ch possess significant water content, exanples including certain 5
types of wood with a high water or sap content Problenms will al so be
encount ered woemot/aggk ng materi al s whi ch cont ai n/ housecwser7aueh as,
for exanple, water bottles, drinks cans or human bodies etc. One way
around this problemis to place a foam spacer between the RF tag and
the 10surface, preventing interaction of the antenna and the surface.
Wth currently-available systens the f oarh spacer typically needs to
be at least 10-15mmthick in order to physi caIIy di st ance the SF tag
fromthe surface by a sufficient anmount. C ear acer ;f
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different for each tag, therefore adding ta the cost and complexity of manufacture.

25  US 5,995,048 describes an antenna design which minimises surface effects in which a
quarter wave patch antenna is spaced apart from a much larger ground piane. The
design does minimise surface reflection effects but the patch antenna is preferably
spaced away from the ground plane by a distance equal to a quarter wavelength which is
a large spacing and suffers from the same problems as for the foam spacer mentioned

30 abovs. It also requires a large ground plane which may be not achievable in all
circumstances. Further the patch antenna, which is a resonant clrcuif, must be carefully
impedance maiched to the tag resonating circuit in order to operate effectively.

It is therefore an object of the inventian fo provide a mount for an EM tag which acts as
35  an electromagnetic radiation decoupler material which mitigates at least some of the



potentially adverse effects of a substrate on which the device or tag
is nounted. Thus according to the present invention there is provided
an el ectromagnetic radiati on decoupler conprising a cavity structure
whi ch conpri ses a conducting base portion 10connected to a first
conducting side wall and a second conducting side wall, the first
conduct i ng siV¥@&20EH#S7and second conducting side wal | BETSFEHEYEEY
apart and substantially parallel. Preferably a dielectric material is
di sposed within the cavity structure. 15Enbodi nents of the invention
can therefore be very sinple structures cpnprising a cavity structure
formed by two, separate, parallel conducting surfaces each connected
to a conduct i ng rrbises perotiatethwith Prier ag axsiemg, riamgle fnpss o thitlsfesh gige 3y t he
area of overl ap mefnithe two conducting side walls and the conducting
end portion. Were the dielectric material is a- - fluid such as a
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30quarter of thetuwawel ength of the incident radiation (in the
particular dielectric material used) a standing wave situation is
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256  Embodiments according to this aspect of the invention can be thought of as providing an
unusually thin sub-wavelength resonant cavity which is closed at one end. Incident
radiation at the wavelength of interest couples into the dielectric material and, at a
resonant frequency, forms standing waves. Where the cavity length, as defined by the
area of overlap of the first conducting side wall with the second conducting side wall, is a

30  quarter of the wavelength of the incident radiation (in the particular dielectric material
used) a standing wave situation is created. The conducting base portion and two wall
portioné together create a continuous metal boundary around three sides of the dielectric
core and force the electric field parallel to the surface of the base portion to be a
minimum {or a node) at the base portion and therefore {since it is a quarter-wavelength

35 long) at the opposite end of the cavity structure to the conducting base portion the
electric field is at a maximum (antinode).



50f the cavity are superinposed resulting in field strengths of 50 or
100 times greater than that of the incident radiation.

Advant ageousl y, enhancenent factors of 200 or even 300 or nore can be
produced. In nore specific applications typically involving very
smal | devices, |ower enhancenent factors of 20,30 or 40 tines may
still result wozanvneadabl e system whi ch woul d not be passsllogoondos hout
such enhancenent. The field pattern is such 10 that the electric
field is strongest (has an anti-node) at the open end of the cavity.
Due to the cavity having a small thickness the field strength falls
of f very quickly with increasing distance away fromthe open end
outside the cavity. This results in a region of near-zero electric
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becones i nsuf fi cictantial this cpeker pothéralciﬁfplpnce across the chip which in embodiments of the
present invention is sufficient to drive it into operation. The magnitude of the potential

25  difference will depend on the dimensions and materials of the decoupler and on the
position and orientation of the EM tag.

Typical EPC Gen 2 RFID chips have a threshold voltage of 0.5V, betow which they
cannet be read. If the entirety of the voltage across the open end of the cavity were to

30  appear across the chip then based on a 1mm thick core and simple integration of the
electric field across the open end, the electric field would need to have a magnitude of
approximately 250V/m. If a typical incident wave amplitude at the device is 2.5V/m -
consistent with a standard RFID reader system operating af a distance of approximately
Sm — then an enhancement factor of approximately 100 would be required. Embodiments

35  in which the field enhancement is greater will afford greater read-range before the
enhancement of the incident amplitude becomes insufficient to power the chip.



5 The present invention therefore provides a device that can be used
on any surface and will decouple an EMtag pl aced thereon from any
surface effects. Wien used in accordance with aspects of the :
invention an RFID tag can be read at the sanme range as 5it could in
air or in sone cases at a greater range. This obviates the need for
ant enna r edesYQHOBY534 hi gh i ndex spacer material whil SCTERNETHIEF ng a
very small overall thickness. The device can be designed to decouple
el ectromagnetic radiation at a frequency of 10 operation V. \Were the
devi ce or decoupler is designed to be used for an EMtag the
frequency of operation will be the frequency at which the tag is
designed to operate and/or the frequency df operation of the reader
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25 . |t should be noted that whilst the device will be most effective at the frequency of
operation for which it is designed it will actually have an effect at a range of frequencies.
There will be a range of frequencies about the intended frequency of operation where the
device will stfll produce a regian of high field at the end of the cavity opposite the
conducting base portion. Further the skilled person wil of course realise that other

30 standing wave patterns, corresponding to different harmonics could be produced. For
instance if the length of the cavity corresponded to 3/4 of the wavelength of incident
radiation a standing wave could be generated which has a maximum at the open end of
the cavily. Thus the length of the cavity could be any odd multiple of a quarter of the
wavelength of intended operation. However the resonant frequency, i.e. corresponding

35  toa cavity length equal to one quarter wavelength, is preferred.



The second conducting side wall has a continuous |ength neasured from
t he conducting base portion which is at |least as long as the length

of the first conducting side wall. Therefore the second conducting
side wall may be the sane size or larger than the first conducting
side wall. Wen a solid dielectric material is used the dielectric

material may phssisPpsed as a continuous |ayer adj aceplcsbBozios
conducting base portion which extends for substantially as |ong as

the first conducting side wall, i.e. the end of the first conducting
side wall is also the end of the dielectric material. Aternatively
the dielectric material nmay extend beyond the end of the first
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RF tags are avai ave a C ant enna and operate at

866MHz, 915MHz olPickIssaIRY be et IeRRAPR e gpRjaling Weleas For By eREG that
operate at 2.4- 2thBkn@af cartaib eB@Btdimenia maabe lepdhath 1Agpr ¥800B6 8. Iees a
free space Wave! gk oy b_@ﬁ’rﬁh@(lieémﬁrﬁ‘!'\ ¥r l&sﬁ_ﬁ 500 Bsy 300U or icBhe
length of a dgvi Qr%bo%?n{%ﬁé g#tPeqprésgnttirnQntibnflgé’a%'ﬂnteke?o'?e S Gork B &4 ﬁzahéﬁ
approxi mately 8 ¢m w an alr core. For a tag operating at 2 5

with a free spac® REFIOAGIHRAGT calgyt tuaesiaptepps FTRRIMERNT f@?ﬂ S&fl"ﬁ@(%e
havi ng an air cosppromtad datiyelisshd Gikreyseb exmiliqwrrairh Bdayise to bg figglenenzblinafied

above the secondi,¢BgHELth Reh-dndi€or WaHdd sifitedde the same size as the
first conducting side wall. If a solid dielectric material is present

it may be present as a |ayer of the sane size and thus provide a very
smal |~ f oot pri2ht Hue &apreast inyqrtiqpgeovides Eyentsayg! oot eviseandsuaitsdte 15R%% e
vicinity of the apespsetrdbye. t he cavity structure, i.e. the end

EM tags may be designed to operate at any frequencies, for example in the range of
from 100MHz up to 600GHz. Current commercially available RF tags are available

30  which have a chip and antenna and operate at 866MHz, 815MHz or 954MHz.
Microwave-range tags are also know that aperate at 2.4-2.5 GHz or 5.8GHz. Atag
operating at 866MHz has a free space wavelength of approximately 0.35 metres (35 cm).
The length of a device accarding to the invention could therefore be approximately 8 cm
with an air core. For a tag operating at 2.5 GHz with a free space wavelength of about

35 12 cm the length of a device having an air core would be slightly less than 3 cm.,



50pposite the conducting base portion. It could be |ocated within, or
across the end of the cavity structure opposite the conducting base
portion (which may nean it is at |least partly enbedded in a solid
dielectric material) or may be | ocated across or near the edge of the
first conducting side wall. Note that the termopen end will be used
t hroughout t H¥@28pEE?4i cation in relation to a conductACHGBEAVIENYS t o
nmean the end of the cavity structure 10which is opposite to the
conducting base portion. It is defined by the end of first conducting
| ayer. The term open end does not inply an absence of material or a
void, indeed dielectric material my well extend fromwthin the
cavity past the Aspentieedaboixube seadrideondiidiiagd sidehentl eay be thesaversde et hafystbase

portion at the Qﬁ%cﬁ@‘énde Aélcﬂ@%aaId%@etha'mété}%r@p,ageat lnﬁay%le%génweaanayer
connecti ons ot her t ha &gus first

conducting si de %\/E'Flsar%e Sazeﬁnsecdj d‘dggg%c'{‘a f‘%%"“t(feco\ﬂg Yve”is? angﬁ [*9pe
readi |y appreci atwld bpipcaterdn YR VIFIRR@T Hiapper RO E’f’ﬁﬁ‘t‘i’dk‘:f’““ﬁ@’e\heége fdy be
i ncor por at ed betaspshe habdhdstigeavedoten. [Howeveopatddwitbiher agan the@td oighe
portions which Qfaﬁ@rsﬁucﬁlresdé h@ﬂﬂé b@hécﬂn@a&l &a@mmcﬁﬁlambén G 8 ab&

further standin ructu

Yy S Qand
my 1t 1 vence. © BN BRRUTLT R EP PRI Ratntp Dorerey of BBl o e b oD
decoupl er. The |&Hgfifst eorducing Sfﬂ??‘@'ﬁ Nelg it ibe ieﬁgﬂneay@irwﬂhwsabfhr@@ﬂﬁ@%ténﬁ
across its w dt hspedificetion inh@atlo® togi contilicting bavily 6 r@acie éndemnt beitconduret | ng

base portion 180 vtlth'ﬁ |ﬁ%gosﬁet, tottﬂg%oﬁdhétﬁé bé%@?/&wcﬁt Qs c‘eﬁ’r)é@ 53[ th§ eﬁdrb?ﬁﬁama at

all transverse poi IS

25t he conducti nd 05%55519 ‘?rt ?)er{erﬁﬁjd’e'f?{édfi 8!?‘?'23%% @c%?ftnf%eé'affﬂf?\é%w
conducting si de gged dleiemfmmateawrnah@e!bpé@@mfmnewthtndhwww Past thalrpafed Byl y
across a range ohthwanelhesgtidsondidiag bdsé pdricanthseeaat. conduct i ng si de
wal I's and conductlng base portlon coul d conprise a continuous |ayer
of matefi al from separate t he sane

S0aI T1 or ent 1Tt CoANenHAHES T A PH G e B cAIe Tl iy Rt
that has a net alleiwgenine fstrerdnitive side @ailtami esdchy cotsiveling sidg w2l ipwihbhse at
the el ect r omagnetidiy ¥pmeken by theskibd il trdt erductifyad¥Pies Se Ptorgdiddatainv@en

material s are Mefalge URfhordld: Wiier SRhAGSHIROIHERSAL - SBLRRAY The

t hi ckness of th I east

S
partial’ly non-t refAesdsEr v oipie frthes siaaing vawrstihiee Sﬁf‘i‘pl"f'tg’ﬁﬂ’efc?"éﬁff@ﬁ"e'iees
of el ect r onaghetand mapdii@héedine 185 icnd sffecudetiedasirgiddthbgechertdn | npedance
m s-mat ch and skin depth cal culations which will be known to the

skilled person). 'Ia'lyﬂe%ﬁth '3% tﬁM&%ﬁndchtln% 5%{ Inw éetcoﬁs{m\h&?o%g qum &Qngq}%t : ng

side 8 walls ener al
greater than O. fwgmwmﬁanﬁﬁfowh%f%ﬂ&w&awgm *Oé??cF”Bg@'FeefF%B?rV“GE%e
t hi ckness i s i n iakeistasgee gl franever® p2ibis tooit Baywagr: daging the dietapredkieebl vy

inther angez@f thé Qmitﬂet:ﬁg%a?e dBHieh %Sthe U-BB&lté éHgS Kﬂﬁ’eﬂﬁst@&bﬂu@ﬁg étcﬂs&*’a@a&ﬁ'd

beyond 5 m crons_if [ ul ar red in
order to ensure %Ilﬂw %he%ﬁcouﬁer’to »Por sm&taneousl?’acrossarange of wave%gé{#\

The first and second conducting side walls and conducting base portion could comptise
a continuous layer of material or couid be formed from separate layers of the same or

30 different materials. The conducting material may be any material that has a metallic or
otherwise electrically conductive response at the electromagnetic wavelengths of
interest. Examples of suitable materials are metals metal alloys, metal composites or
carbon. The thickness of the conductive material must be such that it is at least partially
nen-transmissive with respect to the utilised frequencies of electromagnetic radiation

35  (this Is determined by both impedance mis-match and skin depth calculations which will
be known to the skilled person). The thickness of the first and second conducting side



5chosen conductive material provides at |east a partial barrier to
the target wavel engths. However, any significant increase in

t hi ckness may affect flexibility and i ncrease production costs. Were
t he decoupler is used such that the second conducting side wall is to
be between the EMtag and the surface fromwhich it is wished to
decoupl e the EFM ﬁ%Fen there is no nHX|nun1th|cknes§cﬁﬁgﬂhﬂ@ﬂ§pt

for the second con ing side wall. 10Conveni ently, however t
second conducting side wall thickness nmay be selected fromthe sane
range as the first conducting side wall. This may be desirable to

retain flexibility. One or nore differend dielectric materials may be
di sposed bet ween s to forma diel

he t ducting 15side wa ctric
core. The diel e\é’f”tsaed V\ﬁ"é@ﬁ?g %@‘"5 e%ﬁﬁ’?@&tﬁ’?é"‘*’ﬁ@%@rﬂ?gm °y°"6§
di el ectric mat efprdard rfal apd @'ﬁ@ﬁaabthytmhwswﬁ il teegengie of ooy &254p § Micien: be
| ossy, i.e. themorsagidadyin He e Rbs 1 @f2 difrensCTHIMi@Nesp @ybd ihdradsédy and

permeabi ity mayqhg @m&hn@}ae\eweaegaﬂnuzéﬁmﬁishsel m&an%m@me&@re%agﬁé such

as air or an .nert \M’]

o cosursed. SchfeBRLR g o b A oo oL APt
gas is not 20at Hawwefpﬁfy§§u'ﬁ@nt!$ﬂeeael%nwmee¢mM@Ct&%MW@B@“%W? ai nment
means to mai nt abRdidiéh ek MeRte tiH Rtk GelBich thatthd 2668 StHdectivg siddiwallt he

core. . Conveni enidyp, iR, HIRMIEIERE Lo RSl i fedPl d@coﬁgéfhgam

materi al the se aration etwee onductin S|de
wal I's may in paf® 58 M@ HigrREd ™y C“ﬂ%%ﬁff‘g‘“‘ﬁa}?“té?féf‘c?tsﬁ?oé‘gﬁ UCHR

mat eri al s be’tOweénnvtehlewﬂm@nwértthfn@cmdd@dmm side veall tikekozess mindre selxqifrﬁp’tc’@,
corrugated car dieassle rah R YeairdcoAbuctylsids W €8s sy Je@asi@biwtirehin pOSsess
a high void contgnty, The dielectric core material may be formed by an
integral part of packagl ng material or part of a container. Were the
dielectric is an integral part of packaging or a container, such a
corrugat ed car dBoapdndrodifdrentdigentric maferias waw eptsisarsdd btwdeo the birg copdgicting
desirable t 015besﬁ@+vﬁlsftd1'omm{cﬁfb €orb. e RLQAOHEM AN mdybk Qnyl dufabBioF UCt UTr €

during the manuf é}%&hfy%s&’ar a?e‘?e%ﬁ% ma{eﬁaqlﬁgfou%%rﬁngﬁﬁ{mel%\’n 'cgl}e Bl nDe XL, 2.

manuf act uri ng st connection to
be robust and cHﬁt’m%ﬁ[¥§°'aﬁ‘°ﬁﬁ'ﬁﬂ°ff'ﬁé°'ﬁ%\%pﬁwﬂ'%ﬁl’dﬁ@?ﬂé? By B e SREAdY ng
t echni ques suchzers. Tretdelekclric maw herst dam guamay aiber ap st pésalvhieh, mayhe gartially

manuf act uri ng pPeARESsH dr PRRurdel. OSIREPPASRGHENRIN a8 i REA b/ thka¥aE nde

deposited at,d he & %Qe%s‘ﬂi ink Qe?cﬁ.g%:e‘?kﬁ&ﬁ;r&p‘%s% G%Xt%ﬂ]m&%%t %n%ﬁé’%é’fﬁéﬁ' é‘e%}%ct

35ext endi ng over t
the edge of the dielgottig ’E?t%’@{’ epssurg ithiige ?P%lﬂ"a‘(f’ﬂ'ﬁ'?tiyﬁﬁ’eﬁ e diglectiiqpaterial is
requi red net al / deielseigtmataialtiet sebargtion betwvasn ghevirst indaehdeeductnydide walls

Di el ectric cor e fRighi 8 &infiR¥d B &g bdidiechodiy 83:8ldsd M4k bBResrBheCt ed
from p0| ymers Sucl%uctmg side walls, such as, for example, corrugated cardboard, honeycomb
25  structures or foams which possess a high void content. The dielectric core material may
be formed by an integral part of packaging material or part of a container.

Where the dielectric is an integral part of packaging or a container, such a corrugated
cardhoard forming part of a cardboard carion, it is desirable to be able to integrate the

30  decoupler inta its structure during the manufacture process, reducing costs, avolding an
extra manufacturing step. It Is important for the electrical connection to be robust and
continuous around the cavity, and therefore processing technigues such as metallic
printing may be unsuitable. in a manufacturing process then, it is proposed that a
metallic layer be deposited at the edge of the dielectric layer (eg cardboard) and

35 extending over the edge. The metallic layer is then folded around the edge of the



5as, for exanple, PET, polystyrene, BOPP, polycarbonate and any
simlar lowloss RF | am nates. Commonl y-used container materials
which may formpart or substantially all of the dielectric materi al
may be cellul ose materials such as paper, card, corrugated cardboard,
or wood. Additionally certain ceramcs, ferrites or glasses nay be
used. 10l n oreosobadrarent the material chosen to be used/GBmotdeeios
dielectric core has a refractive index that can be controllably
varied in order to control the wavel engths of radiation that are to
be decoupl ed. For exanple, a polyner dispersed liquid crystalline
(PDLC) material can be used as the core. Yt the decoupl er structure

I's arranged suchyddd@t adny fbiuRBGAPRe BRILY RElaRfNLAGMERRIGAFSuith a
material then its_refractive index can be altered and the 15decoupl ed

f
wavel engt hs wi | IC%E‘?nefn "in a tailored manner. This may be particularly
advant ageous as one decoupler may then be used for a range of EMtag
wavel engt hs, or Baeireodrt edtesdchaytdatout dvesxdedeiypbd sectat tdnopplymess strds

switched on aNd Qfhrexditdid, PET, polldiyrdrBe R SfkarbPaibihé bhylshfadtasdmrer is
to be attached require dlflyer%nt tE’Mta S 20h.for glftyergent Sé o,[cgtg“ons
(e.g. different FEUHS TR e Sgnigloes R Wi Gy PO SEPEPER A t h
a tuneabl e ref r & e diglestipgaateri@ovay de agiivipw narsals ivh 2sRAPBufAr € FOUBRMe used

for EM tags whi clardbged, atveoat Additbiaey @ndin wearedseiadted sr. gldssdsody nemed  of
the invention may conprise nore than one cavity structure. Two or

25nore cavities may b rrapged, each possibly arranged to maximally
decoupl e at & di'f f’%ereéfﬁf"ﬁrf‘?”ég‘gaﬁi?g}a%ﬁﬁ?f& E%T?F?ixéqeldr&%cﬂﬁw?}bﬁsgr&?g@e
operating at di fifdekatcan pegpneriaiiogrieddn grder tpseontrol the wavelsngihe ragigiipndhat
conpri se two cawvdrd i bs tidcdgiddr BB exbihbie/b BIyREEIisperSQI TN crg@aIis (FOLO gl
30portion, i.e. Lhe, Gdesounl &hs If@r{e%ec%ﬁﬁlé'%ré igfr?anB%QﬁcﬁtQatQ@&tlégéééﬁe

arrangemegt. In suc can arrangenent he. decou er urther co rses a
Second CEbi 1y SHPTEDES SR RO SrBHY LEL 1o EOHREP! T PHAEEISGI BT on
connect ed=t o1& tdsroudied wargigeatisrvd! shiftdrea taikered manekr-dhis 0@y Phracisdiaiyct i ng
side wal |y the tdivdrthgesundisHzidB@usérd@y wah be @Bélfof HDiahjdbf ERIGURTdIdGnS icte

wal | being spaced pard.And 2ubshant Labl Yo RaLakhel oddopavi ng a

second dielectric materi a spose e second cavity
structure wherein the conducting base portion of the first cavity
structure is al srthdigf toorhiaide wWigh theadseoupler is lodn atifchedrequirescdiffecbnicild agy
structure. 20 for different locations (e.g. different countries) then a dielectric core layer material with a
tuneabie refractive index would allow the same decoupler to be used for EM tags which

operate at diifferent wavelengths.

Embodiments of the invention may comprise mare than one cavity structure. Two or

25  more cavities may be arranged, each possibly arranged to maximatly decouple at a
different frequency. This could allow multiple tags operating at different frequencies to
be used.

A decoupler could comprise wo cavity structures which share a common conducting end

30  portion, i.e. the decouplers are arranged in a back to back type arrangement. In such an
arrangement the decoupler further comprises a second cavity structure which comprises
a conducting base portion connected to a third conducting side wall and a fourth
conducting side wall, the third conducting side wall and fourth conducting side wall being
spaced apart and substantially parallel and having a second dielectric material disposed

35  within the second cavity structure wherein the conducting base portion of the first cavity
structure is alse the conducting base portion of the secand cavity structure.



10 The side walls of the two cavity structures may generally extend
in opposite directions. The first conducting side wall may be

continuous with the third conducting side wall, and/or the second
conducting side wall may be continuous with the fourth conducting
5side wall, i.e. there may be two continuous |ayers of material which

formthe si deuéﬂ"%oluﬁ 79 both cavities. The | ength of E%GfBEuro%o 105
conducting side"wa I‘ as neasured fromthe conducting base portiron to

its edge, may be the sanme as, or different to, the length of the
third conducting side wall. In other words the length of the two
cavities may be the sane or the length ofothe first cavity structure
may be different to the |l ength of the second 10cavity structure. In
this manner the two cavities can be arranged to optinally decouple

di f ferent frequéhesigswals tiie vecgtystrafurdshey benestly extend tnpppaie drestivres pond
to a quarter WaVrﬁéﬁélQ;Brﬁhu&fngQidédveﬁl%{ay\é\@ébﬁﬁrﬁagfmhhAétkﬂ@@onﬁMnds&@(Naiﬂ of

the second cavi }@%(%fme s%ggnrag<? cht]; smo wall %uﬁa ?OJ]"[IHIS)OUS Ritr? tﬁ&%prﬁll CWS’ ?ﬂgt h

A2. In use an E corresp ond ng to
Al coul d be |50cétdéaafi Fe- thees rW@P Otcynfiaérw% H@fﬁﬂﬁé‘ﬁte@ﬁm igff foqmge Sf'fiﬂr
15cavity struct usréotanglitias.t Eng lehyth efdhet ficst appeuciioesida whi, egmeasargd from the

corresponding t QO%LM«& bgs@l;slardonq@nsl éageampbaﬁe $he a$, %emﬁéﬂer%vmé Mngth of the
structure. The qhn%l en%g |n%31%e wa i ‘nfoL reth{cP'a?heq rﬁtWIohne {\]vo&av‘é;eg inay %e tﬁ;eas lntey

structure may be e econ
material . | n an °alht BrgheiiRadird FviiRgeGiEhfay ResliTero]te (e éef‘efb:eft“m%%onﬁay be
arranged w tin t helity siopere. 206in derratthase névited tue be acapgéddo bgimblyaiediugie | nct

cavity struct ur e el diBYs -Ohe 158 ARE fn@tae\éﬁty%{??oré%ﬁ& @taqnartaet ween
them If a separ at g i

s ucti,n
| ocated a smal | "§'% s?nﬁh Ofg twaw% %t% égaé'gthgﬁaﬁga{h of ngasg Fong Caq”q Visd C'ﬂ?‘gs%%“éjcond
side walls of eé%ﬁq‘@ﬁ?f'of 93%'§F wreeieng e At Pspan ?Mé@i%éﬁ%wefaieﬁ%ugh a
conduct i ng s epariet@ncy corrapending tay esi@nt jocasd ih hagiciaity of heogniesd of the first

substantial | ys a gag s@ﬁ{u)’&%@ atte@ﬁunfaa!i foShersth Qﬁedﬂ@lcb &r@gpoﬁwO RREAYHL Y.
| ndeed, the secqnd

of
the second cavit$ %??tﬂ'& SL??%Pd cf’v't%gr”?tﬁrgaﬁhel e'egt”%'?)‘ﬂ ”ﬁ%s osedlwé@'ré}hm@#
material. In th|°§V'Wﬁfsl{%!fﬁ:féawblﬁfé‘eéé@wﬁlﬁérﬁ"ffaaﬁ@ BroenCRiSHE 5813 second
cavity structure which conprises a conducting base portion connected

to a third condygtd fi@msid %rré(.‘@érhen%g Binf QMEt&rQs rﬁ%lé%ﬂg@&lw@ tﬁ’e@r o ,
the third co duct

|
spaced apart %mcF %?O%jlfﬁﬂ?amef (ﬁoﬁ'@{]‘%ﬂ? g%\”glca‘(}%%?”éﬁ”ﬁs Yvﬁ%h ?@’c"éﬁ'ﬁy oh %‘Ve
fourth conduct i rigme beperaigabdtuces diepr if § eerarairnistriea®nd lmay kpyregon@ting
conducti ng mat ersegdratortidttee 8 gas d@fanddi@mithe Bbn @adr i dityC TREsEebridRGe S de

wel |'s define an m%ﬂse&fte%lcﬁ%a\ﬁtg \gﬁg&ohmﬂlaﬁg&né&b% tqlloﬁéjhedcctoﬁdugtlng@ép%f:a'to?'lf I's

al so di sposed wit cavil

t @UC ure. % gé) | ]I
bet ween the firdt® 5!?5?8?%13?&)”%6%8?5%& Lrn%tagqa szt@;@% he® "8% 1%8¢'e
gap between &he cediyekndest, thdeeconicidambll of onedevi wey quh@ipe!dm?' ohige xcgfmal I
area of contact @ity structure, i.e. there is a continuous layer of material. In this instance the decoupler

g

further comprises a second cavily structure which comprises a conducting base portion
connected to a third conducting side wall and a fourth conducting side wall, the third
conducting side wall and fourth conducting side wall being spaced apart and

30  substantially parallel wherein the second and fourth conducting side walls comprise a
continuous layer of conducting material, the edges of the first and third conducting side
walls define an aperture between them and the dielectric material Is also disposed within
the second cavity structure.

35  The aperture between the first and third conducting side walls may be a complete gap
between the edges of the two walls. However there may be a small area of contact or



WO 2007/ 144574PCT/ GB2007/ 002105 11 connection between the first and
third conducting side walls. Indeed the first and third conducting
side walls could conprise a continuous |ayer of conducting materi al
havi ng an aperture extending substantially transverse to the two
cavity structures to define the edges of the cavities. 5 1n this
arrangenent iwobdmpeeierred that the conbi ned | engt h aicridseoetsweros
cavities is Al 2 and the aperture between the first and third
conducting side walls is |ocated at Ad/4 from either conducting base
portion. 10Two or nore decouplers could be stacked on top of each
other, or side by side. The second side wHI| of a first caV|ty

structure may foemmbdiey RERARN Risfha ¥R Lonflosifd REGART iaN oS bY@
di sposed to the g {Sn

cavity structur egong%cﬂ'l"gcf %éf(?és 'af‘é{‘?p@?ﬁa ‘?‘I’Etl’fﬁ‘?‘ﬁéayerﬁﬁqﬁ@cﬁﬁdﬂlﬁée”a'é‘ﬁ‘é'& of
t he invention pr8Virgege paendingerbetontidivdretaverbely thedwd @vifysmirdseo dfickethe
wal | s or conduct edgs raisecap@st | on of the decoupl er. However, in cases
where the natgrial is to be directly applied to- or form an i nt egral
part of- a netal S L ot her. conducting surface a car
cont ai ner, vessel" ]Bsfarf‘aB‘Fﬁmeetdﬁ'EBrefFrﬁe@ﬁhaf"%"e“‘}?@tné‘li fep h%fg“reft‘%\‘b@‘”ﬁﬁys X4/8 2r
the second condu e prrijfugibgiwesdhd firgtaol toird cotvecting ridknedlls lsdpcltaca Apoirdni on.
If a correctly 268ubmenstidgeskelpbitisl. conducting side wall is located a
short distance away froma netallic surface, with a dielectric

di sposed bet vyﬁen t hem and a conducti ng base portion, the whole
structure wi It aly° %{énof?edreéciuﬂlﬁréf}?ﬂjcébed@é‘f?ﬁ PhieR oteaeh At ouptedyaily BV t ag
pl aced t hereon f fegpridiside welf dfeditsoagify strimbiravedyddrinitie: seeumfi aidewall2bd fudsndi n

anot her aspect OfaviyhBuduiy @8obdNo msaaeeofkr@ iRl QviydetknAl LA FHARGRet i c

radi ation decouplgly £9L,.AEUR F‘ ol {ﬁse ectronic device froma
conducting surface conprising a rs ‘conducting side wall connected

to a conducting end portion and neans for spacing the first
conduct i ng- sitle Welabovkrepertdite meenteratraviigs fBitwd emeuckid tbers b adrmtteeide

conduc]E ing end pedis bamgmhgﬁgﬁqzeﬁg{:&f th%&dauﬁré?eH&%QgMﬁ Tcés'agwﬁe‘u’e! $855eral NE
neans or s paC| n >
conducting surf agt o Cb; gpghe Bas rmoarrl]e'nq%m?%aft O(T)fa ”Eﬁtaéfic&?ﬂﬁr Eonﬁ’éﬁ’ i al
that will, in us%‘”a%ée -G8 Eﬂﬂlfab"é't V@%Oftrﬂ@aﬁ et the gyiglieeuraes redy dem gl |
and conpluet i ng s¥rdrdcendudiing gdanedt!iawddrjheicbnduitlieg thse b@tdnt ifa comdemr i al i s
to be air, then dluh&smf?%t EPuCBRASL I it B@atéd d s$.Brt GOARY Gl N19rS e ipal |
fromthe CondUCt éuﬂ‘gces\M{h a ace%ctﬁ? anposen%egween them and a conJuctlng aas%%crnr%on the

whole structure will act as hereinbefore described and decouple any EM tag placed

thereon from the effects of the metallic surface.

25 Thus in another aspect of the invention there Is provided an electromagnetic radiation
decoupler for decoupling an electronic device from a conducting surface comprising a
first conducting side wall connected to a conducting end portion and means for spacing
the first conducting side wall from the conducting surface such that the conducting end
portion inakes contact with the conducting surface. The means for spacing the first

30 conducting side wall from the conducting surface may be at least one layer of dieleciric
material that will, in use, be located between the first conducting side wall and
conducting surface. Alternatively if the dielectric material is to be air, then the means for
spacing the first conducting side wall from the conducting surface may comprise one or
more spacers,

35



12 Preferably the length of the first conducting side wall is

approxi mately one quarter of the wavel ength of the radiation of

i ntended operation. The length may be within the range of Ad/4 to 15%
| onger than Ad/ 4, or Ad/4 to 10% | onger than Al4, or Ad/4 to 5%

| onger than Adl14 and/or Ad/4 to 15% shorter than Ad/4, or Ad/4 to 10%
shorter than @Sj%, 1100 Ad/ 4 to 5% Sshorter than Ad/ 4. '%Iclcrj/cﬂzoo'}f@%gs
advant ages and enbodinments of the invention previously described are
applicable to this aspect of the invention also. 10The invention
allows EMtags (especially RF tags) to be | ocated on any surface

wi t hout detrinental effects. Therefore the invention also relates to
a substantially surface independent EMta_g conpri si_ng an EI\L/IW%'aﬁfth
mount ed on a de&HRigek halengd Feiliskending ade wall itRrPedmasy 98t AURiRE R he

di scussi ng the matakrgthof the tadiatph etitteided frestioh. Ghinlaratiemanie vikio the caade of

15t ge FM tag 115 AQQ%&PI‘S%%H'QE]‘ tahl Qyd/ :atqld/ﬁl’cotﬂﬂ%ﬁkfngér:ﬂ%n Q&lfgﬁr?@’fltd%ofﬁgei tgﬁn
conducti ng side , e.lqca 2
first conducti nd‘\“{)@f‘w OT&Zﬁ ‘ﬁ%’ﬁ%"%ﬁ“ aﬂéﬁfgrc)\g%teoﬁgﬁ?rﬁg%érl ‘*’3"?3"5‘ taﬁo{ enna
is |located at5tforegtjen wf* t he first conducting side wall opposite the
conducting base portion, i.e. at the open end of the conducting

cavity. The EM tn@%ﬁ@%kll@lagfe@ar%'e%wnh&@dfmeinséhh@{;ﬁéhotgzms&ria@d g rst and
S

second conducting si de I ich i.s to 20say that there should not
be a direct el ecagf"lcibef"O%Sneisﬁé(?{%ﬁv?ng&%atsé’fe typically printed onto a

dielectric substrate and this substrate may be placed directly in
cont act wi t h1d herhs iwérdicrealiofs ENnegd fesretially G thge)tts egomied en wad surface without

(F;r fef er gb![ y Bomvﬁfrinkmglreﬁec%@yfh%@fg@ ttﬁeliﬂvgrhitgrf] alé r@l.z\tt@:?tt: LisGhsHRARY dudthoe

efined to be a spacer aced betwe e ag, an r
mat erial . Wen d“cgeB%{‘gg}t Eﬁ‘sfagpcr%"grgﬁlﬁ o E@ tﬁgé”r?ﬁrfl%?hlél Ognagjegﬁug'? llhaggjie%g%gigg&ryg' of
the spacer nust be at least 25 the sane as that of the netal areas
(for exanpl e, anisaiaras)ovefwrehdsdddngag.natvest thédibdradgsld artensmpripiodered,

gl r eagy mu ntltg ﬂ e BGlid mQWRd ﬁlﬁw&nﬁ} & the‘%ﬁg@f‘théf tﬁ’ét' Bfdubtihg bbé /4N ;ﬁ%&'{
ependi ng on the manufacturer, a e i nen e
may act as the sbp?g%é}e?[’ a%i‘%ﬁ B %’gg?rtlﬂ%tc °"ﬁ%$n%mg£iwﬁ ﬁ 3’%#’2%%0%81%%‘{)% ﬂE:agI
contact with eitthelas emennpislesptedpt thaeadamed the Gistireaducting sisp wall Rapsiethe 30
Preferably the (dasalinggapoohet, weaniht ben artdihe pakitctiof cavitye TEMEN &g and

the decoupl er (i g6y BPAGETcall RoGKARSS nEfslATsbREbhdRbRg bbb G418 8HTh isits
in the range of ?rom 100 t

oou e a9 38" ot LA o Dl e Bk e A A
val ues may di f f er diglgctiz sylpriiate rndghis subfratarvybe aleesd diaeihbin coVRTt Withdhe SHERSE
or an 35unusual | ¥ taifigdh conudiide @b, aéferdey honeexthie nag bela (uithe dielefiric
somet hi ng ot her %Qﬁ%i, %efl?‘lg@'fa%gﬁgpacer, placed between the EM tag and the decoupler material.
When a spacer is present the length and width dimensions of the spacer must be at least
25  the same as that of the metal areas (for example, antennas) of the EM tag. Most EM
tags are supplied already mounted on thair own substrate, which varies in thickness
depending on the manufacturer, and in embodiments the tag substrate may act as the
spacer. The EM tag must not be in direct electrical contact with either the first or second
conducting side walls,
30
Preferably the (total) gap between the metal part of the EM tag and the decoupler (i.e.
spacer thickness + RF tag substrate thickness) is in the range of from 100 to 1000
microns, or in the range from 175 to 800microns, or 300 to 800 microns, or 300 to 600
microns. These values may differ if a spacer or tag substrate exhibiting lossiness or an
35  unusually high or low refractive index is used (i.e. if something other than a standard



13 polyner substrate such as a PET is used). Simlarly, a shift to

hi gher or | ower frequencies of operation may affect spacer thickness.
The skilled person will appreciate that the EMtag can be viewed as a
resonating circuit 5and that the cavity structure can al so be vi ewed
as a different resonating circuit. The cavity is acting as a surface
i ndependent fwetwvrmancer in the vicinity of the operrcesndofootine
cavity/area of absence - energy couples into the decoupler and forns
a standi ng wave. Provided the tag or device is |located in the region
of high field enhancenment, energy wl| cgﬁple fromthe cavity to the
tag. In this case the two circuits are liked via 10capacitive
coupling rather phifrad siyirale 8lich 6€4 pet ieGdked)i eRlila@fa MWD Bgepan@Rt i on. This

reduces the “ee%ﬁ@ﬁméé@%@%ﬁ&%ﬁ%&b& 04 &nd.opkes redesigning the

decoupler for diftferent tags unnecessary, In contrast to prior art
approaches. As an alternative to locating the tag on the surface of

t he decoupl er t Ake &Nk segeone abweciatdbhdt e &Mdeh @ bogsvedas ardstriatingtchi@itopen
enddof t the C_ngdléﬁ&i t}nmqeccaw%yucmie @n alRAfWRREY dshRuielchsbsoAltflg §?Gi9 ek |
conducting side . r . .

enbedded or |oca edJsl\%\nCtin%F% 5&%‘;3 [ 55%2% "HL% eﬁgaa?\é‘%imgﬁ? ‘ﬁ%ng?ﬁ'?%o&%g\g/"tgroyi t

i s inportant tofEfeYiyarespabsRy- Ry PPRYIplofhe detouplenang BrmscoidBE wit h
the first or secevdPodtiid bng devicds lwwaleh &.the2Bgidhheé hiptetietdd enbancemens  of
EMtags may be @asdy win SehofsEfe edvitds e tdgNR thiskisd 1 W8 birdd @il ikBtvia
Advant ageous)y LIg ML, a8 Ad AeeRURLEL JIBY-DE dli Bl lac BRURE5h Ok
envel oped by "a profectll e housi ng. %e housi ng nay B8 .

non- conduct i ng Hgtesq faq'ma@a%inta@ginwdm@sgﬁﬁeﬁm tesr deptple i difigepnidps
t he decoupl er. Tirecessny,domdisst b pgpr erdperoaeks.nmay si nply be furt her
dielectric material applied - for exanple - via spin coating 25

techni ques, depqsiti materials, such as for anple PET., PETG UPVC,
ABS or ‘any sui t abresBlpl it e G ot SR G oY FaRY B oxy
etc. it has BeerPcaied@ferse rat'this thelerensnd pifey copriieting gavity, he-bRiwesrdhryfisst ghd
from 250 -2000 me@noasdeig sekeslislThd Em &Yy hitrelebs atleasneityappedaed @bl y
af fect the read g.aB06umRfndMeidcdfSatel CRal ol dVE: i ilinpliRsE eQirecliiftne tag
housing wi Il be se .ect;d%tiegeﬂdltng pn the envir nment and the
flexibility reqlfiPedPPER SOEHLM Uy TS RESFYYSOYRAET 879 Y Ronsi st of a
chip electrically connected to an integral antenna of a |ength that
i s gener al | y2oc orrpaineahilaatemiat b Enttags mayhd egbilpdeforhétir borapreed ay hamall
vavel ength . TNGaRlS AlanlaBE0) AE Evid o SR Shydl i pdtliibdpat tags
havi ng nuch smal | e@ alﬂy un uneg7 35aniegﬁas I . &: whi ch woul d not
normal |y be exp&RPEBctY 2dFaeHed e e Liediftymy BREOEI BRI can
be used i n conj deresifedan etshriage ddidilpheanddiscieradbiay Thegror-hendptingogierial

may simply be further dielectric material applied — for example - via spin coating

25  techniques, depositing materials such as for example PET, PETG UPVC, ABS or any

suitable potting compound, such as, for example, an epoxy etc. it has been found that

such housing coatings in the range of from 250 -2000 microns and even up to 5000

microns do not appreciably affect the read range of RF fags. Clearly the thickness of the

housing will be selected depending on the environment and the flexibility required from

30 thelag.

RF tags generally consist of a chip electrically connected to an integral antenna of a
length that is generally comparable with (e.g. 1/3" of} their operational wavelength . The
present inventors have surprisingly found that tags having much smaller and untuned
35  antennas (i.e. which would not normally be expected to operate efficlently at UHF
wavelengths) can be used in conjunction with a decoupler according to the present



14 invention. Usually tags with such 'stunted’ antennas (sonetines
referred to as | ow Q antennas, as will be appreciated by one skilled
in the art) possess only a few centinetres or even mllinetres read
range i n open space. However, it has surprisingly been found that
using such a tag with a IowQ antenna nounted on a decoupler of the
present 5invept i, @y be operable and exhibit useful pread,6A0096S
approaching (or even exceeding) that of an optim sed

comerci al l y-avail able EMtag operating in free space without a
decoupl er. Low Q antennas may be cheaper to manufacture, and may
occupy less surface area (i.e. the antenda | ength of such a tag may
be shorter than. is usua ossi bl e) than a conventional tuned

ant enna. Ther ef BYeé‘t'?rth ﬁl)(/*tag R ads ”é?dIaBW’@-sfSﬁ@?t'”fﬁfe.feéﬂedE'r‘?SEMGEa
havi ng a smal | , atieinem esvitibe @nwaatecﬂwmis@lev\iawa arthresepecas few capfimglise
present inventi enreveamilipetds @RS rahgé B dpdnQpdceNH@Tev iE@b S@brkinki b fduay

ant ennas_super fLoNR; oS diSih RS Rnd ABkoELIRAL Pl iBRKoflCST ONS

of tag antenna are_si ip are
all that is Peqli¥lepm ng’ﬁfegp%?q[e&ﬁg SXHYp uesful iaBngeR aPAroz g ’éﬁﬂ'ef’%r efore
the size of theedeghyph&rfaeriressdedunedalt-evdiedsEi laanpardiag infike space

typical tag c. 1th aldecdupie® TBRA FRA%ES maf bd dhBapety BBk, BEOhRGE@DY N

such 1 oops or | g Qant ?e@g%sfheg@ﬁmsEnqmsgg&gwag%y'bgF@wtma{}gsqeuéaprl ate

since a tag sys emls ted or

i sol at ed from t A¥SBPFBRacopentiond e snignea. TheRRwde ﬁ'\‘i 29 BARG AN F%s s
instructive 190 thiemkMddy revies 4 anplbeiung adewaup fsdval riondsaouplahss theateeerper
se. Rather, it mehia{cad 58 tonbidditt6 FeRdcAPELIRY tirRd BPRMEMED Bedilbas: tHet 1S

the capture of hc% Qﬁﬂ{;lnSPl%Qrff f%ﬁyd&egﬁﬁ%ﬁ‘é%&xenﬁé‘gm .ﬂ@w%&%ﬁa@ﬁ

activation of t

from or subst anfFHp l‘g}’%ﬁh%@&%‘éﬁ%‘ﬁfeﬁldjfeéﬂ'ﬂsél‘q‘“@t*ﬁd@’él’fé‘ée té??“@&eée ‘? a
substrat e on whirehlizaoid@xeceplpsio hoericedio l2SEarbiba oirtiptic! tof c.tlve.
invention whisch are dinensioned to operate at the frequency of a

particular EMt ﬁ%m%gmmle)rﬁ c')‘%%%qw%rﬂlor%?\ cJtrp%{ ?rlié; stggh Ix%p%.ﬁr 13\49& tlgl‘?}'%s YL SR

surface w thout nee

structure is s nﬂ?qou%ﬁ‘ﬂ& SE"h‘i'Hﬁmaﬁ‘?ae %e 8 Sﬁ?”’a{’bﬂl“‘i'@ﬂ ""f"ﬁh 'é S\‘Pé’ia?t’a’ibr ge
nunber of surf acesfesied dEabied Eguihe Bffegts praotubdrderigpweypait e perhans ldshe | i ke.

It can also be ws@edirno tmlabfltha%@mge&ouplféeurfm@rsukssh&e P& 16 RS it ﬁ@sst and
30manuf act urjng ass?s%ﬁnd]el%tan nﬁxo ?ppre_'plati\:/\y}'lept 1?8‘919 c?p?ure &S rﬁﬁermea’%e% & thé ?J tfl Ce

the surface may e
material s cost AMHNHEBEGaHent activatipn of dhe taarbi logd deldphaicemer). vish rScsfe?ﬂU%lad on
any surface and fromyr obftatialgdvdibdiags potettialytaevense stdctsap e s@biradanomwhich aan
EM tag/ RF tag ag.semMasedsto the use of no decoupler, as wll be
35descri bed. The decoupler is clearly of use on surfaces which, due
to el ectromagnetic 15 interactions within or substantially on the
surface of t#e FaEPediments of e iivention Wishwieskmangioned ip pereieishentraiesy Piéct on
t he oper at! on Obartidver EMtdgagn iSeﬁwinamﬁmanawith'l'tl‘mtad@ﬁem@ueasce\mﬁtrhdut al | ow
RF tags which angf8hhPGhitdor hRER! 86k hQRPRLAL®S isQhaPinditth BB can be

applied to a very large number of surfaces without requiring protruding spacers or the

like. Mt can also be used on smail products. Further the materials cost and

30 manufacturing cost is very low. When applied to a metallic surface the surface may even

form part of the structure thus reducing further materials cost and profile.

In use the decoupler may be located on any surface and may offer advantages, in terrms
of operation with an EM tag/RF tag as compared to the use of no decoupler, as will be
35 described. The decoupler is clearly of use on surfaces which, due to electromagnetic



S5proximty to surfaces which are either non-reflective or reflective
to incident RF radiation since the decoupler effectively acts as a
barrier against the further propagation of electromagnetic radiation.
The advantages of the invention are apparent on surfaces which are
reflective or have an effect on incident radiation which is
detrimental twowb#ecei pt thereof by an el ectroni c deeiicsoTypprtal |y
such RF reflective surfaces nay be 10conductive materials, materials
whi ch conprise high-liquid content or surfaces which formpart of a
cont ai nment neans for such a fluid. It has been found that certain
types of glass interact with RF tags and So the decoupl er may al so
find use on gl assa;eraticbrismm@ﬁr sﬁl%ﬁa'ﬂmllyc& thé'e‘i??é/c@'oﬁtﬁé meEnaT blSGhdr¥iEs have a

conductive mater oys, Indiumtin
oxi de (1 TO or rrgéa er{g%grf{)eg@olnqr%c’per%f' %Mta\c?\ns?%" %'?E\J?P@h liquid content

may be cellul ose materials, for exarrpl e, certain woods, card, paper
or any ot her nat l]htaddcwp@cwiﬂmfroi:vrﬁqtmmemﬁaié mmﬂlymbatmyowﬁé@&&nraweh\i gh

noi st ure cont ent prodRil Y8 sGHREUME breBRMr ﬁﬂn*?é?]e&@e &ﬁeﬁltaﬁ «%156 uﬁgmt h?qaéﬁaﬁon

f whi ch
Z\ljcranatc gssur :‘ ;cegEﬁ etc%%mu@{er‘%lvgé °?S ac?gﬁﬁrf'%rtagef'rif %g Hes Q@E\agﬁé’ﬁé’ét hth

surface of a fl uFﬂGtmg‘ﬁ@ﬁt'%ré’d'?tBF angntages of thejonedtios @estproasenhan Birfaces
Theref ore t he dewbidpirereflatich or haveus effectoMiriciaght rBtidAGAIcH Gatefler thgy  on

t he outside or |Fb‘éé:ﬁ%eré@\’ﬁﬂn%@%&ﬁﬁé&%eTﬁﬂgﬁgiFlF@'tréf@ i’vemrfa(,aesg'[)kfa S or

food cont
envi ronnent & P PAAAT AR E8hioB et e A B phr HEESYI AR D

t echnol ogy. The &8t BRI’ 8ronyrepmaappi seeh ﬂtf@ldaltéﬁﬁrﬁea@@uwmtber@mmss @n
integral part of gassdderb@ivitn®itagdm@assié icodlsh nbli dko 54163 oA Glads, §iIRAHs
drink or chem cakergged ainer. It is known that |iquids 30such as water
interfere with RF radiation and hence detrinentally influence the

per f or marice of RF tags in their vicinity. As mentioned the present

i nvention is '8f B@F?'QPEEUP@F“V@F@MPWW@ISMYU&s@d{gplnﬂeﬁﬂy neptal dllews atiimgn RF
tags fromthe ef bémi{Opér nche canpbiias evatdion withd 16dh g heYonhendyey B4I8Ese

Thus anot her 353%%@!5 Rf eknﬁle' CQMMAOQQ card, pgy{kfor"éﬁ otfld: ngtm% \{acc(::ue gs

TIn.
descri bed as a mou especi a a sur Pch

woul d interfere W ”als‘ﬁ“é‘ihdi'?ﬁf’osﬁffsgg@i‘ AR af °°”f€fﬁ'é i nvention

20 The decoupler may also be usefully applied to surfaces which are in environments or
areas of high humidity, damp or even to surfaces which are partly or completely
submerged beneath the surface of a fluid, such as for example a liquid such as water.
Therefore the decoupler and, in use, EM tag may be located either on the outside or
inside, with appropriate encapsulation, of a drinks or food container. Further applications

25 of the decoupler in submarine environments include identification of underwater pipelines
via RFID technology.

The decoupler may be applied ta a surface which forms an integral part of a containment
means for a fluid, such as a food, drink or chemical container. 1t is known that liquids

30 such as water interfere with RF radiation and hence detrimentally influence the
performance of RF tags in their vicinity,

As mentioned the present invention is of particular significance in decoupling or isolating
RF tags from the effects of the surface upon which they are mounted, Thus another
35  aspect of the invention is the use of a device as described as a mount for an RF tag,
especially on a surface which would interfere with incident RF radiation. The invention



16 also relates to the use of a device as described with a |ow Q RE
tag to enable useful read ranges. According to a further aspect of
the invention therefore, there is provided the use of 5apparatus
conprising a resonant dielectric cavity defined between first and
second substantially parallel conducting side walls, and cl osed at
one edge by a_conducting base portion electrically co ween
said first aﬁﬁggggﬁ%%lside wal I's, to enhance an incidgﬁﬁ%éﬁggﬁgé%
field at an open edge of said cavity. 10l n certain enbodi nents the
incident electric field is enhanced by a factor greater than or equal
to 50, greater than or equal to 100, or greater than or equal to 200.
If a typical incident wave anplitude at the device is taken to be 2
or 3V/m which &0 &SIt theriee @i 2 pevistipy esreribebifed lvdd RY tagvia enagls) ysefu!
reader systens adadaanpgsspi cal di stance of approximately 5m then such
enhancenment can advant ageously be used drive a device such as an
15identification _chip.of _an RE devjce intq operatiaon ] nced
values in excessr}‘ c%ofd,'r%ft%? f”g};(eéﬁ%le%,Dythﬁlﬁfeﬁﬁéa&eﬁrof%%ﬁ\% T e%? g%gi ng
easi | y achi eviablagpargtfs cginprising a regprsetdislesgeicaibidetingd betrean fitshand 57999 se

val ues of i nci dentstanitalepaaaiplicbriductiag sienindls) eahanatd 4t acd @ige byendvashcd beseel| d

strength and driNgo)Vchse cHREQRDeinBsh AR WsCHd SeBnd ek, @eRbntddn
parti cul ar appl |.c%t| this way all ows devices

ons.. e of a ratus in
such as the | ow ?’35{‘23%‘3 caF?rboé’Srp%gFgfitsﬁ',gcﬁg’(‘/i ng a small untuned
antenna or | oop, and which woul d ot herw se be substantially
unr eadabl e, 10 becarteiaemuinegts denmeieg eattioficldsaenhabddbyrdatbegreater than or

technol ogy. A std,d tofst;,rgfréa,?ehmpr%ﬁaau 8108, BEyrdRyY BBE brRBuPIPHD, FeSypical
apparatus conpri.si

ng a resgonan i.el.ectric, cayit ef i hed _be
TTTat “and second SaBLBAATINER b8 Sa1F GroetRtacet B el Riarre Ol o
25r esonant cavi toraesoRetsiatisaveiagie resAs sestRye abatyRcab GTiNge ofiaRpjOfyRely om.
portion el ectri dehnlsycheonesicarkab edvasegrosyiod ufddiste akdcsadoasdnsi de
Sai 0 cavi Ly e oyEanh e ¥l RE i e MR Ee A A Bnah S B AREcRI P!
oectr e 11 el d TRk o By PN S cisth BlaS bR ke B e Pt
field of sufficiheweverihyjiietripgiee valuge ol inpilent waveRPplitudeagidaneanet BRCQ t ags
di scussed her ei renhadGedTibie st §@RANEVE @iltbdeacioss the/qaiicadan e atkagt fachatticular
enhance an inci dgpf..Bhe6Ld drGodalahlsth AL WA IORERVEAIENSE medvh &EVI 1Y,

and t he elecé onjc device is located at | east artuﬁll i regi on
of enhanced (f eCBPTRedPRnghaypa & 37g VBl 2BlyE o ‘5\71% Fie “I’hb% ng?ﬂ‘%{ﬁ“é' A ﬁee
device is a | ow sQptantillc ongaditde, tropeaeasiviipg eomeertiatbirypiiabla eparies dashnoleey-| east
a part of the device, eg, part of the loop if 35not the chip itself,
I's preferably | Oﬁ@ﬂiﬁ %qhe%épgj:t%f tBQﬁanﬁchi chNidQJ apﬁﬁgﬂ%ﬁgﬁéﬂﬁa resonant dielectric
cavity defined between first and second substantially paralle! conducting side walls, said
25 resonant cavity being closed at one edge by a conducting base portion elecirically
connected between said first and second side walls, and an electronic device located
adjacent to an open edge of said cavity. The electronic device is preferably respansive to
an electric field ie has a desired respense o an incident electric field of sufficient
magnitude, such as the RFID tags and low Q tags discussed herein.
30
The resonant cavity is typically adapted o enhance an incident electric fleld at an open
edge of said cavity, and the electronic device is located at least partially in a region of
enhanced electric field at said open edge. Where for example the devica is a low Q tag
comprising a chip and a coupling laap, at least a part of the device, eg, part of the loop i
35  notthe chip itself, is preferably located within the region of enhancement.



17 Al t hough enbodi nments in which the device is |ocated at an edge

adj acent to the conducting base portion could be envi saged, the open
edge is preferably substantially opposite the conducting base
portion. 5The el ectronic device preferably has no el ectrical contact,
or | ooked at differently, no ohmc contact, with said first or second
side walls. Thewwnventi on extends to nethods, apparat wsT@sehhorzse
substantially as herein described with reference to the acconpanyi ng
drawi ngs. 10 Any feature in one aspect of the invention nay be
applied to other aspects of the invention, in any appropriate
conbination. In particular, nethod aspect¥ may be applied to

appar at us aspect sy, AN\ GENEF 38y FORLEL STLad, healul es.0f | he
present invention W Be° Q&dE ey By *Ray or exanpl e

with reference tsoqdheneﬁeﬁﬁf%ﬁwv%bw&w @eopeﬁeﬂﬂﬁ!%wefe'ﬁplgwétaﬂi'a@hom
a side view of aopevictie @odotingibaxg pbdot he present invention, 20Fi gure
2 shows a perspective vieM/of a device according to t he present

i nvention, Figur 0Si ti RE .t a

on a decoupl e?’ he e' mQI!C d?‘i'ceﬁre?‘cﬂ?ebgp hag re i Sr)ﬁ%?ai 3y av%keﬁag?ﬁerﬁ]gy'

i dentification tﬁ@mczBﬁFiydﬂﬁﬁﬁméﬁé%§”¢ﬁ@%§WWbdlnent of the invention
having mul ti ple cavities, Figure 6 shows an alternative

ggw;ﬂ;m:m ug{ U: 2%4 ML WenOB Gbth&s, gaﬂemﬁévaqu@eﬂgsvebggdstgh%g%% Krerein
back cavity stru%?ﬁ?%g“ﬂjﬁgﬁﬁmgwﬁﬁ8ﬁgm ﬂB@ 84'%ent of a broad band

decoupler, 10
Any feature in one aspect of the invention may be applied to other aspects of the

invention, in any appropriate combination. In particular, method aspects may be applied

to apparatus aspects, and vice versa.

16 Preferred features of the present invention will now be described, purely by way of
example, with reference to the accompanying drawings, in which:

Figure 1 shows a side view of a device according to the present invention,
20 Figure 2 shows a perspective view of a device according to the present invention,
Figure 3 shows possible positions for mounting an RF tag on a decoupler,
Figure 4 illusirates a commercially available RF identification tag,
25
Figure 5 shows an emboediment of the invention having multiple cavities,
Figure 6 shows an alternative embodiment of the invention,
30  Figure 7 shows a two back to back cavity structures,
Figure 8 shows a perspective view of a back to back cavity structure,
Figure 9 shows an embodiment of a broad band decoupler,

35

Figure 10 shows another embodiment of the invention having side by side cavities,



35 Figure 10 shows anot her enbodi nent of the invention having side by
side cavities, 18 Figure 11 shows two cavity structures with

co-l ocated open ends, Figure 12 shows another end to end cavity
structure, 5 Figure 13 shows an alternative side by side cavity
structure, Figure 14 shows an enbodi nent of the invention

having a varkggggwﬁg¥ity l ength, 10 Figure 15 shows aPhgﬁ%g%ﬁﬁzﬁég,
|

Figures 16 to l'ustrate the performance of various enbodi nents of
t he inventi on, Figure 29 illustrates possible configurations of
t he conducting base and wall portions of 15enbodi ments of the present
i nvention, and Figures 30 to 32 show enbd®i ments of the invention
havi ng a curved base portion. Figure 1 shows a side view of a device
or decoupl er according to the present invention. 20The decoupl er has
a layer of net alFidueritishaysdawd ¢aribtstrecpmeside Palgeatad @eengafs. 2 spaced apart
fromand parallel to a another |ayer of netal formng a second

conducting side %@%%mégw§?$§%n%mﬂo%kﬂﬁww@ﬁkﬁmﬁnc'Ose a dielectric

material 6 which or nay be one or nore layers of materia
such as PET. The two conducting side walls define a sub wavel ength
cavity, one end Rduredtlisodwsias atdrmeckideypy sidecwyitigeuctuily end or base
portion 8. 25 One or both of the first and second conducting side

vall's 2, 4 My bg, contd UOHS AL BeeGRORUEIAAGa RASE. RORLAR, 8. The
p a

end of the cavity opposite the conducting se portion 8°is an open
end, i.e. it has no conducting wall. The conducting base portion 8 is
t he only condoct figue 15 shéwszgow@Ei tache first and second side walls 2,

4. The decoupler is shown in Figure 2 in perspective view. For

clarity no soli dFi Jre%|139<}58iilﬁlstlra@/tﬁe§ péﬁrm%&%%arious embodiments of the invention,

Figure 29 illustrates possible configurations of the conducting base and wall portions of
15  embodiments of the prasent invention, and

Figures 30 to 32 show embodiments of the invention having a curved base portion.

Figure 1 shows a side view of a device or decoupler according to the present invention.
20  The decoupier has a tayer of metal forming a first conducting side wall 2 spaced apart
from and paralle! to a another layer of metal forming a second conducting side wall 4.
These two side walls enclose a dielectric material 6 which may be air or may be one or
more layers of material such as PET. The two conducting side walls define a sub
wavelength cavily, one end of which is closed by a conducting end or base portion 8.
25  One or both of the first and second conducting side walls 2, 4 may be continuous with
the conducting base portien 8. The end of the cavity opposite the conducting base
portion 8 is an open end, i.e. it has no conducting wall. The conducting base portion 8 is
the only conducting link between the first and second side walls 2, 4. The decoupler is
shown in Figure 2 in perspective view. For clarity no solid dielectric layer is shown.
30
The device is designed to decouple radiation at a particular frequency. Itis convenient to
consider a simplistic model of the functionalify of the decoupler, in which RF waves are
coupled into the cavity and propagate along inside it until they reach either a closed end
e.g. metal wall, or an open end. A proportion of the wave Is reflected at the end (whether
35 the end is open or closed) and travels back along inside the cavity.



30 The device is designed to decouple radiation at a particular
frequency. It is convenient to consider a sinplistic nodel of the
functionality of the decoupler, in which RF waves are coupled into
the cavity and propagate along inside it until they reach either a
closed end e.g. netal wall, or an open end. A proportion of the wave
is reflectedVd20HE48hd (whet her 35the end is open or PETHEHAY002T
travel s back along inside the cavity. 19 Wen the length of the
cavity is just right the waves running back and forth set-up standing
waves. The standing waves lead to the creation of regions of very
high electric field - the electric field 1s resonantly enhanced. An
RE tag whi ch openah és iathbithd calityeejue NgH thekves rinfind IReiadradorneetfupt o/ i n

the high-field rs?a%:ﬁ?d\rvéés QL eghin P%%s@eg fahd c‘?é}tlonﬁ)f B @éﬁ;ﬂléh(élécc!r@ d
will be a mni m4

ortion d end)
and a maxi mum at ec?ffgtﬁ"ftée%ds reﬁ‘f’i‘@?ﬂém%agce?h%“ %fstﬁ?lgf‘ H&W&‘ ﬁomf tern
formed is a quarf'[e@trenwa!‘(}‘@h&é‘tcﬁfe@ pear indn the highsfieldagaiod 1§ fercdd inje prerafion.
Therefore whesre L Adl4, where Ad is equal to the wavel ength of

i nci dent radi at'meeaéetme 38 o HrBhEELHG LTIl L0, Slbol osBbHR)

10to the free spaewave efractive_index of the

di el ectric mat erf"gp maximum até‘%cﬁﬁa'? ?’E’r Wé‘?f%g??étﬁ'&f{'ﬁ aVR? QerBé?f'f'eéjrsha will
be gener ated wi tdudrier wine pefieer], exitiusirgfedyafigure hITh@ﬁfOI?MJéefeéw\t/‘y wharpdgs | eads
to a very high feiquf@tﬁéwdvaangﬁqrceﬂa@éaﬁrymafm WiHireth&@diectic ifatenal fdioh v e@haﬂi ty

of the open ‘?d”'dwo%@{g'ﬁ-%eeéf:‘é{ IRl &%ah%lv.dw@ tﬁeersﬁéawe%em Q%ie@iﬁyﬂét .9

Therefore a tag can n or en end

e
the enhanced fi Pl # AaTRYSSi4Ege yave PRYSGLYILPePS ‘H?)tﬁ%w’g‘@ﬁlé? dbeg%‘ Fbl e

posi tions wher e reatarigpf the gdvilly. bisleadsid e derphighafietiet bei fsbapency pfintepst wigip 10
coul d be | ocat ednduidither tfd dp&d en@ OMHAIEGd: naBriS e aesdBblér mdy BEMBSSRdlhe end

of the si de wal lTheryr}?e attg%]:abﬁe;al%%@{aﬁgr e} 1 o% grtoc() gto%%ﬂ@ncédQeld lm

separate it" sllghtl surface of e conducting materi a
The el ectric*¥i 'I"%Ireﬁ‘ﬂ“thl s region is high and would couple well to
the tag antenna. Alternatively a tag 12 could be |l ocated within the

cavity, close toriguRes MeRdsoRB Gossibld@odiloBiiRresdBysouliBE IotAg chd dasdubler.

sc_hemati .Cal ly, a%}lucklﬂtg WJOHE’&%%B ﬁ?hl s%%n&{g{?’ﬂtgé{dg'ﬁalga%?os%ﬁe end ofthe

orientation of t ﬁ%‘ Cl se
geonetry of the 9ggahntheag lpspted op Qéﬂ?cﬁrlﬁ@t ?@W)ﬁﬁe&?{ﬁtﬁﬁ'@my TREP
enbodi nent s, 2& 2bHcantthe toadpcivginatanals Thd gldcil feldie thisgegdndenighang hfeufd

cavity, substantdoayd VellRgthalak ﬁtllterWh t mteprmamawu@aﬁh HeQoMBted WdhitBfiSeavity,
A L e T
conprising a chi3pPretiaterbiatig Peagise orientation of the tag within the cawty wn epend on
precise geometry of the tag and cavity. Given the low thickness of many embodiments, a
25  planar tag will most likely be located in the cavity, substantially paralie! with the upper
and lower layers.

Figure 4 shows a plan view of a commercially available standard UHF tag (for example
an 888MHz Alien Technologies UHF ‘Squiggle' Tag), comprising a chip 20 having an

30 integral antenna 22. The width, w, of the tag is 8mm and the length, |, of the tag Is
95mm. It can clearly be seen that the majarity of the size of the tag is due to the anienna
{a typlcal situation for a commercially available UHF RFID tag). The chip itself is much
smaller, in the order of 1-2mm. The antenna is funed for free space operation although
different antennas could be used which are tuned for a tag used in a particular

35  environment, Operatlon in a different environment would require a different tuned
antenna. The present invention allows such a tag tuned for free space to be mounted on



30integral antenna 22. The width, w, of the tag is 8mm and the

| ength, 1, of the tag is 95mm It can clearly be seen that the
majority of the size of the tag is due to the antenna (a typical
situation for a commercially available UHF RFID tag). The chip itself
is much smaller, in the order of 1-2nm The antenna is tuned for free
space oper atl‘ggm%lﬁhhgygh di fferent antennas coul d be %@fﬂ; mjﬁ&gmare
tuned for a tag Ude®Tn a particul ar 35envi ronnent. eratBl on
different environment would require a different tuned ant enna. The
present invention allows such a tag tuned for free space to be
nmounted on WO 2007/ 144574PCT/ GB2007/ 002145 20 a decoupl er and then
used satisfactorily in a | arge nunber of environnents where

per formance woul 8 IFSFRIYENYMefeuserbtisdatiodly inSdaree RMberafevpogeRs Bhere

di recti onal ant epsr@snente wouldabinemasieiriat. preferential l'y interact
5with linear polarisati on of a speci fic orientation) and therefore
may only operate, corr g@ % te ta%als correctly orientated with
respect to the réader Fo Oﬁ%eﬁ?%re? ket apegRedts: Bﬁerlnﬁ%tf‘ﬂeﬁfer%?a"i' Rigaflag
and/or enitted by Rearpalgisstion otrespedisariqntsiion) prskihdrefore oy enictiperete oprrectly
emtted or recei woesh tinstag i eorfeeiddaEntatddNER reb iRt th &@ rdaBer FIMBIErE RatOitidibie

surface of the d%@l@éhpiat%{e tégtanﬁnlapéﬁl. hy tb\pﬁ%l ?af; pnraﬁ dé%%he%%@ﬁgaﬁt!nloy ragigtroﬂ Qrgﬁg

line with the axis of 1 on

i s not necessari P)fecgﬁ’e‘%%y B?ASF \@'F‘PS‘SW ‘%’B‘ﬂﬂ”}eea‘ﬂ h‘éﬁ‘gfacef%wef‘?@'t‘pé‘?ﬁée on
st andar d packagi ﬁ@uw{@r@@rﬁmeﬂﬁgiyamg%ﬂe@bﬁmtemeamseoftf@@amted in a known
place and ori®ntation on the article. Oientation issues nay also be

b 1= OT i n g Ql |
g\r/erelcfjlrrleOt | Xars:og[g%}eﬁ E&l{ﬁm PE&B/ernf%%' é’rfc‘:f e%é(séé WEQ éﬁ@%@&e +Hp§c§tln Gl rfo‘?u ar

1.0
antennas. For inStancd" ﬁ?'ﬁ%ﬁﬂé’ag‘a@%‘%@gﬁ%aWF?‘QP"'%%"C@@%BﬁﬂfF‘é“f"s of
the present inveRgfchd otsnigtiagenthogrige. Ofretatintisnesar alsobedverdorty/bydBing

Radi ati on of t hetraﬁrpitt@rpédeaénfsyWr&ﬁgﬁhbe o ridgeliptidal pfofahsdﬂ&isadrhﬁ@&té on

woul d create @ SE@WeFégﬂyV@é{r%d 'arq{slerﬂgg Fd méterh@e H@H@é‘mﬁ% \9%\! on of

t he orthogonal | ari sati on nlfl e ot her

decoupl er. Were %8??'96%06 B presr ‘t"lﬁenﬁ%i‘r ?’V °5F?p Stheypiber B'ﬁﬂ'rPté‘F‘éPlygof ocat ed
RF tag then one Rediftien ¢éhezerrprigeadvakneib baving atfisepopasagion watdiconteal t he

i nci dent radi ati stndingbaieanSileybf thB edolifiers] GGOiHTDN BF tBe &ﬁbﬁoﬂal R8ardshtich heusanme
pl ane instead of crleéf@?-rstgrﬁj quvquthggﬁer%%coﬁﬁgrt O\% e e%gw ero tle caqr?(rae
d-' Fi gure 6

separate dec%:dpl ers use orl en
e

shows an al t €nafif8" '25‘?3? N 0 tWTé’P%W?qLFebe&été’étﬁ‘?)W@t%’erd?eep°faﬁsaf“l’fe3f sane
pl ane, but the sihd@cideit fadiatone Onddusly e toalegmplers phufiite.in tBugHmedlane instead

25ar rangenent cooflistatbd 61 oafiplof &RthbQRd &o of Jﬂs‘re Qafa&%r o%cc%le;@ Rbseisdh
exarrpl e. Two de;gt@en?&%n@%ﬁls dFlB.l(la‘e é 8\%\% gn a!terneﬁ:ve arrangtj)emeﬁt wherthe d%couplergows

a side view of
are In the same plane, but the side walls are not in the same plane. Such an

25  arrangement could find application at the corners of objects for example.

Two decouplers could be located back to back. Figure 7 shows a side view of a two
decouplers in a back to back arrangement. The two decouplers share a common
conducting end portion 8. The top side wall of the left hand decoupler 2 can be a

30  cantinuous layer with the top side wall 14 of the right hand decoupler or they may be
separate. Similarly the lower side wall 4 of the left hand decoupler may be a continuous
layer forming lower side wall 16 of the right hand decoupler also.

The length of the cavity on the left is Ly and the length of the cavity on the right Is L.
35 Whilst these cavities could be the same length it may be advantageous to ensure that
they are different lengths, each cavity being arranged to couple radiation at a different



decouplers in a back to back arrangenent. The two decoupl ers share a
common conducting end portion 8 The top side wall of the |left hand
decoupler 2 can be a 30continuous |ayer with the top side wall 14 of
the right hand decoupler or they may be separate. Simlarly the | ower
side wall 4 of the left hand decoupl er may be a continuous |ayer
form ng | owerwstoderawai | 16 of the right hand decoupl erecalesenorinoziod he
| ength of the cavity on the left is L1 and the Iength of the cavity
on the right is 1.2. 35 Wilst these cavities could be the sane
length it may be advantageous to ensure that they are different

| engt hs, each cavity being arranged to co2ple radiation at a
different 21 wavel en Thus a tag 10 or 12, ich operates at a
frequency corr esbvg\ﬁcﬁ"%é'h[%s 5%1%9/@“@81'&'% OBEfratﬁﬁ_aiagg‘ih'F?fyB ’els‘i%i?getaaon
the | eft hand de®8wfseh offhoboud B¢ bfataden thetiefidnandidgcoupiai avH adfereritassi8at  a
frequency corr espbidtbgegitesat Biradine) @REHpBnIdE todd Waveiengkitbr Bi§ chubiati@ete®tn

the right hand deeoyRh&f-dedlbis:, my%aﬁo@llé\ﬁfﬁo%}p@reﬂiﬁg%?orb%mo]yt dddide
rk, This

A
mount ed on a devic nd poth to wo . 5 coul d be use I n
tagging i tems%t r SQ/‘jgkioﬁ}qﬁﬁorgr%ﬂ?rF&”'? PRUsRiYYT Gositedipas E‘?"FLF’@raé%’f‘é] f egletiEres
are used. Even i fiffegantirequpesios arg uses. Eventifonlyvostag litashediess timdesion diecoupl er
allows a user a atwime aivs bager b ERIHE ONGEY/ireqhingl IFRyuid S5dROMEa Smifsi ok @1
back to back decguplielo,J&3LaR bhaATLR egﬁ\}\;,s;é%%ig%ihtye view point. 10

Anot her design of decoupler which allo erent wavel engths to be
decoupled is shown in figure 9. Here two decouplers are in effect
stacked on tolf of\nelasHesisn hidecaunldr wirheliows diferemurvelpgtbntd be devdeptstliisng
Isi de vvglol . dA }‘i I sitow@ awtighng 90Fierk GROktbudBk 4reiiSereQABEd bNtoﬁ@ﬁ%daﬁﬂrieﬂgad _
ayer , dielec ' i \V is
cl osed at one engﬁéf)i/a .gbﬁrr]rgaﬂ%c?%éc%ﬂ%g@@é@%‘ﬁﬂb%%%@ﬁ@tf %gthésp ‘?% ﬁ%ah w
di el ectric mater FHIUHR 185430 HelETd RLIANCEPHECING e 3B 3T 63 18 KPEAd
beyond t he:fir st alcoadudtyicerguitingease B@tion BheNdtehgithe dlectrib evatedal B2 andi s
g_et e{ i negl_;.rb%n_st heeobmhdngﬁt; |e36r@8 béth @4 bbyARd the ﬁr@t-coﬁc{a&mb epgkh ok [ég&ﬁ
i rst conducting . . | Vi [ y a
third conducti ng°{*§§‘g‘?§’“"§%",ﬁe§?@%§§?‘ (rgileg]&ggpag%do?gveeg%h" '%8;'1%%%? firttr.‘qg;fg‘cftayer
33 with one end BEFHYNEPEEE ARFORS AU eing ity sfermee b 3 i omductigavel ¢ he
di el ectri c' mat er PaldieBdiria3fding ewamictonynitky Givéri3g wldna ped bed g cexddénd beyond
L het L hi Ir d.c ?ndu?amagpuh@%eé poRRN @ﬂd‘i\gtam%lel RNGH B B rid flﬁan@?é/[joﬁd’clzolnﬂ@ﬁrignfd
y the | ength,,0 uct or lLayer, i e ar
ther eror o that eSE S RrEy oG P Bidions BVl B pBlP gl o ey el
di fferent wavel eRyPhleagbofthedhidreiductariayriols Mt evit kegieanibereipa that ¢seh
posi tioned in ar eaiy wilbpecie mast efedivaly attahitfe@pyraogrigtitaed thereljreaneyyriate
correspond to ar egssddouldb8poshibieh th areks, whith th RO adld HPIGIRHeqieftY d be

beneficial with oupl er_cavit of the same length. In the
ar r angenent shomﬁﬁféﬁp"ﬁ?g’ﬁ?eés T:@’gh%‘:tﬁ%g placed with its antenna across

the open ends*®of both cavities may benefit fromthe enhancing effects
of the two cavit Begh.anlanmarges@nald bk Wene@dC wiH datdupigr, cavitiesphias eangilggine &

are exhibited ack@egafyBnatshobdvin F%uFehI'O réqlagi p‘ﬁac&f\ﬁjﬂtiﬁgntéﬂg%r&% %ﬁetopﬁl ends
metal lic region BG  but this i, Qul of Bhase w th,the other tWo. ot
is believed ’ '
two osclllating, in-phase dipoles are exhibited across AB and CD. A third is created
30  across the metallic reglon BC, but this is out of phase with the other two. It is believed
that, since BG is a much shorter distance than AB or CD, the field across BC may
dominate, creating a higher field intensity than can be obtained via a single cavity.
Alternatively, it may be possible to create a geometry in which the AB & CD fislds
dominate, driving currents through the antenna more efficiently than in the case of a
35  single cavity. Although two cavities have been shown, the concept could be extended to
three or more cavities joined in a similar fashion.



that, since BCis a nuch shorter distance than AB or CD, the field
across BC may dom nate, creating a higher field intensity than can be
obtained via a single cavity. Alternatively, it may be possible to
create a geonetry in which the AB & CD fields dom nate, driving
currents through the antenna nore efficiently than in the case of a
35si ngl e cavigy, ol idpugh two cavities have been Sho"‘”i-cﬁeﬁﬁmfdaﬂﬁéapt
could be extended to three or nore cavities joined in simlar
fashion. 22 Figure 11 shows an alternative enbodi nent in which two
cavities have their open ends adjacent. A first cavity is fornmed by
conducting layers 40 and 42. These | ayer# encl ose dielectric materi al
50. The cavity is closed at one end by conducting base portion 46.
5Conducting | ayer 42 extends to also formthe side wall of a second
cavity, which f fistRdf showhpr pliswative emerdimentiywhielyiue cariiies heysibRiropphgds

| ayers 44 and 42djadesio Adirct=0i8as direl eciohdctingadyet kahnd30. Thnde birer@clbs® a

conducting base d@@E‘J‘lé PhefhsoC Hﬂéda{ﬁg |§cﬂ§ecﬁﬂ Gne & §V&J|nbuc%@asec1§forh§rpﬁf ture
52 between c

nd t he
Do conduct | o batOalegah &ates Bt e b e Gsr S s L MER
effective open é@fﬁpf'ﬁ%ﬁrcoﬂ%‘eﬂﬂ&@v%df ceaniuciieggayee|4¢ HM@W'%ﬁ@'%‘bﬂlP‘%P“tchl nk
of it as a half mamviglseagtthere@dictridudthy Be pstiod kDaEthgahe dat A seactsp,and

has a quarter w@yﬂu%%tb&wﬁémnmfag Payé?m a%mBE:Jcé}&j Am@%weqmegmmtohe

aperture 52 or with

P erture vould BRHHEabERros e oF amsepbrosher s aouraseet % vl g
and woul d bel0dedwngavitas (#"fﬁ"@}l@hawo%ﬁ\fnaefet9@1’6151@&\?%'9'9@51 Yy whigh is PloseH s a
sim | ar enbodi mesth ehistandiasiangarr Gfraeeth Skndet)VaeRF tah@citvdovednd i es.

Fi gure 13 shows g, i sfz%r@mn tﬁdﬁ?e%%m%na@fn m’ﬂevmaltJaf%%p&faeéwomdqgcoupl er

where the cavi t| es I

whi ch may or mayPRE (IR IO G S A IR [ o
by a single quaretests. wave decoupl er having an aperture in the top

| ayer. As merdioned the Iength of the decoupler cavity, and hence the

wavel engt h at %ﬁ!& 1bt3heoos @Qrtewa@& &%5@59%95@pacgr%mgsvsgn%m&lcéweé he

| ength of area of overl he two onducting side

General |y the decoupl er WI |1 be designed with a particul ar frequency
in mind and so tsere/1@mpws agififetshiembedioanpdf @muttioly Favily decouplebehepeghrseanitins
across its w dt hyre sldipg sitiSartiGBpspiidddn b kyaca @ meresaly iR be fgdidig. edge
of the first Zd:or}qfé%dldlgef?écpn% formed by a single quarter wave decoupler having an aperture in

the top layer.

As mentioned the length of the decoupler cavity, and hence the wavelength at which i
will optimally decouple, is determined by the length of area of overlap of the two

25  conducting side walls. Generally the decoupler will be designed with a particular
frequency in mind and so the length of the decoupler cavity will be constant across its
width. This is conveniently achieved by ensuring the edge of the first conducting side
wall which contacts the conducting base portion is substantially parallel fo the other
edge. However there can be advantages in deliberately changing the length of the cavity

30  across the width. Figure 14 shows a plan view of the first conducting side wall of a
decoupler according to another aspect of the invention.

The decoupler, generally indicated 60, has a flrst conducting side wall 62. At one end 66

this canneets to a conducting base portion to form a closed end. The other end of the
35 decoupler is not parallel to the closed end 66 and instead the tength of first conductor

layer varles across the layer. This decoupler will therefore form standing waves over a



wal I which contacts the conducting base portion is substantially
parallel to the other edge. However there can be advantages in

del i berately changing the |l ength of the cavity 30across the w dth.
Figure 14 shows a plan view of the first conducting side wall of a
decoupl er according to another aspect of the invention. The
decoupl er, gewerwt/d4ys74 ndi cated 60, has a first conducthCmigBgiot@2mal |
62. At one end 66 this connects to a conducting base portion to form
a closed end. The other end of the 35decoupler is not parallel to the
cl osed end 66 and instead the length of fjrst conductor layer varies
across the layer. This decoupler wll therefore form standi ng waves
over a 23 rangeagk ottiifefedl ieglentiéetiy esni :g8in dbdiof:¢|u8edagia ia fanb di&dEferonte

be used With a NaRofdligtioh hebaBloid As soiensOIdEs s b EurdieGouR! er

| ayers do not have fo |1 near and curved edges cou e used. 5It
has been observéﬁm?ﬂﬂﬁeg de-coupl er, originally designed for 866Mz,
can al so de- couple tags that operate at 915MHz in free-space. By way
of an exanpl es tihes Aen@bschad el Rgbtr, YadhvifzdesiGeEdiig gtz g alssdever y

simlar to the '@ohp@&s\%ﬁ ratt@zg 9:@1&?? f%%l]s_%acg.igyf\rﬁ%ﬁfgﬁgxénﬁ)iet #e hlt@:ﬁ nai n

bul k of the antenna which i uned for - IVHz . nas for. both
tags i ncor por at e'*SHPHTER étﬁqB‘ ° ?i'ﬁ&?VFW@'"Y%%W%H‘*”S%@E&%@W Bps
are 10l argel y i dffstenesds in thetmaivadiklo&tamanidnoamhithhisiunadtier Stkelidy plhe pri¢naader s
the main bul k offutod® taBinestpiats SoikpelRRe looblgfORe MMt inbelaartie@pnaei s on
the de-couplgg i %lfidé?\%ax it B MRRAR PG ENd 208, i}e{‘r@ﬁde%é;ﬁsﬁébutk@fﬁe

s stiPl” rnterceptin | ma at

de-coupl er i p power opti y 86_6]\/|—|§Pél nd

i ntercepting vi rd"Fam govrganh Hsawereathe g1t og dhejdeLouper ¥ § P ﬁ‘ée curve
is close to OdB iaredatredoop fhetjorttasy. Therefore the tag, despite being
designed to operate at 915MHz, is being driven into operation at

OO 7L 1T SRR RSO BB 88 8L !

at 866MHz as it w | _ , decoupl.er intercepts
power over a'?rRREHEG ¥'aNGees BEETAREHEREAARCH BB PHEREEHY 1 be
achi eved when t héedbedugpbe despRoberyaesigmadie opaiaie at-916dHzm isbeiss@iverdelgr ee
of inportance - {§pb@iidnagserMHz. O iSRRI bdchiRe §3 1B {vill GFHRE Yot as well at
8B66MHz as it wili at 315MHz. Therefore the decoupler intercepts power over a
frequency range, but the maximum performance wilf be achieved when the decoupler,
. 20 ihe reader and — to a lesser dagree of Importance — the tag all operate at the same

frequency.

The present inventors have therefore realised that an RF tag could be used which only
has a small antenna. As the decoupler coupies radiation into its dielectric core and

25  produces a high electric field at the open end of the cavity, a tag located in this region will
be operating in an area of high field and wilt not require a large tuned antenna. Thus the
decoupler of the present invention can be used with a so called low Q tag. Figure 15
shows an example of a low Q tag, which has a small ioop 70 which connects to a chip
20. For example, the loop may be approximately 20mm in length. Referring back to

30 figure 4 it can be seen that the tuned tag has a chip and effective inductance loop but
also has a significant additional amount of funed antenna structure. The low Q tag can
therefore be thought of as a smaller variant of a tuned tag. The low Q tag wilt not
function in free space unless the interrogating wavelength corresponds to the antenna’s
perimeter (e.g. 6GHz operation for a 5cm loop), and hence will not operate at standard

35  UHF frequencies {e.g. 866 MHz) unless the reader is located within 1 or 2 mm of the
chip, because the antenna 70 is inefficient af coupiing to incident UHF radiation. The low



The present inventors have therefore realised that an RF tag coul d be

used which only has a small antenna. As the decoupler couples

radiation into its dielectric core and 25produces a high electric
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will be operating in an area of high field and will not require a
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| ow Q tag, which has a small |oop 70 which connects to a chip 20. For

exanple, the |l oop may be approximately 20mmin [ ength. Referring back

to 30figure 4 it can be seen that the tuifed tag has a chip and

effective inductance | oop but al so has a significant ap??gidgi onal

anount of t uned “dif &RRY™ tbiBGEiYﬂ'lg‘éﬂ.“aﬁ?éthFer%’ﬁ'ﬁﬂf’ EERPAARETETSPE be
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| oop), and hence w It not operate at st ) reguenci es G(1e.g.
866 MHz) unl &ss SPFrENdEsenss drcgunss Sertutionip A RHE® 87 R G YHE™RRAT p,
because t he ant &lasyEBmivdthouhibé fidedilcevrer edstinacotetnian grotns! thahoividifte UHF

radi ation. The lueupierda (3t tuahr adWBhtadd idBYICREMAdHaY fc the RRID hatuiicger t han
the chip itself, | be pl aced on any decoupl er according to the

i nventi on. Note“fhat the snal | | oop section nay be replaced by short
"arns' that extend outwards or partially wap around a spacer, since
even two shott 'liseulysh foghid thethalgeawsdy silifief deciugian the maledalggos witeheis miagde o

t het ﬁhi p It f conhdimg podiibham obsHRAirRs the Yaglite fgftetto the aedapli@ infludnedite t |t on
In the antenna %b&o‘?mag{clé gf‘%{?‘e s%%?ém %hw{n?urﬁﬁé(??@ﬁéestﬁﬁgrgh gf%@ﬁgmﬁ\é éah%%'er_

the need to wap exi st q ant ennas around t , ecoup
A yet further ad®dnft SRjes I EPRPUTRIEAY Creaing CPl)isd fiefouris; designs prpnow
manuf act ur e pr oclesshed 1@h tefdnamse b Egnres Tin &9. tMagithurh e d-grmoerie the ynoeifcominen

decoupl er, the mRLRELAyShHch REeMRINGResk bf theiebBamfdistiegsupasi tion and
orientation of the tag with respect to the decoupler influence the

performance of the system which in turn determnes the range at
whi ch the tag cdm aliest gremeimalin demareiengh indhgecourientos Flar) & relsteditnige

opti m sed decoupl.en. dgasi fgeré-%pﬁéf"ﬂ, now %g%zrﬁggﬂewdéﬁl reference to

Figures 16 to 29. X1 num r ead- r&mye’ i e nost common 15par aneter
by which the effectiveness of the design changes is neasured. To a
first approximation the wavel ength ijf the decoupler coreis related to
t he maveleng£§ in free-space (Aﬂagmﬁ#¥§%% the refractive index n, as

The highet the refractive index of the material the more siowly the waves travel through
it. The frequency of the waves remains constant resulting in their wavelength being
reduced, Taking PETG (refractive index ¢.1.8) as an example, the requisite length for a
25  quarter-wavelength decoupler is 48mm. This can be proved empirically by starting with a
quarter-wavelength decoupler that is significantly longer than this and recording the read-
range achieved as the decoupler length is reduced. Read-range using an Alien AL870
866MHz reader system and the Joop frem an Alien World Tag as a function of cavity
length is shown in Figure 16.
30
The reduction in length reduces the wavelength of radiation that is trapped within the
core and Increases the operating frequency of the decoupler. When the length of the
decoupler is such that its operating frequency matches that of the reader system the



"I conAFr ee- space 20 The higher the refractive index of the materi al
the nore slowy the waves travel through it. The frequency of the
waves remai ns constant resulting in their wavel ength being reduced.
Taki ng PETG (refractive index c.1.8) as an exanple, the requisite

| ength for a 25quarter-wavel ength decoupler is 48nm This can be
proved enpi VAP starting with a quarter-wavel endCHGHETURIPEr
that is significantly longer than this and recordi ng the read-range
achi eved as the decoupler length is reduced. Read-range using an
Alien AL870 866MHz reader systemand the,toop froman Alien Wrld Tag
as a function of cavity length is showm in Figure 16. 30 The
reduction in | englbbntbedusesuddientyhy edceuplt b makimsadkng theosrdiriige of tiss
trapped within t%lﬁenq Lexifidy. ] NCcreases the operating frequency of the
decoupl er. Wen ength of the decoupler is such that its
operating frequency matches that of the reader systemthe 25 anount
of power coupl edVientts ieriats ireduserbitibiurtiestherpperangseaguamnyoithesiessRl®l- r ange
of the systensi Soemﬁ@smeaedhanw\ﬁaftmmdbmgédmammmﬁt@derdobpzécumo her

the operating frRaUBNEK, L Lhe JIRGOURLST 1o REcRRBRIAS eat er t han that

of the reader system an power coupled into the
decoupl er decreases again resultlng |n the read-range falling. It is
apparent that t hes epeientint thavbtimpmi ceviytehgth liee Setiyeani@ Smmad S3 WiHEP '19mm
which is close tdmst t8hd thapdied vl of ¥adn) ehedhind ARER:pakblas dtnsidired due the

di screpancy ig C;%R&rbzg%ﬁ ﬁqmdd'égou%n Erer %Qan@f?ﬂ;ﬁhg th?ttHe%lﬂfbe Eﬁ‘gddg%pr@&lta@lr:e

resonance by the q dit] o?a d[g gec ger %Sh%

the interaction ‘BLF 4 PingEeten OUBHBA SRS & 18 10407 AR PP e YEEGUPT er

whi ch shi fts thehe esoadfeqkreqilbneyptens & Weolsyst em as a whol e. The

t hi ckness of a PET spacer between the tag (and | oop) and the upper

surface of } he The thickness of a PET spacer between the tag (and loop) and the upper surface of the

. 15 decoupier was varied from 50 microns to 3000 microns. An 866MHz reader system was

used and the cenfral loop of an 915MHz Alien Squiggte was used. The read-range as a
function of spacer thickness is shown in Figure 17. The optimum spacer thickness can

be seen to lie between 500microns and 1000microns.

20  The trend is as expected: as the spacer thickness is reduced the capacitive coupling
between the top metal layer of the decoupler and the part of the loop that overlaps it
increases. In the limit where the spacer thickness tends to zero, that side of the loop
would be in contact with the upper metal layer. In this case the loop acts as a short
between one side of the chip to which it is connected and the top metal layer. This

25 eliminates the voltage across the chip thus no current flows and the system ceases to

operate.

As the spacer thickness is increased beyond 1000microns the strength of the electric
field is beginning to fall rapidly: the potential across the antennas terminals is smatler and

30 the read-range is consequently less.

As stated above the decoupler functions by creating regions of greatly enhanced electric
field which force a tag placed in any of those regions into operation. There are several
locations on the decoupler where the elactric field is high and others where is it low-

35  valued. By changing the position of the tag on the decoupler from locations where the



15 decoupl er was varied from50 mcrons to 3000 mcrons. An 866MHz
reader system was used and the central |oop of an 915MHz Alien

Squi ggl e was used. The read-range as a function of spacer thickness
is shown in Figure 17. The optimum spacer thickness can be seen to
lie between 500m crons and 1000m crons. 20The trend is as expected:

as the spacery s is reduced the capacitive cou n
the top netal #g@gﬁﬂﬁ t he decoupl er and the part of ?hgaﬁggﬁk%ﬁg
overlaps it increases. In the limt where the spacer thickness tends
to zero, that side of the |oop would be in contact with the upper
nmetal layer. In this case the |oop acts 25 a short between one side
of the chip to which it connected and the top netal |layer, This
25el i m nates t hé’e?/tB‘f fte}fd%h’%'é? tyeadionspyders s ov 'Hif§%?|ge"29f]?t'ia§ﬂttha¥’ﬁf)([}?§ and

t he syst em ceaselecttiofiesiyatherthan the magesti¢ feld thgpigbeing exblvitskness is i ncreased
beyond 1000mi crons the strength of the electric field is beginning to

fall napidly: theRal O Al A6C 35,08 AOKARAAT, L6! ki by sl Ter

and 30t he read-range IS cons

decoupl er furfct iSEHEH! e wet ?’ﬁ@”?“éb‘ir%‘?ﬁa"&‘f t‘ﬂ‘ia@éfqey’glgﬁ?]‘é gba" PEE%i ¢
field which forcecatthagospt ercledatent ta tig bese portirdeiningshg wne anthloger
operation. Ther c¥igors Ve Fedbn bf@e%béa@&cm;emeteﬂsw@m RE e ef the tohiey

electric field 'bﬁt n@ %gt?q‘({ﬂ%%s{l%ﬂ%ﬂt%ﬁ%ns‘h%&ﬁgm HRW a%égﬁl]nel{%gcup@y

changi ng the position rom gcatl ons

where the 26 elWERPISCIIEMEpPls fé? Hs FRaWR- & feé%eé‘f’gg‘rféq”ﬁ%@f’é’" paniog SpR0P | ¢
can be denon$l r akgaatetiabsd tb the seteH@sebaton pidderfds sl zdropathierenebal fiehe
magnetic field that. i s being exploited. Consider the quarter-wave
decoupl er as shown in Figure 18a. The electric field is 5strongest at
the open end of the core or cavity &tomards the right as VI? Llﬂ
goes to zero at PRESHITEUgrasTHsIgPAVEHp SP¢m e ngdatwagnes BFCEr ithg

t he upper and | cwelitvdsehtiioterere ithigeargdeld hesdkeremhantedtyy adéadcvric fiel d
ext ends beyomg tab@roﬂelﬂ@y 8. Tﬁd\ﬁagﬁawrw[frmpa&et@usmmmcﬁ@%ﬁmftﬁNm

exponent i al |y as, g ol anGe Ol g aGEe Lk i HS5RHPlhcoss o 10,

i ncreases. The mag ne for ere gure 18b,
and can be seen to 10be greatest close to the netal base portl on and
tends to zero atvatihe papemnnigretiod otdtey @adideptric Fvidy aed gotvn inCighiedP.dn scal e

runs from OV/ m tygncahWidhdenk '@l@ctind?féidqi\ﬁmhe U&%&n@ﬁ&un%&? adveh 0, isGosfaheng
?22![ 1)':_ ugfe of 2(5]' Vi pg}p%rt:]cﬁcu%rto I{hee b%sr;'aepo ion 'FStOB IA%ag caﬁ 'bg pch%§ a%ﬁ&e gigrl:baé?é:eeld by a
which is opposite the base portion 1800, as shown at 1802, and can be read typlcally at
& range of 4m for a 50mm wide PETG core decoupler. 1t is noted that the fag can also be
folded around the open edge of the core as shown at 1904. The tag can also be
positioned along Side 2 as shown at 12086 for example. The electric field strength
25  increases moving along side two away from the metal base portion. As expected this
causes an increase in the read-range, as ilustrated in the graph of Figure 20,

In this case the decoupler core was 4mm thick with a cavity length of 67rmm
The maximum read-range occurs some 20mm in from the edge of the cavity along Side
30 2

Moving along the cavity from the base portion towards the open end the electric field and
therefore the vollage is increasing and the magnetic fleld and the current are decreasing
- the impedance is therefare increasing. It s suggested, although the appficant is not

35  limited by this suggestion, that the read-range is 2 maximum at a short distance away
from the edge because of slight impedance effacts.



15approxi mately 50. The nmagnetic field [free space value 1/377 A/'m
scale runs fromO AAmto 0.25A/ mtherefore the magnetic field has
been enhanced by a factor in excess of 70. Various pl acenent
positions of a tag on a dielectric cavity are shown in Figure 19, in
whi ch the incident electric field is in the direction shown by arrow
1910, subst arwo el w20per pendi cul ar to the base porti ET/HEBO700AS ag
can be placed anywhere along Side 1, which is opposite the base
portion 1900, as shown at 1902, and can be read typically at a range
of 4mfor a 50nm wi de PETG core decoupl e It is noted that the tag
can also be folded around the open edge of the core as shown at 1904.

The tag can al so be positioned along Side 2 as shown at 1906 for
exanpl e. The el g i ' i.nc Y] I si de
oo vy {1 om t Reraefio hEUER 8 Blin a RCLERBETS R rhB 101Re

i ncrease in the 7eARS-NSYFIPRT the entirq ipnglhof the ergn pre: BanEe GESRRFEOTYIRIRFRY20.
In this case thdhalesicapberat bipeevaratberd ham et fokndwa behsome oinei tayatbeinditsh of

67mm The  maxidiRdaeate HROGR bOSHII wheRe B0 R didng it dags, adge
of the cavity amﬁﬁ%mﬁhgﬁm%Q%: Moving al ong the cavity fromthe base

portion towards e openend the electric field and therefore the
voltage is increasing and the magnetic field and the current are
decreasi ng - the&he npedancedragd hechisiarmeartnibe emé oighd ddge sddhegrestred,

al t hough the appbdaGamt obctrs®he SRJeb. Fhd B&litsBYis bilintebi dEBAE Is@BievddNabe t he
r ead-r ange i 5, a 1:ggsﬁgq“short dh%tan e away fromthe edge

max| mu
because of sf ght® PRsedaNcas PP INRY " My5°U507/ 144574PCT/ GB2007/ 002105
27

If the electric field is parallel to a line drawn directly from one antenna terminal to the
7 other, as shown in Figure 22b, then the voltage between the two terminals will be a

& maximum, and the read range will be correspondingly high. If the field is perpendicular fo

.15 theline, as shown in Figure 22a, then the two terminals will be at the same potential:
there will be no current flow batween them and the tag cannot be read (this assumes a
locally uniform electric field). At angles between perpendicular and parallel the decoupler
should function but at a reduced range. An experiment was conducted fo determine the

] relationship between read range and angle. The read-range achieved against the angle

- 20 of rotation is plotted in Figure 23, '

It can be sean that when the fleld is paralle! to the line between the terminals of the
antenna (80°) the read-range is 5m, when perpendicular to the field (0°) the read-range
is zera.

25
The variation in performance of the device with offset of a chip and loap from the edge of
the upper conducting plane will be described with reference to Figures 24 to 27.

The position of the coupling element, or loop, relative to the edge of the upper

30  conducting layer was varied from -1mm to +11mm as shown in Figure 24. The distance
between the reader antennas and the tag was kept constant whiist the power output of
the reader system was progressively reduced from the maximum (2Watts) until a
threshold value was reached below which the tag could not be read: the lower this
threshold value the hetter the tag is performing.

35



Considering the electric field strength along the open end (Side 1 of
Figure 19) this remains high along the entire length of the open end,
hence tags pl aced anywhere along that end can be read. However, there
has been found to be sonme mnor variation in the 5 nmaxi num read-range
that can be achi eved when the tag is noved along this edge, as

illustrated ivpo F]imtgﬁis% 21. The maxi num r ead-range i SPE’?J%?M%M%?

to the centre 0 € edge and the m ni num read-range occurs at
edges. The tag itself is asymretric and this is believed to be 10t he
source of the slight asymmetry in the results. If the electric field
is parallel to a line drawn directly frasnone antenna termnal to the
ot her, as shown in Figure 22b, then the voltaggJ bet ween the t

WO
termnals will Bltiag hatierinid PosfrderHerorRiade g ERosHRN fpsufipin @ graph that has
cor r espondi ngl yitdiwggat valug whire tibitagligheifemipe bgps rd mekd the grerh nMdBe initiys es  as
Sh?Wﬂt ' nl Fi ?Er €ha2f FevelsbP By EJb%aétiH@fn%ne@‘{%t&adh% ibcrumbitpat p&h@ﬁoﬁmader
potenti al : ere e curren ow be e
cannot be read g;(f”i{hﬁgﬁfﬁ@%p%mf‘éaéugl ]thﬁls rﬁsﬁ’!%f'h\rg%%gﬁ! é{:l rlhgﬂ%}w;él ﬁ?'m%?
angl es bet weén preargriastiatia vaere HAdrafrnedP s b¢she decoupl er shoul d
function but at a reduced range. An experinent was conducted to
det gr mne t heh_r %a%fje&i&nﬁésnem?@;tﬁlhw@tﬁ@vo&@g@@crgm%%@mi-_%ea,agmea abhe coupF]an
read-range achi eved again ngl e .. 0 ion. in
Figure 23. It cslﬁm%”é'sg'boé%dsﬂf'ﬁtgf ?O\Rﬁee%lg? ?féhefugpeﬁr 8J n?lﬁs&ﬁé\}%f"%%ﬂ%%ktkﬁi line
bet ween t he t er fiepied i8 whieh haeougling gment raotgved F PR FURGEH 8/ when
per pendi cul atu t eoltadecacfoseihe ci(iDio padh henfigeaidr wasngieuldted. iIngnipcas@Be Tveer
;/arl at Ih on Id n pe;nfcaeirma%@taeten{amgd @?&br@%er}éﬁok@ ué}gé‘rlsa%gaﬁdf@te@_alb&teandt Ihoop
romthe edge o e canduct i n n
reference to Fi§ 05@”93%’35 ée ‘?3‘?'99‘?‘?1'593 “%ée:osf ‘i'eonS”(\é!)M\‘tLEftﬁhg%ggeﬁ%ﬁéﬁpgglf%gnent ,
or | oop, rel ati Yéuahsd{geaseigacniideen Ee‘iﬁbé‘l‘m’wo&’&rﬂd’ﬂﬁf“?fl’f@’epg er was
vari ed from - 1mexdefiment tbnmake sonphiianm batweekihg twosiafddsts Thder dingdeasrols dpet ween
the reader antenpgs@pgdhe tag was kept constant whilst the power
out put of the reader systemwas progressively reduced fromthe
maxi mum (2Watts) until a threshold val ue was reached bel ow which the
tag coul d not béhs edltege actes theowkip inehpsss pititie PAGH @wdalreOTRETBEMNEE Hehe
tag i s perform mEpis dé&tPhlatd the gddebethé tppershaduding Gyerand erces a cedplm Ag

el enent positiongasWebchal hid O@RBastdAniaashib trandvRWe sdn ¥élsigaivdaese
the tag is perform_nl? i estt. Tof nar?re ‘t%]efci graﬁgeﬁ%géalérntw tive it has
been reverset® by BT ARG ¢ MG HeS Rt Rp RITIm out put power of
the reader system the threshold power value. This results in a graph
of "surplus powerplotWhhe RadtSde of the electric field on a plane perpendicular to the decoupler is
shown in Figure 26. The plot cleardy shows that the region of enhanced electric field
extends only a short distance beyond the open end of the decoupler cavity ¢.15mm from
25  <5mm to +10mm from the edge of the upper conductor.

For clarity the conducting layers have been show as a dotted line. Note that the scale in

Figure 26 runs from 20V/m (black) to 110V/m (white) and that the incident electric fleld

strength (wave amplitude) was 1V/m. This demonstrates that there is electric field
30  enhancement by a factor of 110 at the open edge of the cavity.

The loop used in this example is 22mm long and therefore extends approximately
10.5mm to each side of the chip (the chip is ¢.1mm square). Beyond +10.5mm the loop
no longer overlaps the edge of the upper metal layer where the field is highest therefore
35  further displacement of the loop away from the edge of the upper conducting plane



5its greatest value where the tag is perform ng best. Theoretical
nodel ling allows the voltage across the chip to be calculated as the
coupling elenent is noved relative to the edge of the upper
conductor. A series of nodels were created in which the coupling

el ement was noved from-8mmto +14nm and the peak 10vol t age across
the chip in eeeloreehd gurati on was cal cul ated. |n thi eceassvtdhaocponer
incident on the tag renai ned constant therefore a | arger voltage
indicates a better perform ng tag. The voltage val ues were scal ed
such that the nodell ed peak voltage valug had t he sanme nagni tude as

t he peak surplus power val ue neasured by experlnent to make

conpari son bet wggn séshﬁe E%Pto%r@gré%@éy ARG ti;gré%)%ethé &8lthd Scrés@he chip
15plotted in Fi (%e across the chip increases at it

i s noved away fgg%ﬁﬁﬁﬁ?%”?wgé TP the chip is directly above the

edge of the upper conducting | ayer and reaches a maxi mnum at +10mm
beyond whi ch it wieehcompaiediapbald he eddt S tHeahsw coudncig dhmh eff-estphavateat by

20exami ni ng tshe had & REGHhifim éria%e%f&ahﬁdt Ge fob &b RlALRGddhyBeampher .
A plot of the naggltu ctric field on a plane

per pendi cul ar td mﬂ@é%ﬂﬁwgfmwgﬁsﬁwhn in Figure 26. The plot

clearly shows that the region of enhanced electric field extends only
a short di st ancanhbmyastidaltrvde @reits eatthofoltiga ehdeciseiflatras t@\ehtpyingslehientim

from 25 -5thmt % rﬁ&vggmnﬁér%rtt%eupﬁg%nog&mﬁ Q\?eru-nﬁg'é ng%%jg’ff-QE Thé:QJltage

clarity the con

ctin ers have
that the scal% ff %F‘%‘?%%E“P’??H 20 Brﬁll %‘\W’ﬁm Bldﬁ%f?) th %SVTTBV‘ %Stf' RN Ori e)
and that the inef tﬂeﬁﬂhaeteé@ﬂqciﬂe figld eogt the pdsm gt We (URRY @lPBmPA $2D 8 STEERE
1V/im Thi s denomguteas. &e teR@dimbhie has Benthi® Glefd ot fektehiddd beyond -tmm so this

prediction cannot be veritied.

15 This behaviour demonstrates that the decoupler is acting as a device for ¢reating a
highly localised voltage which is then transferred to the chip via capacitive coupling
between the decoupler and the loop: the voltage across the chip and the surplus power
remain high whilst the portions of the loop adjacent to the chip are within the enhanced

_ field region. Outside of this region the potential gradient (electric field strength) is low

_ 20 hence the voltage across the chip Is low. This mechanism of operation is in accordance

with the properties discussed with reference to Figure 22, in which the loop is roatated
through 90° in the plane of the decoupler. This places the sections of loop fo either side
of the chip in regions of equal electrical potential resulting in a zero voltage across the
chip. Experiments have confirmed that in this orientation the tag cannot be read.

25
Considering now the thickness of the dieleclric resonant cavity, an experiment was
performed in which the thickness (denoted by t) of the decoupler core was varied
between 0.125mm and 3mm. The optimum cavity length for each core thickness was
determined by progressively reducing the cavity lenath and recording the read-range. in

30 all cases the core material was polyester and the metal layer was formed from aluminium

foll, The results are plotted in Figure 27.

As expected for all the decouplers the read-range hits a peak when the length of the

cavity is such that its resonant frequency matches that of the reader system. The peak
35 read-range is much greater for thicker cores than for thinner cores. This variation of

maximum read-rage with core thickness is more clearly shown in Figure 28. However, it



30enhancenment by a factor of 110 at the open edge of the cavity. The
| oop used in this exanple is 22nm | ong and therefore extends
approximately 10.5mm to each side of the chip (the chip is c.1lmm
square). Beyond +10.5nmm the | oop no | onger overlaps the edge of the
upper netal |ayer where the field is highest therefore 35 further

di spl acenent <Lpop away fromthe edge of the up d ng
pl ane 29 exaﬁi%éﬁﬁﬁéploop to a progressively weaker ??g gﬁgﬂggéfore
the voltage across the chip and the surplus power both decrease.

Wth the chip directly above the edge of the upper conductor (Ovm
off-set) the voltage 5has a | ocal mnim#A and the tag cannot be read.

The failure to read be due to the | tage being tog |low to active
the chip. The t# %F"é%\éﬂ"g%ﬁ@m'ﬁﬁgﬁe@ﬁ ge’rf’ﬁ%?h"?‘ﬁ@"@f)?ngﬁeeovgrﬁﬁ)uI drise
agai n as the cotfjkiasgofdhecnsmpenentsFaravaiier appichion thetearil kerpsulipblsapre
conducti ng | ayetnicknddaGhich @GR biRicRkirdad SRbe wHilb amaining g @wiibifeakdi®. away
rapidly between -2mm and -4mm which is due to the asymetric

di stribution of the enhanced electric field boog’t thei eﬁ&et og thfar
tuni ng pl ane %as SOSHINBEWERHA" 9 M5 Spqerric fsneipl anfile qbleRR PRI decouple
measur ement s werisolavert aresftes metstl eegpiredts oftheinwsotion ksstheneleliobhe eectianfot
be verified. 15 ishféfasiehan: edhbudtie)BRS i &Se hb ddcolighe betomesgd-ayer i S

acting as a devi f r ' i : |.L,sed vol tage which is
then transfer redjgffcg' tﬁ%%ﬁgﬁﬁ%ﬁé@i&g%gaﬁgﬁhgFi{e}g&%(gh%l i ng between the
decoupl er and the | oop: the voltage across the chip and the surplus
power renai niti ghe weitérstaveiénathpiesauplentenuisds atchesinhiays pendiefiagoratitarqupd thige
chip are within sidbecienrlirrerecdrd, abride ERGh@Nbe Ekeh ShetautiRingtahbised: &gé et he

tential di ent Lc fd | enee the s
potential gra lﬁlﬁlbedegﬁlulgﬁg @buﬁn&d@a@#ﬁ#o@kﬁ%@ﬁ%@m& &b%t%ai%% SHERfRs. I rie

vol t age across o [ ni.sm of operation.is .in
accor dance with ¥ Kes B‘frgﬂ‘@f‘)f‘f‘eéjéo ﬁs%bfs‘?é?fs\R?T‘W?“@‘PseaPB'H?f‘@EHP5’%3”&399 22,
i n which the | ogpdihg rasgirtuatadetartabs. ough 900 in the plane of the
decoupler. Thds places the sections of loop to either side of the

ccoupl er. i | er i Z
Vol Lage ncross. (R ERale B TEMLIR, pOUEIbL B kb8l e Bl

orientation the YY" JENFRIPUASE WRRIEM vIeP and RS PRITISRY 'HBWCHRE & PR ks
of the di el ect rireadreme ntditm baa savijy, lergth cbddper. iMmedetounias waerfiket ter dhefah

whi ch the thi cknfgSageenaitnding Jec@iblet BnIRCRUPhiIRTIOS Sid idiSansar | ed
bet ween 0. 12 and 3mm The optinumcavity |length for each core

t hi ckness was determ ned by progressively reducing the cavity | engt h
and recording t hge fod a@pﬂﬂrhrﬁ@@g thege decouplers is'in fact coated with a thin, insulating polyme
layer such that when two layers are arranged parallel together there is litlle or no direct

current flow between them. Each canfiguration Introduces different possible sources of
discontinuity, as illustrated by the lines of the figures,

25
It was found that the discontinuifies give rise to lower read-ranges with each disconfinuity
reducing the range by ¢.40% of the maximum value for a decoupler with a fruly
continuous conducting fayer. Therefore designs with two discontinuities tend to have
lower read ranges than designs with ong disconiinuity which in turn perform less well

30  than decouplers with no discontinuities. The only exception to this rule is Configuration 2
where poor electrical contact between the foil and the metal back plate is the likely cause
of the reduced read-range.

Figure 30 shows an embaodimant of a quarter wave decoupler arranged as a quadrant or
35 quarter ¢ircle. An advantage of this arrangement is that orientation dependency is
reduced.



30al |l cases the core material was polyester and the netal |ayer was
formed fromalumniumfoil. The results are plotted in Figure 27. As
expected for all the decouplers the read-range hits a peak when the
| ength of the cavity is such that its resonant frequency natches that
of the reader system The peak 35read-range is nuch greater for
t hi cker coresvefamsisas thinner cores. This variation @UIAGBX0TNN0S
read-rage with core thickness is nore clearly shown in Figure 28.
However, it 30 will be understood that there is a trade off between
t hi cker cores and the overall thickness of the conponent. For any
gi ven application there will be a suitabfe core thickness which
provi des sufficient read range while naintaining a | ow profile
device. 5Since the |lower |ayer of the decoupler is netal and the. -
b et ont o whdleR S ool iy GE B Erely B hidpagton sinefsion
enbodi nents of etike dasqusist i arraligsie thelnsidens eledtricditld vevtor. dis eciecaupeieotkf ged
as the | ower corRgdueiny®gid rayeaing zdrdwieh it rsaset diesides perpéraiculiecibees a
2-1ayer devige: J.h8. 4ipper conducting layer and the dielectric core.
10 The quarter-wavel ength decoupl er requires a continuous conducting
path around three sides of the dielectric core, hence care nust be
t aken when uti | instherample olfjiasicst 300ihe decouplecih mpdedroeatnipinetol! argl 4rfmaniPieldl as
the | ower | aye][ corl‘:u@%@d/@rdioﬁﬂlsttﬁﬁaﬂlélécﬁ"c_cﬁuitﬁCTQé”l&d;ccdﬁU[bieTrhﬁ@-a 0B Setol it 20f
tests were perfaqr ta as t he vari
TTustrated in orinre D3Rl o Ut 80 ool 08 o oo e
cases the colle Mgiuyer gre- \RWH sirajbkidess dgAef npypeoqdueips e%éffdé’ge‘éﬁ’fj?éﬁpes'
usi ng t he 915VHaA tsy/is trempedEhthe darep oithecstraiyit sdded asshewitie Fawed 30hhen
optim sed found to have a maxi numread-range of 6.0mfor a cavity
| engt h of 44mm _The decquplers were fixed to tal plate | er in
extent than the Ta%r(‘:"‘glﬂsbﬁ%g}e qa‘iﬁef ﬂé\:%t‘” ﬁsépra%?sé'Fel rﬁ(g‘{c?%'ﬂ OrgF 'p(? EééerpgaE -range.
20 The foi | ¥ used@PiminhilprRiering §e@ adreius aHIPBIPE tedag Was PREESHEHFEIW t h a
t hi n, insul atd ngopdieyaneste bégpand s nehiminabd-aherof §.%0 fduad/epssuaste rafusahged
paral | el togethegpyfhere is little or no direct current flow between
them Each configuration introduces different possible sources of
discontinuity, as illustrated by the lines of the figures. 25

A further embodiment is similar to that of Figure 30 but with the corner at which the two

straight sides meet truncated to produce a third straight side 27mm long at 45° to the

20  other two. The maximum read-range was found to be 8m which occurred for a radius of

120mm.

The azimuthal dependence of a quarter circle decoupler was then investigated. The
decoupler was rotated through 360° in a plane parallel to that of the reader antenna and

25  containing the incident electric field vector, The results are summarised in Figure 317 with
the electric field indicated by the block arrow, and the solid line on the decoupler

representing the long axis of the tag.

The read-range remains constant at 6m for all angles between 0° and 80° and between
30  180°and 270° This is to be expected as within these angular ranges the electric field
vector is always parallel to a line drawn radially from the comer closest to the tag such
that it lies across a metallic region and therefore is continually sampling the correct
resonant dimension. This enables efficient coupling to the resonant mode within the
decoupler core. The ranges 90°-180° and 270°-360° returned a read-range of zero as

35  the electric field vector is never parallel fo the resonant dimension within this range. Thus



It was found that the discontinuities give rise to | ower read-ranges
wi th each discontinuity reducing the range by c.40% of the maxi num
val ue for a decoupler with a truly continuous conducting | ayer.
Therefore designs with two discontinuities tend to have | ower read
ranges than designs with one discontinuity which in turn performless
wel | 30 than o ers with no discontinuities. The X Jon
to this rul e‘?%m%ﬁ? buratr on 2 where poor electrical (Bg{f)’ﬁpglc@%%er ween
the foil and the netal back plate is the |ikely cause of the reduced
r ead-r ange. Fi gure 30 shows an enbodi nent of a quarter wave

decoupl er arranged as a quadrant or 35quater circle. An advant age of
this arrangenent is that orientation dependency is reduced.

gi ven decoupl er NerfyerteaglesBeq g encsl "éﬁ”eﬁgP%‘idﬁ%e”%‘P‘? ?F‘ﬁ’l’qegrovﬁﬁ‘éﬁo eﬁ%
resonant di nensibeeai1sbh@dderoupl er is parallel to the incident
electric field vector. As the decoupler is rotated read-range falls
reachi ng zero en the resonant dinension is endi cular to

Kol ect 1 11 ol d o P R e ARG ae G eR a8 ol R Bo R siTeere e Mage
from al um ni Uin fusier artHelved cxrvatindiitanks, £@ thialiyatisedmiskaudblo ghage-dsslitihest in

di el ect ]rr ? eavr tiye upddt@artlF@RUPhdRELNG R Tas 8hddd By aieq:hcrrguwatzﬂs) xteadnf | nuouz
pi ece of foi an
e 055 10 the 1 ope i b BBl e o G g BB o Y a9
conduct or s exter‘i'ﬁ?“H@'erd’\‘/l@?g“l he edges. A tag |s arranged at the vertex
of the straight edges as shown in Figure 30 The radius of the quarter
circle was prognahsieusy Yrapddeeed thdbuisid edgebPhél@icaupidh ads bdie @B ElidWH A

val ue. Starting dfom,a bﬁﬂﬁth‘ﬂ% s o&&?@%}g%%ﬁ &9. 5&@% By %lﬁ%@'ré/a%' anCUt

down 15 fromthe "arcuate ound
to occur at a r 2OFURIOHFED ngrﬁ’“ ‘AaPﬁﬁ‘@rHﬁ‘@r‘e‘E’rﬁf’éﬁrﬂrﬁe’ﬁﬁdei eﬁegrwrﬂarmt 0
that of Figure 38cdptiin o 10 bardtieab6w fa efienationhividth theraiphii@dst of Bk géourgérdes

[nﬁgt 2}) rg{lﬁgﬁ ed m:)mes 5%%%&1&&%9;& o?ﬁqgﬁb@mwawas%wmam@%@émﬂé to
bccurred for " TEHIAE DR MRS rE " NHEERA® B AR S PN HE 8¢ or
ci rcl e decoupl ercovigige repedeciepseds the géantatbn depradedeciotigased: was r ot at ed
through 360 in a plane parallel to that of the reader antenna and

25cont ai ni ng t heyngd tgﬁﬂaceglor?ﬁ:le foh§ Trfa!:eedfﬁme\égc%h L pe?'{a'aﬁd Ju%ﬁt'd'a&éwrﬁ’a

summari sed in Frgrur | ectric A g Ldglﬁ aﬁt |
bl ock arrow, and*t1i@"®2grisdq 51“?1(35 '%?ﬁth? f8 oEEEms %’9 Z?b hFESSRITH G FHE®
| ong axi s of 28 hanatrggywheTilie streigll edgervfjge dasprpienwasgarads! torihe eactrie figld bt thal |
angl es between Qeainghgd@iaterdeha\@8ipler was rotated more than 45°.

A second, shorter slit {approximately 10mm long) was cut at the end of and
perpendicular to the first slit thus forming a T-shaped aperture in the upper part of the

25  cenducting layer (as shown as slit 2 in Figure 32b). With the tag wrapped around the
decoupter (ever the longer slit as per Fig 32a tag configuration) it could be rotated 360°
and the tag remained readable with only a few 'dead spots' observable.

It will be understood that the present invention has heen described abave purely by way
30  of example, and modification of detail can be made within the scope of the invention.

Each feature disclosed in the description, and (where appropriate) the claims and
drawings may be provided independently or in any appropriate combination.

35



30180 and 270. This is to be expected as within these angul ar ranges
the electric field vector is always parallel to a line drawn radially
fromthe corner closest to the tag such that it lies across a
netallic region and therefore is continually sanpling the correct
resonant di nension. This enables efficient coupling to the resonant
node within the decoupler core. The ranges 90480 and 270-360 returned
a read-range of zero as 35the electric field vector is never parallel
to the resonant dinmension within this range. Thus 32 the
quarter-circle geagma er exhibits orientation i ndependence between 0
and 900 and between 1800 and 270 Figure 32 shows a decoupl er which
agai n has an arcuate base portion connecting the Supper and | ower
conducting planes, but this time is semicircular in shape. Aslit is

cut in the uppelr, parin ekctidiach@RAUdihtiRHebAWR: chBprisiONhvity slit 1 in
Fi gure 32b), extending perpendicular fromthe centre of the straight

edge, appr S¥nsieahcheamprisys agqadycsag base gertiop sonpseedif st n | engt h.
10Wth the cg@&cwﬁgg@@aammc&moﬁ&ﬁ%@élae @Qg%é)ﬁlsi &%dﬁ’&ﬁ@%b er at

its centre (as shown in Figure 32a, he slit obscured at a
range of o“@Hmapﬁéewa@cwmtalgts@emﬂrt@m SPWeéﬁlPal’bﬁﬂﬂéh‘?Sé%ﬂlné]ﬂisp%f@
rotation in a plane parallel to that of the reader antenna) with the
exception of a 30 bathf dspoiwplereprording @rftlaim bheginglidlpctiqwagtiplds ght

edge of th%ng@&ggghﬁ{mg@Qnﬁgﬁ@&h@! to the electric field of the
i nci dent waves. As the disfance between the 15 decoupler and the

reader antenna was 'ﬂ&ﬁ%@&ﬁﬂx%&%nﬁ@?&ﬂﬂ%ﬁnﬁ@ﬁ&%ﬁxﬂyﬁht&ﬂﬁ&ﬂmg@ﬁctag
coul d be read decreased - the orientation dependency increased. Wth

the tag pl &&dapaceniguewsienst W@éroesfm%t%M@@@@ﬁyr@rﬁo%}ew@mce@ﬂ ar to
and with i tbﬁset}ﬁ'ftmnn@rhée@cgfsQ§eSw£\r&?en§Jh' in tﬁ@&el@@cﬁc hﬁ?em{aﬁgf QM 1‘33‘&1@61{ on of

Fig 29b) it could be read at several 20netres whe he stral ght edge
of the decalupkdicqymsy phengrdtien vt o the el ectric fleld but the read
range fell to zero if the decoupler was rotated nore than 45. A

second, shorter4sl it Thealspourkar pegoatiye odrm brgyreindbe ssaendondyraing pige of
and per pendigul,@h c&rﬁm’h lfsﬂsgtl?ﬁl htdd thditdie ta{%tﬂ% s, p(ﬁﬁ&p@%cﬁﬁeﬁ:t ure

in the upper part of con uctlng ayer (as's as slit 2 in
Fi gure 32b)1@aSWSt1wgaﬁéh€tlaggthpéihpé@tamﬁuﬁtdl&w ‘E‘?éboupl er (over the

| onger slit.-as per Fig 32a tag conflguratlgyg it could be rotated 360
and the tag, remii nedccdsgeiples agiordingivl laign Fwlhgreidedirlegpistmaterial is

observabl e. dlsposed within the cavity structure as a continuous layer adjacent the conducting base

portion which extends for substantially as long as the first conducting side wall.

6. The decoupler according to Claim 1 wherein a dielectric material is
disposed within the cavity structure and extends beyond the end of the first

conducting side wall.

7. The decoupler according to Claim I wherein the total thickness of the
decoupler is less than /10, or A/300 or A/1000.

8. The decoupler according to Claim | wherein the total thickness of the

decoupler is 1 mm or less, 2Zmm or less, or 500um or less, or 100um or less.

0. The decoupler according to Claim 1 wherein the length of the first

conducting layer is constant across its width,

10.  The decoupler according to Claim 1 wherein the length of the first



It will be understood that the present invention has been descri bed
above purely by way 30of exanple, and nodification of detail can be
made within the scope of the invention. Each feature disclosed in the
description, and (where appropriate) the clains and draw ngs may be
provi ded i ndependently or in any appropriate conbination. 33 CLAI M
1. An el ectromagnetic radiation decou Ler conprising a cavity
structure which conprises a conductlng base portion connected to a
first conducting side wall and a second conducting side wall, the
first conduglihighesidevivrl herdfdissaa@nd conducting side wal | belng
spaced apart and substantlally parall el . 2. The decoupl er

according to d@im ThvhedoahBr #cidflglE UldiG 1Rieedih ale fir& add seraeﬁced wi t hin
the cavity structure. 3. The decoupl er according |n11
wher ei n t heomRpFtyeE ssrrenlle aicheprdpeliog Rate POFS campHsh 3 W&Bﬁ‘?“ﬁ g%‘t

appr oxi mat gl;)%riAd/ 4 measured fromthe conducting base portion, mhere
kd is the wavelength, in the dielectric material, of EMradiation

at.the frequency of 18R@AE@ubRAadéording to Clairh.1 hkRR dacoupbeimsear di ng to
Claim 1 wherein the second conducting side maIF has a conthyous

| engt h neaélﬂeétﬂlcfl‘?%?ﬁaﬂsr@@@m&‘f‘?eﬁQhedﬁgéo%ﬁ“%%d%m?lksﬁo famp diglgdds 55
| ong as theylength of the first conducting side wall. 5. The
decoupl er according to Claim| wherein a dielectric material is

di sposed wi t hi nj4 he 18RVleddpkt htotditichio Taid 1CAANHEJDUBIBSCoRYBIhg AtiraGant
t he conducting base portion which extends for substantially as |ong

as the fir 98c eFHUBEIHG si de wal | . 6. The decoupl er according
to Claim1 wherein a dielectric naterial is disposed within the

cavity struct ur ¥ and'hedeemaier BepBing efdaignd veerqimEve erreere sgiuct i ng

side wal | . gyyctures aré arrddp@d %@Nmaﬁﬁnaﬁ?@é%qblﬁgti @irfeleat mqhewger ein the
total thickness of the decoupler ess than 2110, or 00 or

211000. 8. ThewdREABRE RéconhfbodifNe Itﬁrtﬁl@omgﬂisi\ﬂ@@%@oﬂd &ehrﬁy

total thickness of the decoupler is 1 mmaor |ess nm or | ess,
500ttm or [SE&®ure grhichromRyishs ajcgaducting base porjon sepmected g Athisd C%Péleﬁfff@. ng

to daiml sm@%ﬁlaﬂda@&lrhﬁc@%d&u@é mamaﬁ itheSthir@ St denehe v BIndifSurth
constant across its wd The decoupl er according to

Cl ai m 1 whepejugtingyadg ‘éﬁbb%nwafqﬁieﬁpﬁrt piack Sub%@*@ﬁhﬂﬁélﬁ?lﬁ@d Paies @ 5pides

across its dWI&hlﬂ: material dlspa's:lsd whiheh e bR @aﬁntﬁ&%ﬂgé Rlerb 6l é"’dnml&mg
wherein the first and second conductin | s and conducting

base porti daseawmpm of ghegfitslonyitniiBigane laylgp ﬂ%f’fcoﬁ@ﬁ‘:é% Base portion of the

second cavity structure.

16.  The decoupler according to Claim 15 wherein the first conducting side
wall is contintious with the third conducting side wall, and/or the second conducting

side wall is continuous with the fourth conducting side wall.

17. The decoupler according to Claim 15 wherein the length of the first
conducting side wall, as measured from the conducting base portion to its edge, is

different to the length of the third conducting side wall.

18.  The decoupler according to Claim 15 wherein the dielectric material

disposed within the first cavity structure is different to the second dielectric material.

19 The decoupler according to Claim 1 further comprising a second cavity
structure which comprises a conducting base portion connected to a third conducting

side wall and a fourth conducting side wall, the third conducting side wall and fourth



12. The decoupl er according to (aim1 having one or nore different
dielectric materials disposed between the two conducting side walls
to forma dielectric COM 13. The decoupl er according to Caim
1 the decoupl er conprising nore than one cavity structure. 14.
The decoupl er according to C aim 13 \r/Tvgsr ein two or nore cavity
structures are arranged to each maxi | y decouple at a different
frequency. 15. The decoupl er according to aiml further
conpri sing caldsaﬁfg@dieG@Mib%hﬁg%ﬁarcbu;ﬁur-tana\/gub@tlanmmﬁﬂaﬁﬁmareﬁpﬂaa sebhdg
base portion connected to a third conducting side wall and a fourth
conduct i ng &} fqarthegnducting side prafgcqmprige 2 eoeguas fyeveficrndking %ﬁfﬁfﬁﬁ
conduct i ng tizledSes\W@tde R IAGHIRAGRRCRRATde v dsiHR Sk apdiudd beywRa k] el
and having a second dielectric material disposed within the second

cavity st raed tif dicltreie spaferinhis 2lse Aigersed WHhip Asscsnd Ol sSHPChe fir st
cavity structure is also the conducting base portion of the second
cavity structured  The decopgler g¢rerdinecty tizy | Saehessinedirstandiidm 15
wher ei Nt hgofdub®is SRNPHBLLAGrSH ADnk&ldus laFeCARbhIOMS MUt thiigg ti r d
conducting side wall, and/or the second conducting side wall T1s
cont i nuous 2pRTEFF PG FHbTR¢Is Y RS oIEe 19ithRetWRetpYity structures tq gefinpike
decoupl er @g&RLHINRYYiReCl @l m 15 wherein the length of the first

conducting side wall, as neasured fromthe conducting base portion to
its edge, is dijferemhe §QolfI& dc&RGHE (PE1alh €8 LAEEH FORMMSGAdINE I 6e
wal | . 18. The decoupl er according to Caim 15 wherein the

di el ect ri c thrdercraricsip dgdgretibappaniue hofeconithesiirsicandithiyd comdupsingipide s
di fferent QL RGSRHU R/ HhEheshe! GndREifE bAL portion.  19. The decoupl er
according to Caim1l further conprising a second cavity structure
whi ch conprises;f CORGURLIDE: RERRIRPLIGIAM CORAEIE IR L ide Wil a
conducting side wall and a fourth conducting side wall, the third
conduct i ng fisst geviystmetaredomeihe secombsidovalbielta ssepnd cgutwructupedimysedhaced
apart and %&ﬁ%%ﬁ%%ﬁﬂe'fﬂst&%@lsltl‘ﬁl:tu}’@er ein the second and fourth

: I

conducting side walls conpri'se a continuous |ayer of conducting
material, the egges gf; de@cﬁlpfek- h&br o Oihd PRIGUGE sRSndiaudak ke
define an aperture between themand the dielectric material 1S also
di sposed wivtaHiih arprduséemnefaeayharyin sheragadustiag base portion pgikesmipatagetdupl er
according tg, Qn&'.o’ﬁh%?ur‘f‘ﬂ@ bid {JhérE‘iﬁ thd Je\%&uﬁi’él‘%cﬁdﬂé ané%%fépla&go Hede

wal | s conprise a continuous layer of conducting materia havfng an
aperture exXtrsrdidvgtizasds wrlt fradlthe condentivpperérceo the two cavity
structures to define the edges of the cavities. 21. The
decoupl er accor @#-ng- The cEraipar 2ecophies i Fain3 woardh tedntaap farspasingthe
two caviti i : : & Y1 by
conduct i ngefgft gnc\?/\&!ﬁ;fuﬁsgﬁégw%lggglﬁ 2@4 %’tﬂ H?&nﬁgg r‘o?nlse#t age%@?:o%%ﬁ%%% tJ“gcase
portion.  material fhat with& wecuptaesd teboasn therfgstteondlictingside whidped n t he
second sid . irst cavity structure forns the second side
wall of a ggﬁé\@lﬁgnggsgl@i?{%{; structure disposed to the side of the first
cavity structur ) ; i t R
wherein the secgsn'd crl(ﬂ)}hc 58@#%@%&%%/%@5@52%&%%%@tﬁljcfzétgllngnagls sgur?l’ %Q(I: the
wher ei n t hdirgenivctingryderaa bfrqo thei condurtikgesi fe@rroaptisagiondhon here spwelsict i ng
surface and wherein the decoupler includes a neans for spacing the
first conducti ngé.si dehencdupler@nsardieg orldncil whersiothiclereth of the first 24,
The decoupl di ' ' f ' t he
first conadgtt REEEN Pl labobt ey o R EL A AR o inc PRy
one | ayer oftedledlopettiérnc material that will, in use, be |ocated
between the first conducting side wall and conducting surface.

25. The decoupl &/. act dicouplerac@rdingtXGainhbrvdierein the coeding kase spaci ng
the first i ide wall fromthe conducting surface conprises
one or mrg)%gt%gggé%@.geds' 26. The decoupl er according to Claim?23



27. The decoupl er according to Claim1, wherein the conducting base
portion is curved. 36 28. The decoupl er according to Caim
27, wherein the first conducting side wall forns a segnent of a
circle and wherein the base portion is connected to the

circunferential edge of said segnent. 29. The decoupl er
according to Caim28, wherein the fiBét conducting side wall forms a
90 degree quadrant 30. The decoupl er according to C aim 29,

wherein a vertex, of .said quadrant..i uncat ed. . 31. The..
decoupl er accorffi ng @8 d&?‘%l’ %?ldeZ? Eé[aﬁn g’i‘ﬁmfclmr%lfs figsh e é&‘%t%“ﬁg‘d& de
wal | is semalliftréidladtgment of a cird3and Mierethe the bpdegortandocainaged o td ai m 31,

wherein a slit tjs grogﬁi}pdeid _idn said first conducting side wall.
33. The de&BEHIMEENUR £88°H TE 9P m 32 wherein said slit extends

radi al |y outwar fromthe centre. of e dianet er . of. sai em circle.
S The a”decoutter DEdbtplG s Rikip a2 IRLA o8 g BT s

per pendi culvatllfymdsnomdefree dizrmt er of said semicircle. 35. A
substantially surface i ndependent EMtag conprising an EMtag nounted
on a decoupl er a% clEieniecbupter atcaidinglto Claim 29, wB&einEherttagf asl qidianted
in Caim35 wherein the EMtag is nounted in the vicinity of the edge
of the fi réstt%ﬁtaillcti ng side wall . 37. The tag as claimed in

Claim 35 wherein, the tag is,located J t . partly. .on t
conducting oi de ke 1 aRepiiie B2 o Ripint AR B8l el bt e
of the fir stalldosghicitdutng si de wal | opposite the conducting base
portion. 38. The tag as clainmed in Claim37 conprising a

spacer between ghe EMetdagowmil atdoedicke@diipilved 1, mhtremi adlit is provided i89aid The

tag as claiyred ip Cai.m 38 wherein the total gap between the netal
part of thﬁl@f’?@ﬁn%ﬁgg‘ﬁgl'decoupl er isin the range of from 100 to

1000 mcrons, ot,in the range from175.t.0 Om crq .or 0 00
i crons.  or 300 Fo 600 e acormg Ul ST Eh I siecito b
Cl ai m 35 whetveirds firdie tHeNkfitagofitse dimoeated saidsesrircld7 or within the open
end of the cavity structure.

34,  The A decoupler according to Claim 33 wherein said slit extends

perpendicularly from the diameter of said semicircle.

35. A substantially surface independent EM tag comprising an EM tag

mounted on a decoupler as claimed in claim I.

36.  The tag as claimed in Claim 35 wherein the EM tag is mounted in the

vicinity of the edge of the first conducting side wall.

37.  The tag as claimed in Claim 35 wherein the tag is located, at least partly,
on the first conducting side wall so that the tag antenna is located at the edge of the

first conducting side wall opposite the conducting base portion.

38.  The tag as claimed in Claim 37 comprising a spacer between the EM

tag and the decoupler material.

39.  The tag as claimed in Claim 38 wherein the total gap between the metal
part of the EM tag and the decoupler is in the range of from 100 to 1000 microns, or

in the range from 175 to 800microns, or 300 to 800 microns, or 300 to 600 microns.

40.  The tag as claimed in Claim 35 wherein the EM tag is located across



41. The tag as clainmed in Claim40 wherein the EMtag is at |east

partly enbedded or located within the dielectric material. 42.
The tag as clainmed in Caim35 wherein the EMtag and decoupl er are
be in part covered or envel oped by a protective housing. 43.

The tag as clained in Caim42 wherein the housing is a nonconducting
materi al deposited on the surface of tshe EMtag and the decoupl er.

44, The tag as clainmed in Caim35 wherein the EMtag is a |low Qtag
having a small, untuned antenna. 45. The use of a decoupler as
cl ai med i noawithi@ltkd onet ead ofthpoavity struptuzen RF t ag. 46. The use
of a decoupler as clainmed in Caiml wth alow QRF tag to enable
useful read ranges. The tag as cimedineCleisctflphasein e KYldegvs 2t Wb peill a

resonant die{%‘b@cﬁfeﬁbf o%@!& Gint nsthgﬁ’lele@@glﬁ%r en first and second

substantially para con ucting si S, said resonant

dielectric caviiy befdaflaseflodh QR PA0FuY ddivGANINCEL cg}x%Ie‘Pase

portion wherein the condlucting base portion is connect ed
bet ween saiatt Ueiip prt gongrasicn gneklepeddywalrdtsctivahdusim@r ei n an el ectronic
device | ocated adjacent to an open edge of said resonant dielectric
cavity, said el &bt rohiedagiealaimed i Glgin eswbasingke hoysiag ised wot r i c field.

48. The de%QﬁH&k@x{f 1%81‘?%‘31%?&3&@019:}1%%{1%% of MAGHR ¢ én%itﬂ Gé&0pen

di el ectric cavi t o enhance an 1 nci dent ectr C fleld at

an open edge of §a' dﬂﬁaati(% £s)’cla1§19&’m%§ﬂ1’?3fi‘wﬁé}blﬂ tﬁé ﬁglttﬁ @'aQO\g @/ffage i's

| ocat ed at Ieast partiallTy 1n a region of enhance ectri reld at
sai d open deyeg a small, untuggd affpimnadecoupl er according to O ai m 48,
wherein at |east part of said electronic device is |located within
5min, | Om or 26hm fFhsmsant pgeeupldyes cfimsdingenydvipiy ] as a mount f§0an Rife
decoupl er ording to Claim47, wherein said open edge is
substantia??% opposite said conducting base portion. 38 51.

The decoupl er aggor dhfag;sk Qfgi&bﬂaléﬁ’s MRRLEh TISR O h 85 Qrﬂfﬁtagﬁav' ce

is an RF1D devi ce. ecoup er according to Clalm
wher ei n saictiabdt eseful oendgantisei ce has no el ectrical contact with sald

first or second side walls.
47.  The decoupler of Claim 1 wherein a resonant dielectric cavity is defined

between first and second substantially parallel conducting side walls, said resonant
dielectric cavity being closed at one edge by the conducting base portion wherein the
c:onducting base portion is electrically connected between said first and second side
walls, and wherein an electronic device located adjacent to an open edge of said

resonant dielectric cavity, said electronic device being responsive to an electric field.

48.  The decoupler according to Claim 47, wherein said resonant dielectric
cavity is adapted to enhance an incident electric field at an open edge of said cavity,
and wherein said electronic device is located at least partiaily in a region of enhanced

electric field at said open edge.

49.  The decoupler according to Claim 48, wherein at least part of said
electronic device is located within 5mm, 10mm or 20mm from an open edge of said

cavity.

50. The decoupler according to Claim 47, wherein said open edge is

substantially opposite said conducting base portion.
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51.  The decoupler according to Claim 47, wherein said electronic device is an
RFID device.
52. The decoupler according to Claim 47, wherein said electronic device has

no electrical contact with said first or second side walls.



