10

15

20

WD 2005/ 029698 PCT/ US2004/ 029929 1 SAW | DENTI FI CATI ON
TAG DI SCRI M NATI ON METHODS 5 CROSS- REFERENCE TO

WEeEBLATERIAPPLI CATI ON Thi s application clai ns tReT/US2004/029929

benefit of U S. Provisional Application Serial No.

60/ 503, 136, filed on Septenber 15, 2003, and entitled
"Proposal for a Low Cost 10 RFID Tag," commonly
assigned with the present invention and incorporated
herein by reference. TECHNI CAL FI ELD OF THE | NVENTI ON
15 The present invention is directed, in general, to
surface acoustic wave (SAW identification tag

di scrim nation methods and, nore specifically, to an

i ntegrated systemfor isolating an response signa
from surface acoustic wave radi o frequency
identification tags 20 and identifying the

i nformati on encoded on such tags. BACKGROUND COF THE

I NVENTI ON To address and overcone i nherent existing
l[imtations in prior art radio frequency
identification (RFID) tags WO 2005/ 029698

PCT/ US2004/ 029929 -2 with respect to cost, data
capacity and reliable range, a new technol ogy
utilizing SAWdevices as identification tags has been
devel oped. SAWtags are described in detail in U S

Pat ent Application Serial No. 10/024,624, entitled
SAW IDENTIFICATION TAG DISCRIMINATION METHODS

CROSS-REFERENCE TO RELATED APPLICATION

This application «c¢laims the ©benefit of U.S.
Provisional Application Serial No. 60/503,136, filed on
September 15, 2003, and entitled "Proposal for a Low Cost
RFID Tag,” commonly assigned with the present invention and

incorporated herein by reference.

TECHNICAL FIELD OF THE INVENTION

The present invention is directed, in general, to
surface acoustic wave (SAW) identification tag
discrimination methods and, more specifically, to an
integrated system for isolating an response signal from
surface acoustic wave radio frequency identification tags

and identifying the information encoded on such tags.

BACKGROUND OF THE INVENTION
To address and overcome inherent existing limitations

in prior art radio frequency identification (RFID) tags
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assigned with the invention and incorporated herein,
by reference. The principles used to encode data on
SAWt ags involving 10 sinultaneous phase and tine
shift nodul ation are described in detail in US.

Pat ent Application Serial No. 10/062,833, entitled
"Modul ation by Phase and Tlne Shlft Keylng and Met hod

t he Same %
cVGrﬁL-ftS)rilf REST g‘ﬁ%dcaﬁh ﬁEa| ﬁ@BﬁFFBX aﬁé rﬁ&&ﬁ&&@afféalgef a
1r5evh&fe&:ll'ﬁldl)bgyhh$:1ﬂquﬁﬁ'@'®ﬁw d&eipesned pl@miisetbdtdion tags

R 327 G ENOB Sl 1Mo GRS biidee SRACE HESeRP detail in

nod) abkeanar @piﬁﬁfddtbﬂh serﬂgnalﬁo i n1d)/&24Pabent entitled
Ap lication Serial No. 10/062,894, .entitled

&HiS o%c%‘grs“eb%Wﬁ‘éﬁ K/F}F?Fléaf:%lﬁ@r T@oﬁﬁ"xﬁnﬂh Epgranced
SHaad t apeeestPhasg and-Hbde IH fbpéextmgnangn&/étm&ﬂgcture

Usi ng the Sanme," Hartmann, dinton S., also comon
WHA TFRNE nVeh G dho IGRIBRIGIDNALRE Isied rWlﬁf)h the

rﬁ{\%m RALH 11100} RRGHIeN e -BE AT %I 0P FE€08REENT  The
SAW identificatjion tags and SAWidentiTication tag

Rt Ples omsest  for t anredeetdaiia | RN, SAVPItagE Nevolving

6; 1108, BRI s dd | sk "HReades, far ﬁbdﬂﬁgtﬂdﬁ(gfgﬂdégkrlbed
Capacity Saw ldentification Tag and Method of Use

THedea 1l Hay Uminn Pateptnbppl Scat bgai $eebwhoin y 10/062, 833,
assd gedy WeiBah g i BUe Hy ophafd shACcAr PR agRfrhekeiNng and

by reference.
Method of Using the Same,” Hartmann, Clinton S., also

commonly assigned with the invention and incorporated
herein by this reference. The principles used to encode
data by combining multi-pulse per group modulation with
simultaneous phase and time shift modulation are described
in detail in U.S. Patent Application Serial No. 10/062,894,
entitled “Modulation by Combined Multi-pulse per Group with
Simultaneous Phase and Time Shift Keying and Method of
Using the Same,” Hartmann, Clinton S., also commonly
assigned with the invention and incorporated herein by
reference. Additional pertinent information regarding SAW
identification tags and SAW identification tag readers is
set forth in detail in U.S. Patent No. 6,708,881B1,
entitled “Reader for a High Information Capacity Saw
Identification Tag and Method of Use Thereof,” Hartmann,
Clinton S., again commonly assigned with the invention and
incorporated herein by reference.

An interrogated RFID tag reflects or retransmits a
radio signal in response to an interrogation signal. The
returned or reply signal contains data that, when decoded,

identifies the tag and any object with which the tag is
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decoded, identifies the tag and any object w th which
the tag is WO 2005/ 029698 PCT/ US2004/ 029929 -3

associ ated. A SAWdevice used as an identification tag
can be encoded with a | arge anmount of data. Wen
encoded with 64 or 96 bits of data, in accordance
vvith certain electronic prodact code (EPC)

ecifi I able 5 system an rocedure

RS SR T s S teaySefvar oh e for Tag can
r]@ammmﬂed:waqﬂera |l)an§é1%(mcﬁlrﬁ£td@%al:aieVIm aMddded with

0 be i inth ewronrrent ere. RFID t g are

és“"Zol Ofh S%fa’iss Fandih it ed W AeeF Boes s egertain
aéidsctﬁmidnepﬂocﬂﬁd:tubbyiel n(Elet) egfpé@lfﬁé@@b il%ﬁ@ te akliable
10 interrogati on pul se. The probl.em can be
R SE GO T IR s 2 ot G10ar A g B |EagdErom a
ndAreedn @ iﬂﬂﬁﬂ@dﬁréﬁﬂﬂWEMédhéﬂéiy(BMhéﬁ“éﬂéttronlc devices

tification ta Added to the fact that a |arg
”Usr{;]e 21540 iRfenid f %;eatﬁrbrp}eageéwalrré’%q}r MW%Q}H&? §aﬂ§’ are

sd@Sponse digradl d e Hgiatd < BHlERsd MR IMvices adds
probab are_other radio frequency signals present.

ex&fpl ed1AELISANY dentt f | GaticoH 18y sySPRRTESEd iFP  an
@_ﬂ@éﬁ&@ﬁﬁ_&{ pElepping facility will most likely be

operated in an environment where a wrel ess | ocal

areatﬂﬁ%mﬁ???%ﬁ@®c?% be best understood in the context of
a user that has a large number of objects, each with its
own unique identification tag. Added to the fact that a
large number of identification tags are returning signals
in response to an interrogation pulse, there most probably
are other radio frequency signals present. For example, a
SAW identification tag system used in a warehouse or
shipping facility will most likely be operated in an
environment where a wireless local area network (LAN) is
also in operation. To identify a specific object among a
large number of objects, an interrogation signal will be
transmitted that will simultaneously generate a response
from each SAW tag on each object. Not only must the SAW
tag reader be able to identify the signals being returned
from the SAW identification tags, it must also assure that
its interrogation signal and the responses to such signal
do not interfere with the wireless LAN. In addition, the
SAW tag reader must also be able to cope with any signal
interference caused by the wireless LAN. Thus, it is
important for SAW tags to be encoded in a manner that
permits tags to be readily distinguished from each other.
It is equally as important that the SAW tag reader be able

to discriminate SAW tag responses from other electronic
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generate a response fromeach SAWtag on each object.
Not only nust the SAW tag reader be able to identify
the signals being returned 25 fromthe SAW
identification tags, it must also assure that its
interrogation signal and the responses to such signa
do not interfere with the wiré&lfess LAN. In addi ti on,
t he Wta ader_.nust, al so be_abl 0.cope.W.th_ an
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SAWiley SEmdetgdeableadil ikse rdin tiaie iSAWE ag Methods are
r onses .from ot her .el ectroni ¢ W) 2005/ 02969
USIOBI7 820828 THIE] Ghf AN ah@leﬁé?l%?bh%sgﬁﬂoﬁyﬁ’f@m to
Sﬁiyéh fﬂ@mtiﬁimtémhﬁcggnews&m&daidtﬂdﬁ Qﬁfgigﬁs/\/iatdﬂ’é prdesent .
r devices.  Metho re_ needed to encode and.rea
SFHotR  SEE: RAFOL HESatn FiTIatBoTTBH. t WBS SAAPEAGEOBaRT SAW
redstht Y£ beatth S i ngid SBodrcht hods Ar ashnalrsorngededodé® not
permt_a SAWidentification tag systemto operate in

TR SR nEht R VAR AREECeF gnal s are present.

Vet hodsc @b £d BhaDy Neaeed ihatesdn in the opal Ardméhods to
SAW identifjication tgg%systena in a manner that does

RRSTIIE ePPEr 457 t B ot Mr igefitddscation tag system in an

environment with other signal generating electronic devices
and still reliably discriminate between multiple SAW tag

responses.
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10 Accordingly, what is needed in the art are nethods
to operate and use a SAWidentification tag systemin

wanoosawisg onment with ot her signal generating PCT/US2004/029929

el ectronic devices and still reliably discrimnate
between multiple SAWtag responses. WO 2005/029698 -5
SUWMMARY OF THE | NVENTI ON PCT/ US2004/ 029929 To address
the above-discussed deficiencies of the prior art,
the present invention provi dgg SAWS identification
tag discrimnation nmethods including, in one

enbodi nent (1) detﬁﬁhh i |_emanating from an

el ectroni c device opergﬁ ﬁogﬁs\&g{kﬂljim’fl‘gm ag frequency
band; (2) identifying a null period in a transni ssnt_on

attern in.the signal; _and ( effecting conmuni cation

gf 16[nol nﬁgfiﬁﬁFﬁo%q?ﬁJr?ﬁﬁv?hglﬁﬁ}lﬁsﬁgri 1CHRIG1G§heot the
preisent iawenti oth@r ovpdeseat et hadeheh onoOPebaliNged  saw

L dentificati t t, .nN_an environnment where
St i % 8 P8R R RPE R SpageF Roapr helugAg. in one

einfdvelindre t r@ns ;ﬁcfsﬁj'fefﬁ“tiﬁgdséw is‘ltg@farlog%trﬂag%r’]cﬂlﬂgsesfﬂn an
cei pt e ect e responses 0O S
Feﬁfeé:?tsrroord'g‘fqegﬁevgﬁfe;é@?efﬁ@ﬂﬁ e&’gﬁl‘lii’lmﬁenﬁwn 5% 0 frequency

e ;t s (eper it £ nd he SgaEl epd A Jyrent;, as Q%J%%rsmission
el ectronic devices, without intérfering with t e ‘
§6§%§FFbﬁubft cPL Rt cednd Fhp) effecting communication of

information during the null period.

Thus, the present invention provides a method for
operating a SAW identification tag system in an environment
where other signals are present which may interfere with
either the transmission of SAW interrogation pulses or the
receipt of reflected responses to such interrogation
pulses. The present invention also permits operation in
the same environment as other electronic devices, without
interfering with the operation of such devices. For
example, if a SAW identification tag system is used in a
grocery store with an automatic door opening system
operating within the ISM frequency range, the methods
described herein permit the SAW tag system to detect the
signals transmitted by the door opening system and adjust
its operation to overcome any interference caused by the
door opening system. By the same token, the SAW tag
identification system can be operated in the grocery store
without causing repeated opening and closing of the doors.

In one embodiment the null period is a frequency null
and in another the null period is a time null. When the SAW
identification tag system detects conflicting signals, it
can communicate during a time null period when the

conflicting signal is not present, or, if a frequency null
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met hods described herein permt the SAWtag systemto
detect the signals transmtted by the door opening
system and adjust its operation to overcone any

i nterference caused by the 25 door openi ng system By
the same token, the SAWtag identification system can
be operated in the grocery stBFe without causi ng
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30 id tlflcat ta st em det s conflictin

si gnal$5°315%¢4 n'bl?ﬁrgﬂrﬂ‘ t@rﬂ?ﬁ'loré&%?:’trf%@% It%é?Hed?Pte in
when pf&eﬁ@@fbebtﬁérSdgﬁ@EeBSaﬂdt npEesefterfefne With such

f uency null WD 2005/ 029698 PCT/USZOO4/029929 6 is
o‘i? g]ccfeésd' the s§&CERFEan MEDtC orftuni E4€i opnvention  a

fFEIHIenEY] # O 10Rer Bdwe BN s tRQ EC ofbt | edmth il RAUSRCYSAW tag
Bec use of the inportance of being able to operate in

PrReHEe ¢f FFeYIdRYi ceslRn@lRSteint @ppedengnEy short
Siihﬁ‘athsrﬁl SeNDIE BSurd s ahed heke @ nhodi bty ef cdheon .

invention a relatively | ow power setting for
commurtRithsiy SARPEEEEE neHr HRE | éﬁvﬁ§tb96vpééﬁldﬁﬁ for the

anot her denbodi Rt onShordg t 53888RSSIRN bééﬁﬁﬁnﬁﬁgte data
used for conmuni cation. ot her enbodi nent of
| IRASED qﬁpqﬁ(ﬁgQgQ;QQquqrwgth at least one other electronlc
device emanating a signal within the SAW tag frequency
band. In one embodiment, the communication is synchronized
based on time while in another it is synchronized based on
frequency.

Still another embodiment of the invention provides for
a SAW identification tag with at least two SAW tag
identification number reflector groups located on its
substrate. Also located on the substrate is a first error-
checking reflector group dependent upon data contained in
one of the at least two tag identification number reflector
groups. A second error-checking reflector group is also
located on the substrate and is dependent upon data
contained in at least a remaining one of the at least two
tag identification number reflector groups. Still a third
error-checking zreflector group on the substrate 1is
dependent upon data contained in the at least the remaining
one tag identification number reflector group and the
second error-checking reflector group. Yet another
embodiment of the SAW identification tag has a
synchronizing reflector group on the substrate.

In a variation of the above, another embodiment of the

invention provides for a SAW identification tag that has at
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tag frequency band. In one enbodi nent, the

comuni cation is synchroni zed based on tinme while in

another it is synchroni zed based on 15 frequency.

Still another enbodi nent of the invention provides for

a SAWidentification tag with_at | east two SAWtag

i dentification nunmber reflecfdr gr oups Iocatedfon its
bstrate. (Al so.located on the substra is a first

SH P 5% Sk G F o eeE P gRBTHS B etk Oty darkpoated

comtai ek i et eorvel taf aiﬁinﬁtlaﬁzﬂridMédkﬂ%g refliftor group

identification nunber reflector roups. secon
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sidbestir Bff scanicbn sugeRendefl sdpor dabap . COorhad netbddi dnt has

| east a_r.emai ni ng ongkof the at least two 25 ta

[

|
HeREFPPEat Tom NUMRr <129 | EE£IPGPEupETOR | Hoguad rgn the
esulestacdtee kilnge r 26 | @epondgnouppon 88easubatbahed Sn the at

ependent upon.data,contained In the at_|east the

AN SRE 44BPRARLEALdRtY BHTAERDEF TLeCEor GToup and the

rief4@ctorgsougensk 1he secvadesr ogreigcki narehleecteibodiment
oup. Yet anqt her__30enbodi nent of t heSAW

iHeht iF9catiBht agiths ERFHGHEHHIANg bt | && orlfoupave @

ayidterSubstiqtes flde oy aftdlp Oh fhd hashovses e anot her
enbodi ment of _the invention_ provides for a SAW

i dent it cattbh PRQUIRE SmROGHMSAS 2005Lh2o6gvention a SAW
RACIASA0OH 0239 2% g has a first reflector group located on

a substrate with reflectors that have substantially similar
first reflection characteristics. A second group of
reflectors located on the substrate has substantially
similar second reflection characteristics. In another
embodiment, the first reflection characteristics and the
second reflection characteristics are substantially
similar.

The foregoing has outlined, rather broadly, preferred
and alternative features of the present invention so that
those skilled in the art may better understand the detailed
description of the invention that follows. Additional
features of the invention will be described hereinafter
that form the subject of the claims of the invention.
Those skilled in the art should appreciate that they can
readily wuse the disclosed conception and specific
embodiment as a basis for designing or modifying other
structures for carrying out the same purposes of the
present invention. Those skilled in the art should also
realize that such equivalent constructions do not depart
from the spirit and scope of the invention in its broadest

form.
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at | east one tag identification nunber reflector

group. This enbodi nent has 5 a second error-checking
reflector group located on the substrate that is
dependent upon data contained in the at |east one tag

i dentification nunber reflector group and the first
error-checking refl ector groh%‘ Anot her enbodi nent

Synchroni 2i g Vard asRGELAR OF il SRAPIR° T,

still another enbodi nent of the invention a SAW

i dentification Lag ha first reflector group | ocat ed
on a srjubgt rrg? i %mﬁle%%ct“m%elf%anﬂd% the present

suwgmanbmallweﬁanénﬁe figst noRf | @elieON to  the following
roup of 15 reflectors

r rnistics. A second
%%a?igf% S he 5EBstirht EORANTSHBSPant i | Fhesi AFFampanying
deawndgsefhacWhﬂﬁhcharacterlstlcs | n anot her
enbodbnggﬁ g reflectlon characteristics and
the 3&CHRE 6ﬁ LeRarachlr tagi 8§ hhe type used as an
RHE@taaglally srnrlar. 20 The foregoi ng has outlined,

rathe% g@%%d referred and alternative features of
the pfé& PnventiSit 46 S MatSAH hidentkiitakion tae system

aptraaynbet hedn Ungelsdanshit Rhdet 3 M@@el@%%cﬁhﬂt58?18E and

the.invention that follows. Additional features
PhELCROURY T oV SR 13T % & ShEIa 5 It Treceiengtiesr within the same

ISM frequency range of the SAW tag system;

FIGURE 3 illustrates a representative embodiment of a
SAW tag showing the layout of a SAW tag platform with
groups of reflector locations on the substrate;

FIGURE 4 dillustrates a SAW tag platform using a
"nested” error check protocol; and

FIGURE 5 illustrates a SAW tag substrate with multiple

reflector groups having multiple reflectors in each group.
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and specific enbodinent as a basis for designing or
nodi fying other structures for carrying out the sane
pur poses of the 30 present invention. Those skilled in
the art should also realize that such equival ent
constructions do not depart fromthe spirit and scope
of the invention in its broaddst form WD 2005/ 029698
PCT/ US2004/ 029929 -8 BRI EF DESCRI PTI ON OF THE DRAW NGS
or a nore conplete ﬁﬁﬂﬁ%ﬁ%ﬁuﬂqﬂfﬁﬁpqxﬁNpresent

invention, reference is now nmade to the following 5
description taken jn conjunction with the acconpanyi ng

dr awi g3t ST Rghi k- L FHARE A FIGURE rlat el i sbamtagy 1ot & SAW

they type dseghasctpPe RELD aggaan@éBEt%lg@.l | usld at18%1* rated
SAW i dentification t&f system 10 o€era ing in an

STRIGHMRM: RisFCes WorePes8afaN dRyveRRa ahep tgat transmits

M CFOUBY £ OUBNAEY REG! ARG IIRAURHEI SHMI Mot heThe rp
sane | SM frequency range of thé SAWtag system
HigrE 319 1igstneqedyesd Pepprasentarnael bpbeodi Hemttas 100 and
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substrate 130 so that it produces an initial acoustic pulse
140. As the initial acoustic pulse 140 moves down the
surface 135 of the substrate 130, it encounters reflectors
150 located thereon, causing a reflection of a portion of
the initial acoustic pulse 140. This reflected pulse is
herein called a response acoustic pulse 160.

A feature of the illustrated embodiment is that a
plurality of reflectors 150 are arranged on the substrate
130 according to time and phase position to yield a
plurality of response acoustic pulses 160. When the
transducer 120 receives these response acoustic pulses 160,
an RF response signal 170 is generated that is transmitted
through the antenna 115 to be detected by a reader antenna
105. The SAW tag reader (not illustrated) then determines
the identifier in view of predefined time, phase and
amplitude parameters detected in the response acoustic
pulses 160.

RFID tags, including SAW tags 100, operate within the
industrial, scientific and medical (ISM) frequency band. In
the United States, this band is 80 MHz wide with a range of
2.40 to 2.483 GHz. Because this band is used for other
applications, principally wireless local area networks
(LANs) and Bluetooth™ wireless transceivers, SAW tags must
be designed to operate in the presence of, and not unduly

interfere with, these applications. Although SAW tags 100
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illustrates a SAWtag substrate with multiple
reflector groups having multiple reflectors in each
group. WD 2005/ 029698 PCT/ US2004/ 029929 -9 DETAI LED
DESCRI PTION Referring initially to Fl GURE 1,
illustrated is a SAW tag 100 of the type used as an
RFID tag. The illustrated 5 erfbodi ment provides for a

r eader t enna 5 that transnmts radi o_frequenc

(s G, RRRd 07 CParate 1ot Ren Ot et aH Gy band,
receh \eatl 4ny vy aft andwldbhonsihec gy 1600, atemexXcides will
a transducer 120 | ocat ed on,ﬂwfiezoele tric éub trate
TBPRY T hatF t CPP odRTER Q' H it ol @ JEbEeY i Rapersetho

140. Aseddhesé nEhivakageousto il se=ddOnbDyessdaWilthen the
surface 135 of the substrate 130, it encounters

AT RO S ORBIT Rt Fd T heérRon, C R 18 rdqeritineh using

ofha Ponéi 0AMOErefientRi bhal, acBestHossAWisa tIAGE Hieyuency
reflected pulse is herein called a response acoustic
;ﬁﬁ%ﬁ?ﬁ%ﬁFHQ% ASt BAESFBLof IREHAR A r it ebREnBEY femd thus

igidthated tRAYr BhIt Y286 16Dl 8AHOBAWL PR AR ALRANARI M e to
the substrate 130 according to time and phase

PORFEF o - Rieian §nv|élr9P§‘Ie%ttyWBf3rPe35@%ﬁ§ eheBEStEists. It
Pk ses 1160, Wﬂ?BrEEﬁt trangducenel20pe62t Vs these a  saw
rfﬁgﬁ{fgigggfgnlCtgg|S%§S%2% not interfere with other
applications in the ISM band.

Turning now to FIGURE 2, illustrated is a SAW
identification tag system 200 operating in an environment
where a wireless LAN device 210 and a microwave oven 215
are operating within the same ISM frequency range.
Coupled to the SAW tag reader 205 is a detection module 206
that detects the signals 211, 216 emanating from the
wirelegss LAN device 210 and the microwave oven 215. The
detection module 205 also detects and identifies a null
period 221 in the transmission pattern 220 of the wireless
LAN device 210 and the microwave oven 215. The null period
221 may be either a time null period 221 when no signal
211, 216 is transmitted, or it may be a frequency null
period where a frequency within the ISM band is identified
where no signal is being transmitted. The SAW tag reader
205 uses this information to effect a communication of
information by either communicating when the conflicting
signal 211, 216 is not transmitted, or it can change to a
null frequency within the ISM range and use that frequency
to communicate.

For example, if the SAW tag reader 205 detects a

conflicting signal 211 from a LAN device 210, it can
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illustrated) then determnes the identifier in view

of predefined tine, phase and anplitude paraneters
detected in the response acoustic 25 pulses 160. RFID
tags, including SAWtags 100, operate within the

i ndustrial, scientific and nedical (ISM frequency

band. In the United States, %this band is 80 M \t/)vidg

with . a range of 2.40 to, 2.483 . Because, this ban

| YEEPHE ot Hiér %eﬁi‘f}?ﬂ‘?%attioo%%eprql??ﬁ%%’r‘?r& of the LAN
vdgel s s21 ocahdangadiel Wadksve (bANS) dand g ued Db Mbf TLAN

rel ess_transcei vers, SAWtags nust e designed to
\é\g?)ee‘fjaqee 110 t A pr Eéehée of2 BRE ﬁBFeuﬁ%ultg‘e MHC&OMge oven

wiid), wihesie eppléenly08gerM EH0UYBLSAVLt agsv10)MO:s with 8
2005/ 029698 PCI/ US2004/.029929 -10 may be designed to
db]ce)]r LHhi PR PHF PEd PPEGIFALY SR EpAgageader can

Nz it dandmid RheSHRAEE 480inkberbetyes. AVAl tag reader

support,_and can operate within, a w der bandw dth.

useBAW PEE§ES108 arfew r deBrRISCREY WEPhi FreRemis  an

Sgie: FtOTHTENE 1 8840t RAr0 apRhiacatd QS &r 80pShaki RFoustic
using the same |SM frequency band, the possibility of
fRERR Y0 O ntErifdy eReEN &S piésdift . topeFRiforrith rhad many

| SMbaingl wiitesin dhetabesi i Nake SAMA A9 100 AN SAW t &G ot her
readers be able to operate within an environnment
WHEHE G iRtk mde seRiigowaye oven 215 is that it typically

operates within relatively narrow bands of energy that are
swept across the ISM band during the 8 millisecond activity
period. A SAW tag reader 205 can detect the narrowband of
energy and avoid those bands while measuring SAW tag
responses at other frequencies, even while the Microwave
oven 215 1is active. In a similar fashion, other
applications such as wireless LANs and Bluetooth have
significant inactivity times and use only a portion of the
total ISM frequency band when they are active. As mentioned
above a SAW tag reader 205 can sense the inactive frequency
bands and inactive time intervals to ensure reliability of
SAW tag reads while simultaneously preventing intrusion
into other ISM applications.

While operating in an environment where other devices
are present, such as a wireless LAN device 210, it is
important that the SAW tag system 200 not interfere with
such device. To avoid generating undo interference, a SAW
tag reader 205 can be designed to generate relatively low
power with very short duration pulses. The combination of
low power and short burst implies that, in most instances,
a SAW tag reader will not impair wireless LAN devices or

Bluetooth™ applications.
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identification tag systemnot interfere with other
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illustrated is a SAW identification tag system 200
operating in an environnent 15 where a wireless LAN
devi ce 210 and a m crowave oven 215 are operating
within the sane | SMfrequency range. Coupled to the
SAWtag reader 205 is a detection nodule 206 that
detects the signals 211, 216 '&manating fromthe

wi rel ess LAN devi ce 210 d the ni crowave oven 215.
The 200RASG | By A MR Bird WitH another

idlentdd i esch il | a ﬁﬁrﬁelslcias%?lLAN g&éeritdeansmbssgsm SAW tag
pattern 220 of the . wreless LAN devige 210 and the
Hiea<y 805y iR 131 54 SnUTYRPEFIBF 2 2 £Oney He éPt [rfects
acdmEnivddiqer wadh22d wen Begsigil syAthroddlis Swith the
transmtted, or it may be a frequency, null 25 period,

VIEFR - RSy TROMhERSt RBVESRE balitl § SYREHGH gf ion can
Whens, noinsd gridediferl8t G- tWansm thied . salh e a2AWMsAGEm 200 can

reader 205 uses this information to effect a

dhFRINPEat $RFPRFEd | FPor FREF oV ef PRerSAbMYAAI caRRdgr 205
werediie wanfdicddie Sf Ml okl S AIRth as a wireless

transmtted, or it can change to a 30 null frequency ,
withi AeThee | BPy ande aFETRRETATAS fFidueriegh fystem and is
GBI A Sinp I L BX AR IS, s b Loy RAW 4 %é@@@gﬁrc;@écols :

detects a  conflicting signal 211 froma_LAN device
210, iTUERRRAND 2005/ 029698 HERRS2G04/ 0299pgtrated is  a

representative embodiment of a SAW tag 100 showing the
layout of a SAW tag platform 300 with groups 310 of
reflector locations on the substrate. In the illustrated
layout 300, a preamble 320 precedes data groups 310 and
provides for functions such as frame and phase
synchronization as well as providing data space for SAW tag
version information. The groups 310 are separated by time
values 315 (labeled t; through t4). Each time value 315
interval represents the time between the center of the last
reflector position in one group 310 to the center of the
first reflector posgition of the next group 310.

Eight reflector groups 310 are represented. This
represents a generic SAW tag platform 300 with a basic
128-bit encoding structure. Some of the groups 310 convey
payload data codes while other groups 310 are used for
synchronization and error checking. In the instant case,
group 311 thru and including group 314 are used to encode
payload data or SAW tag identification number data. For
purposes of explanation, assume a 64-bit format payload
platform is used with four payload groups, Payload0 311, S1
312, S2 313 and S3 314. Group 315 is the synchronization
group and the error check groups are ECO0 316, EC1l 317 and
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-11 synchronize its operation to the operation of the
LAN device 210 and becone active only during periods

woh0dsARbe9slevi ce 210 i nactivity. In the case of PCNAIS2004/029929

m crowave oven 215, which typically operates with 50%
duty cycles with 8 5 mllisecond periods of inactivity
the SAWtag reader can operate within the periods of
inactivity. A SAWtag reader 205 only needs a few

m croseconds to transmit an _interrogation signal 110
and receive response acoustic->pul ses 160, which
permts it tqQ transmt and read rrarg:y 10 signal s within

& M1 | ISk o 5 HactiAREpeAGHCTARS néescribed herein
charcicked | b C uek falmMconeess :0VerrJd Schéckhgkphiration and
typicall operates within relatively narrow bands of
e%‘g?%/ Geak A58t i8fept TaEPosECPhal ¢ REBEMEMRAT (g e check

&uri 41 £ second asthvihyn peni ed.7 ArRf\Wtagz1eadan 2@3 thus,
can detect the narrowband of 15 energ% and avoi d those

thi PEPAEASEr iTFETSAWY adl’r &8sones af8ot hefhe use of

faasumencd esrroyephsbks erhhe1 M aEewanRnu@uehuelag Srocesses
active. In a simlar fashion, other_ applications such

& AT aWwng SRRCeshi#s8 aét BeP asreedenrt giaske anth multiple

it | Yoty sb8BSnaNdryseqorE¥ranPohtibBRr0b ke 2Rta fields
total | SMfrequency band when they are acti ve.

As
nEhtd onedf fapene BARAYRTagnfe e A0t kakglenseEfhe317 and

imective, T 680HRECY L hBANHEngNdal-BagkLYR 4L T MEdNBaEY Yt forms
to ensure reliability of SAWtag reads while
SR EPeoeiBeGk ppEveRe i AgMEnertsi 88 ECAt 814t Red PSMECL 317

appl &A1 | OfSus, the combination of ECL 317 and EC2 318 is,
in effect, a form of a 32-bit error check. The nested
design is more flexible than a conventional 32-bit error
check because EC1 317 can be used strictly for code space
separation (i.e. processing gain) while EC2 318 is used
strictly for error checking. In applications wherein the
processing gain 1is unnecessary, the ECI/EC2 317, 318
combination can be used for 32-bit error checking.

Thus the present invention provides, in one
embodiment, for a SAW identification tag 100 that has at
least two tag identification number or payload reflector
groups 311-14 (Payload0 311, S1 312, S2 313 and S3 314)
located on its substrate. Also located on the substrate is
a first error-checking reflector group (ECO 316) that is
dependent upon data contained in one of the at least two
tag identification number reflector groups 311-14, in this
case S3 314. A second error-checking reflector group (EC1
317) is also located on the substrate and is dependent upon
data contained in SAW tag identification number reflector
groups Paylocad0 311, S1 312 and S2 313. While still a
third error-checking reflector group (EC2 318) on the

substrate is dependent upon data contained in the at least
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interfere with such device. To avoid generating undo
interference, a SAW tag reader 205 can be designed to
generate relatively |low 30 power with very short
duration pul ses. The conbination of |ow power and
short burst inplies that, in npst instances, a SAW
tag reader will not inpair Wil ess LAN devi ces or

Bl uet oot ht m appl.icatiqgns, . 2005/ 029698

SO R 5280 S 1 4305 LT 280 e eF e Bbecrer group
corgristad@ 31 h shaterandledd el UEhAE@ MWIel eshd ANcond
devi ce reader 205 can al so be

 210.. the Smgxtgg _ ( _
ST oM SEH D TRt ORI ER: conmuni cation with a
SAW t e A fiygichoRNous FVGUREL g 5i 51 @ataed@Nasi BYSAW tag
fromthe d Bce.,This synchroni zation can be b tlge,
Gy 50 O bBEAPITRe "SARHER &1 e 200k aRvokPes be The
et nced §mathakmmh©ﬁ e Sﬂ&vléﬂsﬁﬁéﬁért%@5jx?§ﬁﬁﬂﬁﬁéation
t he .presence of another s Sﬁem suc as a Wrel ess .
CARTHRA Pt 20,07 N Ao el REBS o6 PR 3uRRPSYE e afy first
| esr ddd teHead k Yng OFPEL & L 6r WhiBus UL 1 de¥i R EnACERSSipon data
protocols, .Turning nowto FIGJRE 3, illustrated is a
(EPHeseHt Gt e ifbctit mbRESHf CRSSARY afdenbisheathgnt mumber
| By ctdr agBOMbt ag (ol at hordB R Wel-bogl eHREK3AE Qfeflector
reflector lqcations on the substrate. In the
i999HR r4tdglis located on the substrate that is dependent
upon data contained in the at least one tag identification
number reflector group 410 and the first error-checking
reflector group 411.

Referring now to FIGURE 5, illustrated is a SAW tag
substrate 500 with multiple reflector groups 510 having
multiple reflectors 520 in each group 510. In the interest
of encoding multiple data bits with a small number of SAW
reflections, data is encoded using pulse positions. Because
allowable pulse positions are more finely spaced than the
width of an interrogation pulse, pulse position is
difficult to discern using only time of arrival detection.
Additional discrimination between pulses is achieved by
encoding different pulse positions with differing reflected
phases. To this end, successive pulses are encoded with
successive increments of a phase step.

Agssuming the first pulse position is encoded with a
reference phase of zero degrees, successive pulse positions
are encoded with successive multiples of the phase step.
Although the phase of a particular reflector 520 is
independent of other active reflectors 520, the actual
phase of a particular reflector 520 is dependent on the

number of active reflectors 520 preceding it. An important
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and provides for functions such as frame and phase
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SAWtag version information. The groups 310 are
separated by tinme values 315 (labeled tl through t8)-
Each tinme value 315 20 interval represents the tine
between the center of the last reflector position in
one group 310 to the center of the first reflector
position of the next group Sfé?'Eight reflector groups

310 are represented., This repr nts a generic . SAW.

POt SR T DT T B00 TIPS & 58115855 ehRofitAgMize the
sdepidetce Sofe ohet heh@soups 340 wombeyupay| @adsdatén the
codes while other groups 310 are used f

or__ ,
RIFCHTETT 224 | DIEHHE r RETTHEHE R 957 1 nrishddeppndence is
CRdSeimi %écwpy 31|1é.kiﬂ‘ﬂ% UaBDdréﬂSZiécbltﬁfbf@_ %ﬂi OéJP?J_B&dp af @ettSLEal .
to encgde payl oa gta or tag Identificatlon ,
number TR a Ol PHPEs8S b eegﬂﬁ?%%%’fiﬂorﬁ(e%@swrgwdes

6obi b farwrat aga it raat 98 hesused FahR forbup 511 of
payl oad groups, PayloadO 311, Si 312, S2 313 and S3
2L L oS 31329 s LRRASShcHBniZatT Bt Gigup eiHdh t 1ell  the

eFd Ol e SNSEK Y POURS A ECP:818rofSls Bl hanthd@ubstantially
2005/.029698 PCT/ US2004/ 029929 -13 EC2 318. e error

chibklay rEEr ek er8EdE8FEHEOR RBRERRTEFATELGES t o SpSEMy group

CONE Pt Sre £l A o £ K0 SERH LA Uh &k W HaFh8Bctrate 500
nesting. Thus, ECO 316 perfornms an error check on

REFer etatlat SWhRFPHCIEBLY arfiTEHGRB18 sarPnd, tiRfsection

characteristics. In another embodiment, the first
reflection characteristics and the second reflection
characteristics are substantially similar.

This embodiment is useful in that the starting phase
of a signal for subsequent groups is independent of which
particular reflectors are active in preceding groups. Use
of identical, or nearly identical, reflectors 520 across
multiple groups 510 is also beneficial in that it produces
early return pulses with higher amplitudes than later
return pulses. Stronger amplitude early pulses are
desirable because environmental echoes are stronger near
the start of a SAW tag response than they are near the end.

Also illustrated in FIGURE 5 is a start reflector 530
located in front of the first reflector group 510 that
carries a basic data load. A start reflector 530 located
about 100 nanoseconds in front of the first slot in the
first data carrying reflector group 510 can be used to
enhance data synchronization and to measure multi-path
reflections in the reading environment. Once the multi-path
has been characterized by observing the tag response of

this single isolated start-of-tag pulse, the effects of the
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masks with nultiple mask sets designed for different
hi gher order data fields (e.g. different nanager and
object fields). EC1 317 and 10 EC2 318, on the other
hand, are nested. EC2 318 perfornms an error check of
the sane data as ECL 317 and on ECl1 317 as well.
Thus, the conbination of ECI"®17 and EC2 318 is, in
effect fo m of, a 32-bit error check. The gest

B gh B3 %F@-nﬂ}%‘% BEEMREh T cSMPSREIST  92tp) (detection
epFSfedSegheck because EC1 317 can be used strlctly

for co a% aration é processin ai

whi | e 1%@0 f O‘W§1 u ?d a5t FR rP’;? Fo9 & k?ﬁa Jqrated
apptéeatdreNs1vBer ehdcihe JHLessidgp J98iD.i SThe end-of-tag
unnecessary, the ECI/EC2 317, 318 conbination can, be

SR 4308540 { DEPTBFeRhBRKPHEDUBOPYAGS Phe Spriddwt Time of

| AVEREd Qe PhDYedesumb8rope  enbedi aeat isf AocatdMWatfter the
identifjcation tag 100 that. has at |east two td%k
addition

| HRTE | F1 I b e drihpaladadatet 18w St o
3dd -ddi AP Lt Hd, refll &2 orpd BEhARhSED B4 g reflector

| ocated on its substrate. Also |ocated on the

stbltr 40 | 2B BlPnakt EFWIIHEAAtIPY of FBEPEMaFiGEp it

(égg%ﬁﬂ@ﬁtégaﬁo'§Se@@@eE@%EEaQQO%e@@%@tﬁ%ﬁkwﬂﬂ¥$ﬂﬂlng data
one of the at least two tag identification nunb

retfEeeepryr 6% Fe 18ndj 1] hike Sa¥e WX 312heA 2dditional
SESORE EF F&h - EH@CEhHgoEeE%@C%El%%E} eﬁ%nc%y)tﬂes SAW tag

al so_located on the substrate and i s dependent upon
reader’s ability to detect the acoustic signal return, a

particularly useful feature because the first reflections
from the reflectors near the end of the SAW tag substrate
are typically lower in amplitude than reflections from the
early reflectors.

An additional advantage of an end-of-tag reflector is
its use in relatively short SAW tags. A SAW tag with two
data groups can use the end-of-tag reflector in lieu of the
Sync code and error correcting codes. The secondary
responses of the information tags provide a time-reflected
synchronization signal and, because of the redundancy,
provide a form of a signal integrity check to add to the
confidence of valid SAW tag presence.

Although the present invention has been described in
detail, those sgkilled in the art should understand that
they can make various changes, substitutions and
alterations herein without departing from the spirit and

scope of the invention in its broadest form.



10

15

30 data contained in SAWtag identification nunber
reflector groups Payl oadO 311, S1 312 and S2 313.

woodsm2ews| | a third error-checking refl ector Pgraspo04/029929

(EC2 318) on the substrate is dependent upon data
contained in the at | east WO 2005/ 029698

PCT/ US2004/ 029929 -14 renai ning one tag identification
nunber reflector group (PayloadO 311, S1 312 and S2

313) and EC 1 317, the second _ error-checking

refl ector group. Referring nowto Fl GURE 4,

il1lustrat | S ta 5 platform 400 using a

"nest @ﬁ&r%rc@é@gﬁ tocol. The SAWtag platform

400 has at least one tag identification nunber

reflector %{oup 410 | ocated on a substrate. A first

error -theckt M red et oF OYFELHCALINTs SHEFBRBe ARCOWFEAC wave
dedzan) cop@ Netkddidde sy 4 .0astndNeol ad-difentdfhgat i on
nunber 10 refl ector group 410. A second error-checking
ref | ed¥recigitus £#190pd PoaBeEdneniTe® %Iatﬁ;'ter%ﬁl@rtmtdgevwe

I spalenendent: c o, datip contalaadid, the, &t | east one

tag identification nunber reflector group 410 and the
first EerithgkingullePredrer igradpranamigsion pattern in
RefeyrdnghAow 4,09 FIGURE 5, illustrated is a SAWtag
substrate 500 with multiple reflector groups 510

havi nLfrgting ecpamiaérados200F nseach fpoepnsidon| gluring
thei d nheresderQfgencoding nultiple data bits with a

smal I nunber of SAW reflections, data is encoded

usi ng pul se positions. Because

2. The method as recited in Claim 1 wherein said

null period is a freguency null period.

3. The method as recited in Claim 1 wherein sgaid

null period is a time null period.
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20 al | owabl e pul se positions are nore finely spaced
than the wdth of an interrogation pul se, pulse

woasisteersi s difficult to discern using only PCmaSef04/029929

arrival detection. Additional discrimnation between
pul ses i s achieved by encoding different pulse
positions with differing reflected 25 phases. To this
end, successive pul ses are encoded with successive
increnents of a phase step. Assuming the first pul se
position is encoded with a Teference phase of zero

Succecat ve it rtaso b SoRB heEE SpoBUEE00R Pt 1o vave

t tBAphasilenft iof peatiaul arag efirdi@iathizth | o  avoid signal

i.nde dent of aqther tive reflectors 520, the actuya
plhdtsegre%reéwp%rwf%magfo BTG RS2 Ik A T e same
tiheequanberbaid actommerisifdect ors 520 preceding it. An

i mport VWO 2005/ 029698 PCT/ US2004/ 029929 - 15 ,

consi deg%ﬁto]ﬁg F YA © PO TRHGR 2eing low
tdwverdependence of the phase of a particular pulse on

the presence orjgfse e of pervious pulses. This ,
dependéttE- 1% Sf ggﬁcﬁﬁnsak?ﬂ@m%PFC?EFPEct%9s‘?9?%¥ in
Figtxl dentdtcal . 5 Thus, one enbodi nent of the present

i nvention provides for a SAWtag substrate that has a
first group 511 of reflectors 520 |located on a

substrat e wind ahdthde 4&f1L6E0£83520ni NcsHEh fitr Steyrther
group 511 having substantially simlar first

TS 019 ¢ MdrladtZeridst FESTVRNS¥coR@ifEoupe determine the

timing of said short bursts.



10 512 of reflectors 520 | ocated on the SAWtag
substrate 500 also has substantially simlar second

woebilsaeedvn characteristics. | n anot her enbodPaEmIS2004/029929

10

15

the first reflection characteristics and the second
reflection characteristics are substantially simlar.
15 This enbodinent is useful in that the starting
phase of a signal for subsequent groups is

i ndependent of which particular reflectors are active

in precedi ng groups. Use of i%fentical, or nearly
identical, reflectors_520 acr,oss . nultiple groups 510

5 ol b berb s | OF AL Gt S Tb ity et tas
Pif Besnand 1dn hi ghesr Bephd § udes than later return

ul ses, Stronger anplitude earl ulses are desirahble

Do AU R it L S HOUS S To g S s Trom an
sdsdtinic SABtiag reseemsend hatthhey ar emeatagh&requency
gg%i Also illustrated in FIGURE 5 is a start reflector

dpsfdcated in front of the first reflector group

510 thatre®@iides aochasheceatanl oakhf A skakll I efilEdmiation
530 |.ocated about 100 nanoseconds in front of the

FEYRGNIRRUS Wik SPidsetgheastaPR§i RELEET ISdEG Giugdp that
M Catohfunses:16n 8BBaRSseddal AgSYACALeBZ Al @hedNGaid at
to neasure nmulti-path 30 reflections in the reading

& nrmtheRcelIhe! Mf tingt e has been
characterized by observing the tag response of this

single isolated start-of-tag pulse, the effects of the
WO 20057 029688 mefhod20o4/ 029973 - 18 Claim 6 wherein said

effecting communication is synchronous in time.

8. The method as recited in Claim 6 wherein said

effecting communication in synchronous in frequency.
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mul ti-path can be renoved in subsequent data detection

processes. Al so shown is an end-of-tag reflector 540
woOaomtegh9s af t er the | ast active data group 510PCThiS2004/029929

end-of-tag 5 reflector 540 produces an out put pul se

at a fixed time of a predeterm ned nunber of slots and

is located after the |last slot position of the |ast

data group 510. In addition to using the direct

reflection of the end-of-tag_reflector 540 for

addi ti onal synchroni zation rAPor mation, it 10

contri butes t seful tertiary reflections i.nvolving

data et | doart T ke o Shve SRR The

addi t ia@nal eaket utRof rody t heleend-fafedtag ethhuatiedsr reflector

enhances th Wtag reader's ability to detect the

EEGTRS E‘Log FeUrHPSETaE& i i cul arly useful feature

ecause riketf exsbrrehkerti hgnseibedt oM dheup efd@dead ®n said

near the end of the SAWtag substrate are typicall .
SO T S CRRETIRAIT HEPPe EAFan SOPEGRERe 1 T gy OF said
r=ef l1ecl=dr TwoAt aafldiddraniali Rtviai ageefr afke febtr tagups ;
reflector is _its use in relative%g short SwNVtags. A
SAW t &g SRERREWETIERY Fheskgrdupeeehic e greup located on
eRad-of stibgr reELecltl 88péh&enof upbhe SyAcacedatanted in at

error correcting codes. The secondary responses of
thf@Sthf B neF FBALRAHS prdiA deta t PARdr efifectkRpSt two  tag

sispeiiiani Zatican Mgt v e rgaugews 1 hehd edundancy,
provide a formof a signal integrity check to add to ,
the 25tbdar genes-choekirg sait eagOpresengelocated on said

substrate and dependent upon data contained in said at
least said remaining one tag i1dentification number
reflector group and said second error-checking reflector

group.
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Al t hough the present invention has been described in
detail, those skilled in the art shoul d understand

woheis/020d98y can nmake vari ous changes, substituPCons2@md29929

alterations herein without departing fromthe spirit

and 30 scope of the invention in its broadest form

WO 2005/ 029698 PCT/ US2004/ 029929 -17 WHAT IS CLAI MED

IS: 1. A nethod of communicating surface acoustic wave
(SAW identification tag infojmation, conprising: 5
detecting a signal emanating Trom an el ectroni c device
operatigg Wit hi m ag AW ke d; .J Lfying

a null periodin a tran(g%ngts{s]f%n p{z;(?l%[e?%]i nc&ﬁ?%é{%{é,

si gnalat dpsf fooet tag toemtinftastdbonofusled reflector group
i nE oL [ dugi said null period. 2. The nethod

as re%?‘%e%ﬂi nuéélwalgtrﬁ Wherein said null period is a
frequericylenat et i sychchorgl z e madftlvodtcas gmmig ddbdated on
Aajm in said null periodis atime null

pe%ll odg.lu%%%%/ 029698 PCT/ US2004/ 029929 -18 4. A

nmet hod of communi cati ng surface acoustic wave (SAW

i dentifi cat j natiagn to . avoid sjgnal, .

i nt erfleir 'enclig?e\{/]vi %Z%Qalno% O%lr%aceaic/)cllcoen S5t &t s (Heim 10
semerein said synchronizing reflector group is a mirror

image of said at least one tag identification number

reflector group.



frequency band, conprising: 5 effecting comunication
of said information using |low power; causing said

wehb@smeeaey comuni cation to occur in signal bBCSUS2001029929
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5. The method as recited in CAaim21 further

conprising utilizing frequency shift to determ ne the
timng of said short bursts. WO 2005/ 029698

PCT/ US2004/ 029929 -19 6. A nmethod of conmuni cati ng SAW
identification tag infornatjégy conpri sing: detecting

at | east one other signal enafating from an

el ectrpni c deyiGe. | ithin a g%% .frequency

5 band?ﬁandge$¢@c%$%§ﬁg%%ﬁ%%¥%%?¢%%’d? S %%glgé'

i nf or natt i lgestsyonshitegoddentt iisatdont nhwhst vaEletther group
sigggée u&% éhgﬁbséé%gegonnunication occurs during an
interva en sard a [est one other signal is

i nact i ¥efiddr ABrrihe agetdkicthaserfdeicted pmoGphalorvéted on said
wh in [ ffecting commnicati.on is nchr.onous i.n
AL 8 ol o Ao CTPR A o B iRer e T agrad 2
1beasétf emhe Nngag ontient AL cobionm symicédr onefisector group; and
frequqgC%éc@%d?qgééggggggcﬁggéU@%%Qéégégg%group located on
saild substrate and dependent upon data contained in said at
least one tag identification number reflector group and

said first error-checking reflector group.



-20 9. A SAWidentification tag, conprising: at |east

two tag identification nunber reflector groups
woOaomteeho®n a substrate; RF a first error-checRCImS2004/029929

refl ector group |ocated on said 5 substrate and

dependent upon data contained in one of said at |east

two tag identification nunber reflector groups; a

second error-checking reflector group | ocated on said

substrate and dependent upon.gata contained in at

| east a remmining one of said at least two tag 10

i dentificathoganuibent f eflecion gégunéamﬁflgsﬁnghl rd

error-checking refl ector group | ocat oh sa

subst raf el eaRf %ﬁ@@nﬁdaﬁéﬁféﬁﬁﬁl@ﬁn@mﬂhéé mf%g@aonatgroup

| E8sdtS@i Gnr £NBLBLPY 00 tag identification nunber

reflector. group and said second error-checking

ref | ectorleast grsuprrap-gbeskergegefleetor group located on
5 Pgi@m%@@%dl%eﬁn%\yt' glgﬁ'ﬁ' &?Egt EBHtL?ge 1n said at

conpri si ng: | east one tag identification nu

rEt3 et e g‘@@@]pld%%af bepbhom Ryhser aref 1act<b7eagroupe

synchroni zing reflector group |located on 5 said

substrate. 11. The SAWidentification tag as descri bed

G aim 10
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wherein said synchronizing reflector group is a mrror

image of said at |east one tag identification nunber
waQors@kd@st or group. WO 2005/ 029698 PCT/ US2004P02A82H4/029929

-22 12. A SAWidentification tag, conprising: at |east

one tag identification nunber reflector group | ocated

on a substrate; a first error-checking reflector group

| ocated on said 5 substrate and dependent upon data

contained in said at |east ope tag identification

nunber reflector group; and a second error-checking

refle r grpu 0 \ ' strate and_

depeng’{eégt up%n%dgtgg%lg%g?%ae%ﬁ% tg‘—ya?ﬁ a PTeastIbne

tag i dentifstcagrnamp winmefleetbeest bocgtedpoand sulstsaatte and

fil rror-c Ki flectaqr up. 2005/ 0296 .
BT S 000, 5955557293 £ A hoPEEN: 1 PakEton (g rection
compraciengisatcéeastdone tag identification nunber
reflecé;orS raup I%%%ﬁed Qn a supstrate; at Iga t ane 4
error -chefRFRE r ef*8CFPor Yr oup™ 1 ocar et ont05355Hg o sal
ssldsttredtee and dependent upon data contained in said at
| east one tag identification nunber reflector group.
WD 2005/ 029698 PCT/ US2004/ 029929 - 24

15. The SAW identification tag as recited in Claim 14
further comprising:
said second group of reflectors having substantially
gsimilar second reflection characteristics; and
sald first reflection characteristics and said second

reflection characteristics are substantially similar.



14. A SAWidentification tag, conprising: a first

group of reflectors |located on a substrate and having
weubsstoaswgal |y simlar first reflection PCT/US2004/029929

characteristics; and 5 a second group of reflectors

| ocated on said substrate. 15. The SAWidentification

tag as recited in Caim2l1l4 further conprising: 10

said second group of reflectors having substantially

simlar second reflection characteristics; and said

first reflection characteristics and said second

reflection ch teristi.cs ar.e substantially..simlar.

W0 200502080 S ABE RS A uess T Hr "

i dent idf ipaduoroft agsf leamemssilngratedraup ofulyseftadnt jorand

| ocat ed gn substrate: and each.of said reflectors. .
havi bt hrtr o | S Shefrare *Raride, PkEcbRLiATY Binitar
aleatlaeitelrdrs tdltara e oM A0 029698 PCT/ US2004/ 029929

-26 17. A SAWidentification tag, conprising: a

substrate having a group of reflectors |ocated

thereon; and a start reflector |ocated to generate a
refl ected



5 response to a SAWtag interrogation signal before a

reflector in said group of reflectors generates a
woebls@mee@sl response to said interrogation si grair/usSi®4/029929

The SAWidentification tag as recited in Claim17 10

wherein said start reflector is |ocated a

predeterm ned distance fromsaid group of reflectors.

WO 2005/ 029698 PCT/ US2004/ 029929 -27 19. A SAW

identification tag, conprising. a substrate having a

group of reflectors |ocated “thereon; and an

end-of-tag fe ctor located.to generate a, 5

refl ecjt?e'd riés%%ﬁség?%{%f@%%%% ¢ er 8GR 9h"Sf gnal

after aeauibatefdtect haviingsar d gpraaip of redéfest©b8s located

generates a, reflected response to said interrogation

si-gnatl . 20:. drhe SAWidentification tag as recited in

d ai m49 sth@twhee £l acsat d lerdteft t 8g rRiHactid hS reflected
5 Irocatoed a predeterm eg di stagce fromthe %rou of

ret et or s wherei m"a 8P| etPor g8t yeher Jc%glabefore a

red f ed el rias peisk droudhofi el e0gathofeséftds dFedlected

The SAWidentification tag as recjted 1n Caim19

eI S ar g %%b‘-gomif%ﬁr‘?i?tpe%‘? oF 198t ect s

substantially all of said interrogation signal. 22.

The SAW i deptification t, as recited in daim19 20

wher eﬁxg Saiﬂ“%h%ﬁ%fl- %l&gﬂa&ep& t§enéfaresifed in Claim 17
10 refdweeiedsaid start reflector is located a predetermined

distance from said group of reflectors.



interrogation signal that generates response pul ses
from said reflectors.
WO 2005/029698 PCT/US2004/029929

-27-

19. A SAW identification tag, comprising:
a substrate having a group of reflectors Ilocated
thereon; and
an end-of-tag reflector located to generate a
5 reflected response to a SAW tag interrogation signal after
each reflector in said group of reflectors generates a

reflected response to said interrogation signal.

20. The SAW identification tag as recited in Claim 19

10 wherein said end-of-tag reflector is located a
predetermined distance from the group of reflectors wherein

a reflector last generating a reflected response to an

interrogation signal.

15 21. The SAW identification tag as recited in Claim 19
wherein said end-of-tag reflector reflects substantially

all of said interrogation signal.

22. The SAW identification tag as recited in Claim 19
20 wherein said end-of-tag reflector generates a reflected
interrogation signal that generates response pulses from

said reflectors.



