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WD 20051029698 PCT/ US2004/ 029929 1 SAW | DENTI FI CATI ON TAG DI SCRI M NATI ON
METHODS 5 CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s application clains
the benefit of U S. Provisional Application Serial No. 60/503, 136, filed on
Sept enber 15, 2003, and entitled "Proposal for a Low Cost 10 RFID Tag, "
commonl y asghomed9ehd h the present invention and i ncor poraisemso®om n 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 scrimnation nethods and, nore specifically, to an integrated systemfor
i sol ating an response signal from surface acoustic wave radi o frequency
identification tags 20 and identifying the informati on encoded on such tags.
BACKGROUND OF THE | NVENTI ON To address and overcone i nherent existing
limtations in prior art radio frequency identification (RFID) tags WO
2005/ 029698 PCT/ 1152004/ 029929 -2 with respect to cost, data capacity and
reliable range, a new technology utilizing SAWdevices as identification
tags has been devel oped. SAWtags are described in detail in U S Patent
Application Serial No. 10/024,624, entitled 5 "Surface Acoustic Wave

I dentification Tag Havi ng Enhanced Data Content and Methods of Operation
and Manufacture Thereof," Hartmann, Clinton S., commonly assigned with the
i nvention and incorporated herein. by reference. The principles used to
encode data on SAWtags involving 10 sinmultaneous phase and tinme shift
nodul ati on are descri bed

SAW IDENTIFICATION TAG DISCRIMINATION METHODS

5 CROSS-REFERENCE TO RELATED APPLICATION

This application claims the Dbenefit of U.S.
Provisional Application Serial No. 60/503,136, filed on
September 15, 2003, and entitled "Proposal for a Low Cost

10 RFID Tag,” commonly assigned with the present invention and

incorporated herein by reference.
TECHNICAL FIELD OF THE INVENTION

15 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 fregquency identification tags

20 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



in detail in U S. Patent Application Serial No. 10/062,833, entitled
"Modul ation by Phase and Tine Shift Keying and Method of Using the Sane, "
Hartmann, Cinton S., also comonly assigned with the invention and

i ncorporated 15 herein by this reference. The principles used to encode
data by corvbdniosg29eas ti - pul se per group nodul ati on w t hpcsiuswdos/ademsus phase
and tinme shift nodul ation are described in detail in U S Patent
Application Serial No. 10/062,894, entitled "Mdulation by Conbi ned

Mul ti-pul se per Goup with 20 Simultaneous Phase and Tine Shift Keying and
Met hod of Using the Sane," Hartmann, Clinton S., also commonly assigned
with the invention and incorporated herejn by reference. Additional
pertinent information regarding SAW idenhtification tags and SAW
identificati on.tag rseacé%rz is 2? sgttforth cl deatacil in U.S. Patent _No.

6, 708, 881B1, “ent i t1&d ~REZIEFSFor YA i G T Tf o rnt] orne]@aag’a%(ﬁ ty " "Saw @

| denti fi cati arewlagchndl dey hodi loifz ildge SANedeoifces Har i danbi ficdt idmorals, again

comonl y assi neq)vvith the inv. nti%mJ %réd incordoorat. d .herein b3_{ ref erence.
¢ et g)ed

30 An interrobat &8 REITS YAGTEE ed FFEnSIREE 185 A8 §°5FgAalt S n

response to and.ntBatreyat Applscgnadn Jaeiak eNar na@/@124r,_cspzl4y sirgrialledont ai ns
tag i s VO 2008095655 HetFiLs00 6oo0e8c L B e AR e Rt sed as
an identificadton Cagteanh drel eMeblbeds wofh Cpemmigeoransodt Mfnufacturdhen
roduct code TEREE tepetiriiafrens: Bl S anr e o hr Yy by e Pt 1o
accur at el y i demtarftiomheandg incrmporadiest ahereis. fequireédreRrequentlhy ot her
el ectronic c“%@fﬁ%iples used to encode data on SAW tags involving
10 simultaneous phase and time shift modulation are described
in detail in U.S. Patent Application Serial No. 10/062,833,
entitled “Modulation by Phase and Time Shift Keying and
Method of Using the Same,” Hartmann, Clinton S., also
commonly assigned with the invention and incorporated
15 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
20 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
25 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.
30 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



will also be in use in the environnent where RFID tags are used. The
signals transmtted by these other devices adds to the difficulty in
detecting responses to an 10 interrogation pulse. The problem can be best
understood in the context of a user that has a | arge nunber of objects,
each wth iW@2008u6dsni que identification tag. Added to powubzotoDat a

| arge nunber of identification tags are returning signals 15 in response to
an interrogation pul se, there nost probably are other radio frequency
signals present. For exanple, a SAWidentification tag systemused in a
war ehouse or shipping facility will nost |likely be operated in an
environment where a wireless local area petwork (LAN) is 20 also in
operation. To identify a specific object”anong a |arge nunber of objects,

an interrogatjon Si | wi | ransm tted_th i1k, si ously
generate a reasspscc)’r(fgégggr' o\r% eéé%ﬁ%%X@\f?a%é%én ‘_’lesa(‘_flk1 g%fecjfh%&%%l%y%%ng%b t he SAW
tag reader béealkineotedi denlid ylatpe simgualtsobedaga r etWhrerede@®dedomithe SAW
identificati tags, okt o] ure.tha ' i nt err.agati Lgnal and
t he responseg&t o%gucﬁgsigﬁg% aéd% ncgatscsal’nt é%lf e%cé‘cg\?\%%%ﬂ%%e “\y/ﬁocggl é:%sr}t%%ﬁ]. In

addi ti on, thelesAnrnag peadectngodeal (E&FChe spigice fioatdpaswi eh rgdy abilgnal

| nterf e enpe SAUSHIARN bEUBLRL 635 dMyaTRYS: s dind 2SR UIROI B0 Q1 SAW

tags to be en n a nmanner that permisitags to ! ‘
di sti ngui shedlifatemceach bedweired|t Arequgnalyyobker mprctamnichaievileesSAW t ag

e oean e HEhRAF T Bte ShWiancissongete fematpe lerkians 10
i dentificatioadag Thpssbanabs §ramgiditednvbyhtbeserotess ciayvidast ladds are

to the difficulty in detecting responses to an

10 interrogation pulse.
The problem can 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
15 1in 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
20 also in operation. To identify a sgpecific 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
25 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, i1t is
30 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



needed to encode and read SAWtags so that the unique data on the SAWtags
can readily be distinguished. Methods are 5 al so needed to permt a SAW
identification tag systemto operate in an environnent where other signals
are present. Methods are al so needed that permt the operation of SAW

i denti fi cawmmos/eyemyst ens in a manner that does not | RCEUSEIEI20920N ot her
devi ces. 10 Accordingly, what is needed in the art are nethods to operate
and use a SAWidentification tag systemin an environnent wth other signal
generating electronic devices and still reliably discrimnate between
multiple SAWtag responses. WD 20051029698 PCTI US2004/ 029929 -5 SUMVARY OF
THE | NVENTI ON To address the above-di scussed deficiencies of the prior art,
the present invention provides SAW 5 identification tag discrimnation

met hods | nCl udiga ol BraneraRbadient. (EbndheCthng ﬁea't%%aeqagakagg from
an electronic~device operating™wthin a SAWtag requency

i denti fyi ng &ymiem peot oélnFﬁrﬁeﬁi amdihs shBer pdeveeesi n t%@t@%aﬁreand (3)
effecting ComuuyeGathoBnbde 1hd rkféw%hwoeaggrwgcﬂi\?mlu leO@atdhus, the
present invention provides a nethod for opérating a SAWidentification tag
system in an @nh¥neoRfnEagsea’ TRk Yspgnal st bpgibehadnt Nathadsnaye

interfere gv th sLidRedt ke HARSH SSIAN AfaedfUkiBLEEHAJRREOBYBULREE 0T the
15 receipt of reflected responses to such interrogation pul Ses. The pr esent

i nvention al SPSFELRi L8 %e%ﬂwwwt heTreantheR F+FrmEhtanes REERent

el ectroni c deMigRRs WrihQlko indledikherhag We&hut:h%h@p%béﬁ:bgrﬂoﬁf §U@ﬁwdeV' ces.

For identification tag systems in a manner that does not
interfere with other devices.

10 Accordingly, what is needed in the art are methods to
operate and use a SAW identification tag system in an
environment with other signal generating electronic devices
and still reliably discriminate between multiple SAW tag

responses.



exanple, if a SAWidentification tag systemis used in a 20 grocery store
with an automati c door opening system operating within the I SM frequency
range, the nethods described herein permt the SAWtag systemto detect the
signals transmtted by the door opening systemand adjust its operation to
over cone awyp jong/@pdoer ence caused by the 25 door openi ngPGEEI289H02E9t he sane
token, the SAWtag identification systemcan be operated in the grocery
store w thout causing repeated opening and closing of the doors. In one
enbodi ment the null period is a frequency null and in another the nul
period is a tine null. Wien the SAW 30 identification tag system detects
conflicting signals, it can communicateduring a tinme null period when the
conflicting signal is not present, or, if a frequency null W) 2005/ 029698
PCT/ 1352004/ 029929 -6 is detfRfh@gy bReriy¥Shepmem¥byary its conmuni cation
frequency to operate on a non-conflicting frequency. Because of the

i nportance of being able to operate in the presence of other devices and not

interfere with sugl ;3HRYCahe | SbGROIdIRI - idRedi B iindike idwephion a
relatively | ow power setting for comunicating SAWtag information is

provi ded. | nPEABEher 28hbodi FBAt, BRAFINE t r diienddiosn bersvidgre uShY for

comuni catg 0R3eARENEAt 8RN JTBAL Rl mi At 1 Y &faltin@R sPL QY] @@snd Ofint BRe 10 SAW
identification tag systemto comunicate data information synchronous wth

at | east one®BPRELMERECt fbhi CetEHIET efmnBiIPRy a WRHING t KER™ hBRSAW t ag
frequency bandctkBnohe RRARA B ratiiig R cat ig i§a$)”£€r@(qﬁ@hé?d based
on tine while in another (it is synchronized based on 15 frequency.
band; (2) identifying a null period in a transmission
pattern in the signal; and (3) effecting communication of
10 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

15 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

20 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
gsignals transmitted by the door opening system and adjust
its operation to overcome any interference caused by the

25 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

30 1dentification tag system detects conflicting signals, it
can communicate during a time null period when the

conflicting signal is not present, or, if a fregquency null



Still another enbodi nent of the invention provides for a SAWidentification

tag wth at

| east two SAWtag identification nunber reflector groups

| ocated on its substrate. Al so |ocated on the substrate is a first error 20

checking reflector group dependent upon data contained in

| east two wagpeoosiexnsssf i cati on nunber reflector groups. PCHEEWMHA029929

error-checking reflector group is also |ocated on the substrate and
dependent upon data contained in at |east a renmining one of the at
two 25 tag identification nunber reflector groups. Still a third

error-checking reflector group on the substrate is
contained in the at
reflector group and the

one of the at

is
| east

dependent upon data
| east the remaining,one tag identification nunber
second error-checking reflector group. Yet another

30 embodi ment; OF e BAUY | dEAL] T LEALd PN dA0 RAS A 1PENCRIAmLALRALEShH! ect or
group on the substrate. [n a variation of the above, another enbodi me
t he inventiéﬁeﬁPGVFEeEOf@PeéagﬁMW1Ge@@ﬁfpeafibﬁF%%@ ﬁreﬁu¢ﬁﬂyfn WO
2005/ 029698 PCT/ Ua2R9¢5029828he -ifnd3@3hc@NS s t B8 hdleid itcaldgraREnbgr
reflector group |located on a substrate with a first error-checking
reflector gréhs PaegeRaenPrfupbhetatiavient Atbdatn iterdenceydthofdcChag
identificaji gavaualer refl eel@hedr OWBnodbhénembod mept hasyvang;sgcond
error-checking reflector group |located on the substrate that is dependent
upon data cofttdrfédely tiRY aPOWeRaSELbRRTt 6% FOMTHCALISY nMbeEadef | ect or

group and thenrbirhgt i8h! Ofs CRBGHINE, I ef I1eCt DhoHOMPemPBAL RERL eMRadi-AENt  des

for the SAWidentification ta

nt of

to al so have a 10 synchroni zing refl ector

group on the LGHSMigEaon| Rusets | axmdtanss toFpEaTHERLCREIPRe i nvention a SAW
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Another embodiment of the invention provides for the
SAW identification tag system to communicate data
information synchronous with at least one other electronic
device emanating a sigﬁal 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 reflector group on the substrate is
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



identification tag has a first reflector group located on a substrate with
reflectors that have substantially simlar first reflection
characteristics. A second group of 15 reflectors |ocated on the substrate
has substantially simlar second reflection characteristics. In another
enbodi ment wda dves/d2pevst refl ection characteristics and t hRCT/ER0eW3INEf | ecti on
characteristics are substantially simlar. 20 The foregoing has outlined,
rat her broadly, preferred and alternative features of the present invention
so that those skilled in the art nay better understand the detail ed
description of the invention that follows. Additional features of the

i nvention will be described hereinafter.25 that formthe subject of the
claims of the invention. Those skilled in the art should appreciate that

they can readiblky use dleidbach 8568 LANCRRLECN-Etk SROCIffp eBRQdLgENt as a
basis for designing or nodi fying other structures for carrying out the sane

purposes of PRea38WpPlesdit Wiklemt ifdnst ThesRr Hi99%dd g FefRechpr grOWPd al so

realize that gedehdeAti \@@NtaLQANSEEHELI QNS dA Role depantast! UL heagpirit
and scope of the invention in _its broadest form W) 2005/029698

PCT/ US2004/ 0296251 £1 82 BRTERUNESERF P ERF @F SRAEPDRAVINES 1o Teitel @ npl et e
under st and ng OfeddiR PELBEPIchddRAaRY | BEF1 s e@ﬁ@u;%s 1eRwreRded ochae
following 5 descrlgt ion taken_in conjunction wth he_accor_rpanﬁl ng

drawi ngs, inSHREERATE| BURE 18| feRRAGSH e IPLISARFRagOBF 2t RE: yBethgedt as an

RFID tag; least one tag identification number reflector group and the
first error-checking reflector group. Another embodiment
des for the SAW identification tag to also have a

10 synchronizing reflector group on the substrate.

In still another embodiment of the invention a SAW
identification tag has a first reflector group located on
a substrate with reflectors that have substantially similar
first reflection characteristics. A second group of

15 reflectors 1located on the substrate has substantially
similar second reflection characteristics. In another
embodiment, the first reflection characteristics and the
second reflection <characteristics are substantially
similar.

20 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

25 that form the subject of the claims of the invention.
Those skilled in the art should appreciate that they can
readily use the disclosed conception and specific
embodiment as a basis for designing or modifying other
structures for carrying out the same purposes of the

30 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.



FIGURE 2 illustrates a SAWidentification tag system 10 operating in an
envi ronnent where a wireless LAN device and a mcrowave oven are generating
frequencies within the same |SM frequency range of the SAWtag system
FIGURE 3 illustrates a representative enbodi nent of a SAWtag show ng the
| ayout of wo2604/kew@s pl atformwith 15 groups of refl ectRUT/UBHIRVES on t he
substrate; FIGURE 4 illustrates a SAWtag platformusing a "nested" error
check protocol; and FIGURE 5 illustrates a SAWtag substrate with multiple
reflector groups having multiple reflectors in each group. WO 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 enbodinment provides for a reader antenna 105 that transmts a
radio frequency (RF) i nt@yB0aEseRTsreBA! of i HieuRiNessi gnal 110 is
received by an antenna 115 on the tag 100 and excites a transducer 120
| ocated on a piezoelectric substrate 130 so that it produces an initial
acoustic pulse 10,144 Asrihediihdl 68Ul rdifige kA0 ARV Gedloupt the
surface 135 of the substrate 130, it encounters retlectors 150 | ocated
t her eon, caubPYRPELTef | tafiesiener a isor ricwh ofadet heq nithal FeblEting pul se
140. Thisgrefdect 8ok RIH S€aksn her ebdhfaldiad A {LSPORSR agoMShbMmPUlse 160.
15 A feature_of the illustrated enbodinment is that a plurality "of
reflectors 1%50RA®EISr rlany&dchn the substrate 130 according to tine and
phase position topyded 1ai10hdEahity QfsAesRense e_ﬁe%g?é BEégess B8P, Wien
u

the transducer 120 receives these response acoustic pul ses 160,
RFID tag;

FIGURE 2 illustrates a SAW identification tag system
10 operating in an environment where a wireless LAN device and
a microwave oven are generating frequencies 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
15 groups of reflector locations on the substrate;
FIGURE 4 illustrates 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.



20 an RF response signal 170 is generated that is transmtted through the

antenna 115 to be detected by a reader antenna 105. The SAWtag reader (not
illustrated) then determnes the identifier in view of predefined t
phase and anplitude paraneters detected in the response acoustic 2
160. RFI D wapmos/meBudi ng SAWtags 100, operate w thi n PEBEUSI0ALS2P |
scientific and nedical (I1SM frequency band. In the United States,
band is 80 MHz wide with a range of 2.40 to 2.483 GHz. Because this
used for other 30 applications, principally wireless |ocal area networks
(LANs) and Bl uetoothtm w rel ess transcei vers, SAWtags nust be desi
operate in the presence of, and not undyy interfere with, these
applications. Although SAWtags 100 WD 2005/ 029698 PCTI US2004/ 029929

may be designed to operate Wt hjgragrkbmbigerfseEBIENCY band, such as
of bandw dth, SAWtags 100, thenselves, wll support, and can operate

Wi t hin,

t he

5 sane envirQpeepliAg ﬂsif@ﬁralqe,pltbcaﬁéﬁﬁé Al & ORESAtRG Ysi B9sak

| SM frequency band, the possibility of frequency interference is pr
Oper ati on i ntBAelP8\vrBakfet RyBe wed aean RRIDSARLt-agFheod lanatsavedag

readers be aBh@oh9meARESALE M bR AN-&Hd QREBALa WSS & HM e-hataies exists.
It 10 is also inportant that the operation of a SAW identification tag

syst em not
to Fl GURE 2, giiyhst £ abeds ixece iSAW vy oantddisatl 0nst 39 Bystay 200 aperating

in an environnment
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i At &PPPe TRieAeBEHe{RFAppREEFPEMEL O $HEnaIsM Hand. TherRFng now

excites a transducer 120 located on a piezoelectric
substrate 130 so that it produces an initial acoustic pulse
140. As the initial acoustic pulse 140 moves down the
surface 135 of the gubstrate 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 1local 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

i me,

5 pul ses

al ,

this
band is

ghed to

-10
40 MHz

a w der bandw dth. Because SAWtags 100 are frequently used within

he same
esent .

15 where a_wreless LAN device 210 and a m crowave oven
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are operating within the same | SMfrequency range. Coupled to the SAWtag
reader 205 is a detection nodule 206 that detects the signals 211, 216
emanating fromthe wreless LAN device 210 and the m crowave oven 215. The
20 detection nodul e 205 al so detects and identifies a null period 221 in

t he transnmwasos0e8t ern 220 of the wirel ess LAN devi ceCRufoednetoszhe

m crowave oven 215. The null period 221 may be either a tinme null period
221 when no signal 211, 216 is transmitted, or it nay be a frequency nul
25 period where a frequency within the ISMband is identified where no
signal is being transmtted. The SAWtag reader 205 uses this information

to effect a communi cation of informati by either communi cating when the
conflicting signal 211, 216 is not transmtted, or it can change to a 30
nul |- frequengy gha@sf\él@ed ¥ pasos and dise 5@1@{&9 -9 paARuNi cate.
For exanpl e, ¥ the & rea 05 detects a conflic |ng S|gnaf 211

froma LAN d@@pbeaalﬁp MHZ(9§nbﬁﬂﬂ?9®5102@®©839€ﬂlQEQOGKW@%Q@E@ wijl

synchroni ze idgy e@%raghancaﬁ & éwwtma of {08etADndipdGe 210 and becone
active only durln% peri ods of device 210 inactivity. In the case of the
gc

m crowave oven auﬁﬁcﬁAwyﬁﬁealﬂ9ooaé¢a€§§qupﬂhlzow@adtylépéme§hanth 85

mllisecond RRkcOAsyvotohRakt | ¥d tatﬂéieagﬁW&étgléﬁ@d@fe mr&a@l@ahglﬂgt hin the
periods of inactivity. A SAWtag reader 205 only needs a few m croSeconds

to transmit &me FaMer ASYafreAuUSREYiaPand0 iR mhﬁéws@énééeaéeagm c

pul ses 160, whirehrBeEALES ikt phr@sbhBNSNMobeREi b8adn MBAY 18MSbaAa! shukt hin
such 8 mllisecond inactive period. Another characteristic of a m crowave
oven 215 is FHéFatFSt§B?Ea§A tags 100 and SAW tag readers be able to

operate within an environment where interference exists. It
10 is also important that the operation of a SAW
identification tag system not interfere with other
applications in the ISM band.
Turning now to FIGURE 2, 1llustrated 1is a SAW
identification tag system 200 operating in an environment
15 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
wireless LAN device 210 and the microwave oven 215. The
20 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
25 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
30 null frequency within the ISM range and use that frequency
to communicate.
For example, 1f the SAW tag reader 205 detects a

conflicting signal 211 from a LAN device 210, it can



operates within relatively narrow bands of energy that are swept across the
| SM band during the 8 mllisecond activity period. A SAWtag reader 205 can
detect the narrowband of 15 energy and avoid those bands while neasuring SAW
tag responses at other frequencies, even while the Mcrowave oven 215 is
active. | nWO WPHIWEB fashi on, other applications such BST/HF0M/BEER | ANs and
Bl uetooth have significant inactivity times and use only a portion of the
20 total |1SM frequency band when they are active. As nentioned above a SAW
tag reader 205 can sense the inactive frequency bands and inactive tine
intervals to ensure reliability of SAWtag reads while sinultaneously
preventing intrusion into other |SMapp{ications. 25 Wile operating in an
envi ronnment where other devices are present, such as a wireless LAN device

210, it is igfpentaRtzé hak st e SAWIRD BysStam 28atidmt gEf e Wil  such
device. To avoid generating undo interference, a SAW tag reader 205 can be

desi gned to GEN&FEtL é1PePEG RASPICORIE VEoWEL YWidHF W PRHGRAS Rfr 4N
pul ses. The gewbtaabionifict VW povern aHd heet BULsk miRkbRsSvENaieni N nost

instances, a_SAWtag reader wll not inpair_w.reless LAN devices or
Bl uet oot ht" ZPpF i E’gﬁgan@’pm 5‘?2?2”9’6@?#@?}1&?%0 P5Yosveles 191 e e a SAW

tag readers 2@ 11$s666x%d SheAfodd t B anpideiviewne sawhtas aediisel €ss LAN
devi ce 210, the SAWt . reader 205.can_al so _he.,synchyoni zed so that it
cffects  comPRFEAEI GICH i BARLPY Too Bient oHous WA'h PRe 8™ debnal
emanati ng fremst hendevi aeedthi & syrehr adczateoondéan tbe byahbme; farquency
or both. The ShW1ag.eYs!eni299:9900 2 5% Pe.0Arced. 38 Lhet ahgp the SAW
tag reader 20%
pulses 160, which permits it to transmit and read many
10 signals within such 8 millisecond inactive period. Another
characteristic of a microwave 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
15 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
20 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.
25 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
30 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.



detects the presence of another system such as a wireless LAN device 210,
it interoperates with such systemand is 10 totally conpatible with such
device's access protocols. Turning nowto FIGURE 3, illustrated is a
representative enbodi mrent of a SAWtag 100 showing the |ayout of a SAWtag
pl at f or m 3000 wios/eogesoups 310 of reflector |ocations onpChesmubebsnate. In
the illustrated 15 | ayout 300, a preanble 320 precedes data groups 310 and
provi des for functions such as frane and phase synchronization as well as
provi di ng data space for SAWtag version information. The groups 310 are
separated by tinme values 315 (labeled tl through t8). Each tine value 315
20 interval represents the tine between Ehe center of the last reflector
position in one group 310 to the center of the first reflector position of

the next group 31fneF ditelipldeobonsltoyns B0.060 SaRP3ARLCHnoThLS

represents a generic SAWta atform 3 asic It encoding
structure. Seeviee tSrVé!hgrQﬁlp@ med@rs@e;imhyqie)weaa%%odré@ WA etagher

groups 310 angaused Joar osynefsonkeatdonant peackeChanhi ng. LRebbEsi nst ant

case, group 311 thru an udi n 14 are used to enco ayl oad
data or SAW tcé?gmuééﬁﬁiiwléaﬂ%ﬁ rﬂmﬁéfﬂ oFa?tQa 1por symchrepeses withexphanati on,

assunme a G4- hyj Qréiﬁéni)@:yﬂgé)@@ompl:ﬁéf@éﬂdé UsRds V4 #&ﬁf&ﬁlzﬁ@i‘ @adagroups,
Payl oadO 311, 1 312, S2 313 and E3.314. Goup 3 is the synchronization

group and t h&eb¥ofiBfeck LY & PRED- 318he FRAW 80 AYFOAD 2005029698
PCT/ US2004/ 029229 be 13nE&3c8d 8 soThen®X r ghefhadle SEAWCEY ge et begsherein

i nvol ves two useful concepts: error check separation an erraor check
nesti ng. Thuéietli"é@s?)%ep?é??%ﬁrh%e &t @PPbheghgrgtem, such as a wireless

LAN device 210, it interoperates with such system and is
10 totally compatible with such device'’s access protocols.
Turning now to FIGURE 3, illustrated 18 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
15 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 tg). Each time value 315
20 interval represents the time between the center of the last
reflector position in one group 310 to the center of the
first reflector position of the next group 310.
Eight reflector groups 310 are represented. This
represents a generic SAW tag platform 300 with a basic
25 128-bit encoding structure. Some of the groups 310 convey
payload data codes while other groups 310 are used for
synchronization and error checking. 1In the instant case,
group 311 thru and including group 314 are used to encode
payload data or SAW tag identification number data. For
30 purposes of explanation, assume a 64-bit format payload
platform is used with four payload groups, Payload0 311, S1
312, 82 313 and S3 314. Group 315 i1s the synchronization
group and the error check groups are ECO 316, ECl 317 and



on different data than EClL 317 and EC2 318 and is, thus, 5 totally separate
fromECL 317 and EC2 318. The use of separate error checks facilitates
manuf acturi ng processes by allow ng shared use of ECO dependent masks with
mul tiple mask sets designed for different higher order data fields (e.g.
di fferent memgse9emsd object fields). ECL 317 and 10 ECPcBUSo04m2992be ot her
hand, are nested. EC2 318 perforns an error check of the sane data as ECl
317 and on EM 317 as well. Thus, the conbination of EClL 317 and EC2 318 is,
in effect, a formof a 32-bit error check. The nested design is nore
flexible than a conventional 32-bit error 15 check because EC1L 317 can be
used strictly for code space separatlo? (i.e. processing gain) while EC2
318 is used strictly for error checklng In applications wherein the

Processing 98k | 814NneRessakorl NeyEk B2y, Sl 0ThRA hopegan b

used for 32-bit error eckin resent 1 nvention provi
one enbodi minveolies &WSAWSE@GM fcbheapton eagonochehlat spparation easd two tag

identificatlgggggnpg ? rgpd fﬁﬁée%&ﬁf31%r g9§o%@%0 4 Rayl opdQ. 311, S1

312, S2 313 ocated on 1ts substr ocated on the
substrate |soz5dafﬁer§ntedaéa theekERY 3e7| andoECYrabp eEdOLsicyhupat is

dependent LupeRrdaty caRkaheed diBnonRI0lhendd begstibuo #R0 hentili cation

nunber reflector gfoups 311-14, case 314. A second
error - checki ﬁgplaéﬁl:@cﬁé?fo@r ghﬁclwdacglmaq@ amawfla@@wréagoﬁrpﬁess‘aﬁst rate

and is d6penﬂﬁnélyBQﬂn§QﬂQﬁk%.ﬁget@fﬁ§ﬂ>H%p@ﬁ@éhégmégﬁﬁkhﬁﬂﬁﬁh&@@pﬂé”ber
refl ector groug_e Payl 0adO 311, S1 312 and 313. Wile still third
ﬁ

error - checki F§SKeFEEEt 8RS 4PBED %?KZﬁ%ﬁﬁﬁrQﬂ¢ @H@he§u@§@ﬁ§téaF§ ééﬁéﬁﬁent upon
data containqd gn 'herateheaghn¥br 20984028688 PETL1HE2004/ §2D9297 and

10 EC2 318, on the other hand, are nested. EC2 318 performs
an error check of the same data as ECl 317 and on ECl1 317
as well. Thus, the combination of EC1 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

15 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 1s unnecessary, the ECI/EC2 317, 318
combination can be used for 32-bit error checking.

20 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

25 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

30 data contained in SAW tag identification number reflector
groups Payload0 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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-14 remaining one tag identification nunber reflector group (PayloadO 311,
S1 312 and S2 313) and EC 1 317, the second error-checking reflector group.
Referring nowto FIGURE 4, illustrated is a SAWtag 5 platform 400 using a
"nested" error check protocol. The SAWtag platform 400 has at | east one
tag i denti wiocavi/@pessnunber reflector group 410 | ocat ed REIVHS290MI80RAt e. A
first error-checking reflector group 411 is dependent upon data contai ned
in the at least one tag identification nunber 10 reflector group 410. A
second error-checking reflector group 412 is |located on the substrate that
i s dependent upon data contained in the at |east one tag identification
nunmber reflector group 410 and the firs{serror-checking reflector group

411. 15 Referring nowto FIGURE 5, illustrated is a SAWtag substrate 500
with nmultipl @eﬁﬁih@ﬁ@orongroi@ ﬁé@nﬁ'@ﬁ&dﬂloﬁmﬁdrﬁ@r redf pEdiss §28upn each
group 510. In_the interest

encodlng nultl e data bits with a snall
0

number of SAWPaY&PRERt3bhs,SHatld i2&9%eReoded) u%‘ilcﬁfcplj'{ Sd 'posPEi BRSO Because

20 aIIowablee@gbgecggékih@nﬁeﬁmétﬂagrgrbupely spaced than the wdth of an
interrogation puls u se gosition is _difficult to scern using only tine

of arrival detect?ﬁﬁe TN 2PBnEP BTERE nt nat 1 brE R nliu?s%% 3Qchi eved
by encodisngpdetferantopulsengosi ‘L“héﬁﬁewtérﬂbff@hédﬂﬁ pebtecs rd Zﬁh@hases
To LIS, Snd gRHCReRsle BLRA R cRIo i houSicEeTle LoeLeqEts of o
phase of zer @ud\egfeféflécbmjewow@ pmbsboqued ioPna sabe: encoded Witbt
success ve MiLLED! e80k L0, PIRSS: & Proud” A1 NV NGRL2880R" o
contained in the at least one tag identification number

10 reflector group 410. A second error-checking reflector
group 412 is 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.

15 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

20 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

25 phases. To this end, successive pulses are encoded with
successive increments of a phase step.

Assuming 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.

30 Although the phase of a particular reflector 520 1is
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



i ndependent of other active reflectors 520, the actual phase of a
particul ar

520 preceding it. An inportant WO 2005/ 029698 PCT/ US2004/ 029929 -15

consideration in designing a SAWtag is to mnimze the
phase of awms/e9b8r pul se on the

reflector 520 is dependent on the nunber of active reflectors

SN S RS

dependence of the
presence or absencePOf/URI4/20928 pul ses.

This dependence is mnimzed by making all reflectors in a group identical.

5 Thus,

one enbodi nent .of the present invention provides for a SAWtag

substrate that has a first group 511 of reflectors 520 |ocated on a

substrate with all the reflectors 520 in such first group 511 having

substantially simlar first reflection,gharacteristics. A second group 10
reflectors 520 | ocated on the SAWtag substrate 500 also has

substant al | ycaisihban:36R0AH IRIiGHI0ONa SN ARLTSTEESmi hin2BOt bR

512 of

enbodi

nment,

the first reflection™c

cteristics and the second refl ection

char act eri st idepeagensabsifanthgl IBhafen phr 2 1BaTHi S @ oRABAtL 95 GBeful in

that the starlB@nBhase aPiefcsidNYer9busUBSEMENITIN SR IrSchRECR
which particular reflectors are active in preceding groups. Use_o

gndent of
f

i dentical, oMipdEirgdi BEnPREERY 36} Iefl6r§05801BeR 0950 49T € adr-oups 510

is also beneficialhiB, thad dribderiadueess %@@Ebﬁeﬁ@ti&ﬁ%rﬁﬂ&??
anplitudes than later. return pul ses. Stronger anplitude early fulses are
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similar first reflection characteristics. A second group
512 of reflectors 520 located on the SAW tag substrate 500
also has substantially similar second reflection
characteristics. fn 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 gingle isolated start-of-tag pulse, the effects of the

up 510



about 100 nanoseconds in front of the first slot in the first data carrying
reflector group 510 can be used to enhance data synchroni zation and to
nmeasure multi-path 30 reflections in the reading environment. Once the

mul ti-path has been characterized by observing the tag response of this
si ngl e i sove mds/eeast - of -t ag pul se, the effects of the POI/2ODBH/@IDPEO8

PCT/ US2004/ 029929 -16 multi-path can be renoved in subsequent data
detection processes. Also shown is an end-of-tag reflector 540 | ocated
after the |l ast active data group 510. The end-of-tag 5 reflector 540
produces an output pulse at a fixed tine of a predeterm ned nunber of slots
and is |located after the |ast slot pogE%Lon of the last data group 510. In
addition to using the direct reflection of the end-of-tag reflector 540

for additiongl,18¥npRERANIZAL | 98 gatne@agt ifisam sis kANt 55 P4 83+ Lo Ysgf Ul

tertiary reflections involving data reflectors nhear the end of the SAWtag.
The additi on®@ToceéBBFn fromthe end-of-tag refl ector enhances the SAWt ag

reader’s ability hosdetfdyd NesaGRUSEIAL H-GRY FEtIWdbord P! ticedkan! y
useful feature because the first reflections™5 fromthe refl ectors near the

end of the SARtEEg SiPstiegte 2GFEVe ypRcal | §rPPRwerln affti ttrde ofhhag

reflections frgmebher €abl ¥yroghtest o Sourpuradflilldeonal sadvarbagemal o@n
end-of-tag reflector is, its use in relatively short SAWtags. A SAWtag
with two 20 d&ALIGESEPSneanHEReY hef endil s 3y ret I1Q%36eG REtPEULEE t he

Sync code and il @l c€OpbECt ity sPdaR 1Hae §§§Qr%?€51yp gesponsesdetibhe
information tags provide a tinme-reflected synchronization S|%nal and,
because of tR&® P@aaﬁdghﬁydlrect reflection of "the end-of-tag retflector

540 for additional synchronization information, it

10 contributes to useful tertiary reflections involving data
reflectors near the end of the SAW tag. The additional
return from the end-of-tag reflector enhances the SAW tag
reader’'s ability to detect the acoustic signal return, a
particularly useful feature because the first reflections

15 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

20 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

25 confidence of valid SAW tag presence.

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

30 scope of the invention in its broadest form.



provide a formof a signal integrity check to add to the 25 confidence of
valid SAWtag presence. Al though the present invention has been described in
detail, those skilled in the art shoulyg understand that they can nake

vari ous changes, substitutions and alterations herein w thout departing
fromthe spirit and 30 scope of the invention in its broadest form 17

VWhat i s chghateslclhitnedlis: A nmet hod of communi cating surface acoustic wave (SAW
identification tag information, conprising: detecting a signal emanating
froman electronic device operating within a SAWtag frequency band;

identifying a nyldetR&S bRSmruricdtihd REAFAGSARUSRANARY BAVY) iaahtficalidngy: and
ef fecting communi cation of said information during said null period. 2. The
net hod as PfeEDatien. AMRISHI% 1 wherein said null period is a frequency null

period. 3.qeld@ndBisPE &fanftinb Rt dMerb@bdR dewdesirirgakithinbSawesd od is a
time null period. 4. A nethod of communi cating surface acoustic wave (SAW
i denti fi cdtaasanaykgndi nf ormati on to avoi d signal interference with another

devi ce op&gHiify; %angb&io]{dhﬁa%@gﬁemisfsroﬁ%ﬁ Wn%aie%igr%ﬁz{me!si ng: effecting

communi cation ‘of” sard I nformation using [ow power relative to said another
devi ce; cafferting comnaurieatiootdl aaid dnfarmation siuriagsaid not eemod.- n si gnal bursts. 5.
The nmethod as recited in claim4 further conprising utilizing frequency
shift to determine the timng of said signal bursts. 6. A nethod of

conmmuni cat 2ng SHw mgthedi si regiteidon clairg 1iwifeneinsaidow! petiogisi sirequencylatlect i ng at

| east one R%Qiggr signal emanating froman el ectronic device operating wthin
a SAWtag trequency band; and effecting comrunication of said information
synchronous with said at | east one ot her

3. The method as recited in claim 1 wherein said null period is a time null
period.

4 A method of communicating surface acoustic wave (SAW) identification tag
information to avoid signal interference with another device operating within the same
frequency band, comprising:
effecting communication of said information using low power relative to said another
device;

causing said effecting communication to occur in signal bursts.

5. The method as recited in claim 4 further comprising utilizing frequency shift

to determine the timing of said signal bursts.

6. A method of communicating SAW identification tag information, comprising:
detecting at least one other signal emanating from an electronic device operating
within a SAW tag frequency band; and
effecting communication of said information synchronous with said at least one other
signal such that said communication occurs during an interval when said at lest one

other signal is inactive.

7. The method as recited in 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.



signal such that said comuni cation occurs during an interval when said at

| est one other signal is inactive. 7. The nmethod as recited in claim®6
wherein said effecting conmunication ijg synchronous in tinme. 8. The nethod
as recited in claim6 wherein said effecting conmunication in synchronous
in frequency. 18 9. A SAWidentification tag, conprising: at |east tw tag
identification nunber reflector groups |ocated on a substrate; a first

error-checking reflector group |ocated on said substrate and dependent upon
data contaihed fPAYNeptificatipatag cPBRYSING'wo tag identification nunber

reflector Jyleadpmo ta@io@ﬂﬁmo@humbemﬂ%bwo%k@&é@bng@waré@pat ed on said
substrate and dependent upon data contained in at |east a renaining one of

said at | efgpt arigh-chagiingefestes ¢raup ngated anraid substraierand dapsngeNt URAY a t hi rd

error- Che%itd“&rﬁﬁﬁéc%gdhgtcﬁ l%Qu*dFét leiRtag RehRichtisn Rahbat Rfeker geasé?dent upon

data contained in sai east said remaining one tag identiTication nunber

refl ect or @ $ACONG CHACChesking seflestny geaupdecateden Faig skibstrate apd dgpengsnt 10. A SAW

i denti fi cafy - Ky WpTa ; : i L i feHroer

Fefl et o bR CaLEnRIPh at B3  RimaiiRg bnP et T R Bl ot 1 ect or
group | ocdwetbeprefiesiodgroupsitangt e, said at | east one synchronizing reflector
group bei g \ i . I i fi.cati nunber
et ect or By ShblHec FRAEIHor SR Bhoed B el Ul Al ahFBBbdERTIAT 0P hg
i denti fi catatacontaingkin saif dtdeasd saigrempiningcaedag wentficatits humber, refledtor st

error-chec i)u da'f"ﬁéési‘g?é 3‘9%}@;&2?&%@”?@%8&092%# substrate and dependent upon

data contaln ‘fication nunber reflector
group; and a second error-checking reflector group | ocated on said substrate

and dependent N, dat a. cont ai n in.said at | east one tag identification
nunber r eflel ct nga%rvgﬁd}ngﬂ%a?loéz?gd%srinpg?ﬁ%r ror-checking reflector group. 12. A
SAW i dent idtieast orantat ddgntificationinsimber refleétor group tawafedadn asybstagd; i ty of
reflectors_|ocated on a subst¥ate and havi 99 su%st%n{i al Iéz
at least one synchronizing retlector group located on said substrate, said at least one
synchronizing reflector group being a mirror image of said at least one tag

identification number reflector group.

11. A SAW identification tag, comprising:
at least one tag identification number reflector group located on a substrate;
a first error-checking reflector group located on said substrate and dependent upon
data contained in said at least one tag identification number reflector group; and
a second error-checking reflector group located on said substrate and dependent
upon data contained in said at least one tag identification number reflector group and
said first error-checking reflector group.

12. A SAW identification tag, comprising:
a first group of a plurality of reflectors located on a substrate and having substantially
similar first reflection characteristics; and
a second group of a plurality of reflectors located on said substrate having
substantially similar second reflection characteristics, said first reflection
characteristics and said second reflection characteristics being substantially similar.

13. A SAW identification tag, comprising:
a substrate having a group of reflectors located thereon; and
an end-of-tag reflector located to generate a reflected response to a SAW tag

interrogation signal after each reflector in said group of reflectors generates a



simlar first reflection characteristics; and a second group of a plurality
of reflectors |located on said substrate having substantially simlar second
reflection characteristics, said firstyreflection characteristics and said
second reflection characteristics being substantially simlar. 13. A SAW
identification tag, conprising: a substrate having a group of reflectors

| ocated t : C PSR 10 e a refl ected
response P%’(f g@g reé’d?ﬂsé'fl? %'&el}rfr?%"% 8 élhglngﬁéreiter gg%lblptagsleg‘{cﬁr in said
group of r@@@aubstgn@qékm"@ﬁé@ldantg@ogah@ﬂ|8@@abd response to said interrogation
signal, wherein said end-of-tag reflector reflects substantially all of
said i nterrogati on signal. 14. The SAWidentification tag as recited in

cl ai m 13 whér ei ThesSAWY identifioatiandgg as efdited inoelaigehewherein said end-ettagd

| nt er r ogat Lt o? GRSt ALNSAGEE Nl sy ali6T DGR thdt YeRErites b 8IBrRAI Ik | ectors.

from said reflectors.



