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The present invention is directed, in general, to a
system for determning an identifier on an
identification tag and, nore specifically, to a
transfer function system 10 for determ ning an
identifier on a surface acoustic wave (SAW
identification tag. BACKGROUND OF THE | NVENTI ON 15 To
address and overcone inherent existing limtations in
prior art radio frequency identification (RFID) tags
with respect to cost, data capacity and reliable
range, a new RFID tag technol ogy has been devel oped
This new technology utilizes surface acoustic wave
(SAW devices as 20 identification tags and is
described in detail in US. Patent Application Seri al
No. 10/024, 624, entitled "Surface Acoustic Wave
Identification Tag Havi ng Enhanced Data Content and
Met hods of Operation and Manufacture Thereof, "

Hart mann, Cdinton S. ("Hartmann One"), comonly

assi gned WD 2004/ 086322 PCT/ US2003/ 030692 -2 with the
i nvention and incorporated herein by 4" eTr,e nc The
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S|nultaneous hase and tine shift nmodulation is

desCriHEEFEER R £t ISURFAGCES AGRUSTRC A E ERENSH BEGATION

No. 10/062, 8 by Bh d
Time Shift KgangNgﬂgE&Egshogbegh%§b9ﬁg ?HE giﬁEan

Hartmann, Cinton S. (Hartnann- Two), also connDnIy
assigned wth Lhe. LoMept LOR ANde wur INVENTTON

The present invention is directed, in general, to a
system for determining an identifier on an identification
tag and, more specifically, to a transfer function system
for determining an identifier on a surface acoustic wave

(SAW) identification tag.
BACKGROUND OF THE INVENTION

To address and overcome inherent existing limitations
in prior art radio frequency identification (RFID) tags
with respect to cost, data capacity and reliable range, a
new RFID tag technology has been developed. This new
technology utilizes surface acoustic wave (SAW) devices as
identification tags and is described in detail in U.S.
Patent Application Serial No. 10/024,624, entitled “Surface
Acoustic Wave Identification Tag Having Enhanced Data
Content and Methods of Operation and Manufacture Thereof,”

Hartmann, Clinton S. (“Hartmann One”), commonly assigned
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shift nodulation is described in detail in US
Patent Application Serial No. 10/062,894, entitled
"Modul ation by Conbi ned Ml ti?-pul se per Group with

Si mul tapeous Phase and Tine Shift Keying and Method
of 1 ERi ﬁg‘et HeWVSate.on Had nRACTRSTEF At 8/TSIN by “"’fé’ﬂ!f‘@fm,f.}?g\
(taet peancTpres) ucdls ¢ S unmly @ssh 9880 st B odde nvo1ving

i nvention and incorporated herein by reference.” .
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[ ification 30 c e encoded with a |arge ,
R T R A% e dl W e o s gt ion by
el 1 e e DaneEs avi g Glﬁﬁ.tpaivnitﬁ{ @ﬂrﬁﬂrﬂaﬁle?ﬁ&g@{ase and
de (EP! ecj ficatjans, i uch tags are to be
B s B HA Mhnadd of (ot ahq Gamsor grapann,
ideniidy he (Hagthbam-ahtics)Inca ds E6AHLAEY a¥WBigned with
e

04/ 086322 PCT/ US2003/ 030692 -3 The problemcan™b
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Additional pertinent information regarding SAW
identification tags and SAW identification tag readers is
set forth in detail in U.S. Patent Application Serial No.
10/066,249, entitled “Reader for a High Information
Capacity Saw Identification Tag and Method of Use Thereof,”
Hartmann, Clinton S. (“Hartmann Four”), 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 the data that, when
decoded, identifies the tag and any object with which the
tag is associated. A SAW device used as an identification
tag can be encoded with a large amount of data. When
encoded with 64 or 96 bits of data, in accordance with
certain electronic product code (EPC) specifications, if
such tags are to be useful, a reliable system and procedure

to accurately identify the tag from a distance is required.



a user that has a | arge nunber of objects, each with
its own unique identification tag. In order to
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objects, the user 5 will send an interrogation signa
to be sinultaneously received by a tag on each of the
obj ects. When each responds-Bo the interrogation
signal, there will be a large quantity of data from
whi ch The Brghakmf cam Resrgite UPAGTShESA e itdud atanbext of
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SAW identification tag that can be readily decoded to

identify the object with which it is associated.
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by decoding the RF response signal in view of

predefined time, phase and anplitude paraneters. The

present invention thus providéds a systemfor

determining the unique identifier encoded on a SAW 20

identification tagSUMMARYYQF cPHE akEEERTVONt age of

certain known characteristics of SAWtags, which are

passi ve devices, to produce characteristically

pr edi cTablegldreagpotises abloer -eXccteddly daficiencies of the
i gnal_. Because_ the interro [

interrogat,ion si tion
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reflectors | ocat t,he SAW.t ag,, an analysis of this
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SAW tag characteristics that gre transferred to the

SBOT il G A SPgnal =afhigs, heuateert Rer) interrogation

chagagl echst | 65udds dherdmd@icOfat b &l 58 ASidI M bctric
t he possible SAWtag responses to an interrogation
pEifRethrkeal €8 KEIRECe hid plrtiia} nPereplets f iRulspy that

tagrieche i denti bired sbagadranidy tiaNstirctors  arranged
information to the interrogation signal by the 35 SAW
t AGCOVBL PY0RLOEE T2 AMCT/RISFFO PO3UBOPN OB theomaibstrate to

epboth mBakp8hsbhecbnuenti g skhe %%eiﬂ?éﬂé&ﬂﬁ%ﬁéﬁb%ﬁrating
signal has a carrier frequency of about 2.44 i

cdlr BB, raspossifers il ekram eglienegspanske agsatand pulses;
sthy! B8 “ﬁégégmﬁﬁ§n§nt e@d%%%ﬁ%i%&'gﬂg SE 'HEP the RF
invention. In a particularly useful and versatile

response signal in view of predefined time, phase and
amplitude parameters.

The present invention thus provides a system for
determining the unique identifier encoded on a SAW
identification tag. The system takes advantage of certain
known characteristics of SAW tags, which are passive
devices, to produce characteristically predictable
responses when excited by an interrogation signal. Because
the interrogation signal includes certain predetermined
characteristics that will be affected predictably by
reflectors located on the SAW tag, an analysis of this
reflected response gignal reveals the SAW tag's
configuration. That is, the response signal includes SAW
tag characteristics that are transferred to the
interrogation signal. Thus, because the characteristics of
the interrogation pulse are known, the possible SAW tag
responses to an interrogation pulse are also known; thus
permitting a specific SAW tag to be identified based on a
transfer of information to the interrogation signal by the

SAW tag.
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groups to be located on the substrate. Yet another

aspect provides for a group to 10 be nmade up of 21
reflector locations with two T%flectors arranged

therein separated fromeach other by a mninumof ten

refl ecdr |veati 6APCALAesE| | |Oanother abpéentiohe the RF
958YB,LBoGOTD §§%n9§. hEsr &f &g%%rsk%%{l{%ﬁé%' 8RS MLLE 2.44
a S|nglg reflector arranged therein. 15 I'n One

effadi @Entowfse heary AT faurticen fgeayssiayf can be used and

r eetor. lo ions are | t bstrate. A
(SEIER! Pbel OFALLAN R | AHAMAN, DEAONE X fho” present
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t ] th e di e-inhventj.on, nipete
ol e e o g d T raPL & el Mot e ector
t botdRibntsonf tHat aubstbeteencodedaspetheof this embodiment

i denti.f.icatdion ta The, for egoi ng, has outl i_ne

DPEPR e et d b FRar PR dBk, B e ocated on
I bizensubatsatehat yehosaoskel| eagdpeat ph@vaﬂéﬁnﬁyrbﬁtgﬁbup to
under st.and t he_ det ai | description of 25 e

R hRbEn e, (2 PrnE e REaP T 1BhaR pBE: Shed grq reeflectors
| aveahbed whekebf deparbbed heomi sathepthbat b o8 MiRemum of
S bLect f the c#ains.of t he inven%hﬁg. Those skill ed

iﬁe He y2

CtHoul 9Cappreer at el Fn&t Bt PEadisppct . the
ugeotife isdicetinse’ T Breps | pafandrspeaibicC 1RadidmNtyith a
as . a Easis aor 30 designing or nodifying other
sBrBgt6r 8L L6FTREr AYFAGI6H: ERER81Bame pur poses of the

presentni Brentdnbdithase sKi thedsykhehhe drreheyl oups of
al so_realize that, such equival ent’ constructions do
nBEL4BEEPY RTINS pPEFt kORRSRJpeTofthe heubstrate. A

iﬁ&SEﬁhoﬁeayﬁkgogﬂ/9§§§23mﬁgalﬁgggo§éO@Qégzup to 80 bits of

data can be encoded on the identification tag. In another
embodiment of the invention, nineteen groups are located on
the substrate, permitting up to 112 bits of data to be
encoded on the identification tag.

The foregoing has outlined 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 use 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.



-6 BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore
conpl ete understandi ng of the present invention,
WO edoafggsee i s now nmade to the following 5 deseeT/ps1005630692
taken in conjunction with the acconpanyi ng draw ngs,
in which: FIGURE 1 illustrates a surface acoustic wave
(SAW tag typical of a type-fhat can be used as a
radio frequency identification (RFID) tag; 10 FlI GURE
2 illustrat esBRIEEpPESERIBRTIION PEyFTHE BRAWANGS
enbodi nent of a SAWtag utilizing fourteen groups of
reflector locations on the substrate to encode up to
80 biFsrofa dabvaep acompl &URE thdddaistirditres @f the present
representative Layout of .an 15 enbodi mept of .a S .
t]a’gvﬁ?tfjr??i ngrﬁflfﬁ\éFE‘éﬁ griSupd Dt PaFF ectBr It&?atéc%slowmg
5 ofledédeistbsis ataeken entodenypnteidh? wiid sthe dadddmpdying
2004/ 086322, PCT/ US2003/ 030692 -7 DETAI LED DESCRI PTI ON
HHRPY i Hr Y Y to FIGURE 1, illustrated is a
sur f aceI@URREIST iiQ MMt bagfite hypisshlcofatde(saw) tag
type, 5 that can be uged as a radio frequency _.
i $31 c8Fi 6n TR9G P agCaRnES USRS r3f efl EREGG grRauency

Pf QyvhiElesi ¢HFidn r eaeles) @i enna 105 that transmits a
radi o fre{ggency (RF) interrogation signal 110. The RF

10 gj gnal FAGURE s 2y dleiUrddraies af aFPERSENERS 11 thavewy of an
10 santhexei tes a tgmsot.tl%r w49 i34 Jocabedt@Bnad groups of

pi ezoel ectric substrate so that it produces an
i FrfleftaeolscrEipapse@m 4die AsubRbrahet tel enmslstie to 80

po s JAO0qqpyes,down the surface 135 of the

FIGURE 3 illustrates a representative layout of an

15 embodiment of a SAW tag utilizing nineteen groups of

reflector locations on the substrate to encode up to 112
bits of data.



substrate 130, it encounters reflectors 150 | ocated
t hereon, causing a reflection of a portion of the
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called a response acoustic pulse 160 herein. A

feature of the illustrated enbodinent is that a

plurality of reflectors 150 are arranged on the

substrate 130 according to tine and phase position to
yield a 20 pIural|tyDETA¥%§BoﬂE§C&§Bﬂ§@NC pul ses. 160.

When the transducer 120 receives these response

acoustic pulses 160, an RF response signal 170 is

gener aReflerhangi sintiraimshiyt t 6d EHF@REh 1, hel Anismacdd5is a

t t ad t 5.. The_reader
0P SELALL SRR S IO OB e cype
dekati bad bersad tae aeredmbnérEQHendgnidém@ifi@auiémw(RFID)

G L M W L T

Cted e respo se” AtouS
paasennasyswsmtﬂhatckﬁramﬁmfﬂsldentmﬁﬁeb eﬁ@@@méndy1 (RF)

Wta 00 by.its. " nsfer ction"; that is, the
ST Ehaer e viarRL Hifer M 618 BRa LA b Seqpuved by
|anuhBEenﬂspbnseomOtlﬁé‘leté@tEmm omcﬂf | ¥c St gnad . t:!c'%{;kdnhé&r 120
100 |ts ansfer fu ctlon approach is an ,
TP R et ROGSS0S e € CBRNFERGe 100 oPe that it
p@ﬁsdueedemhcmmﬁﬂﬁal seagitio pudseeflsect ensrgvet Mdtitial
is derived fromthe 35 inpinging signal. Because

i YSALPFFEr SAtotRd Gy tHRVAWIMABL00? 0g5F2ace 135 of the

PEIH&E2008/ 080692 it8 LagolP@eh® UHFUR-HNS re_LSEanSRcated
s nal 170 will| also be_ unique and the data encode

PEBI caf®BBLDAi uEr legeiernPied Bo¥ddosn athehe initial

té@@@é@icf QtdeOn 06 . t heriSAW tage1 Qg TEH§se' tid Schh€eg a
transfer of SAWtag 100 features to 5 t

|ﬁ%%P?%@%t?%%u§Fb%aPul§© 1@ﬁ|%ﬁr¢é@tures appear in the
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 reader (not illustrated) then utilizes the
system described herein to determine the identifier in view
of predefined time, phase and amplitude parameters detected
in the response acoustic pulses 160.

The present system thus defines an identifier encoded
on a SAW tag 100 by its “transfer function”; that is, the
signal received is determined by the SAW tag’s 100 impulse
response to the interrogation signal. Defining a SAW tag
100 by its transfer function approach is an appropriate
methodology because SAW tags 100 are passive devices that
react to and reflect energy that is derived from the

impinging signal. Because identifier encoded on the SAW



RF response signal 170 pattern that defines the code
enbedded on a SAWidentification tag 100. The

wetdososaery of using a transfer function nethpdDUSIYY3/030692

10

15

20

25

30

35

to define a SAWtag 100 response is evident 10 when
contrasted with the nore usual "air interface”

met hodol ogy for defining a sidhal response. Wth air
interface nmethodol ogy a signal is defined w thout

r 6Rar divde is ounigher the s@flianPorsiespbndi’gwill also be

deyi: : ixch,j i C ' t }ﬁg%g evj_ces.are

a§¥F§g§ I%ﬁghet%gséé%?é1%£§%§$$gggz1 O,Iﬂo&ﬁg%rF%usP%bquely
afetemmenkdc darstchontol tyy tvangdéeérnéuscygnahs afoullts $AW tag
n Ssi al I I e anal ysd ag. s
1388éffg%Psén§$héE?#?%?f%gg%|on (ééé%a '%%g %@%ﬁ% %t%?es to
SAlet agtezrpgssive andnehl §1Pespbndh feéatarsigapbear in the

St s, the wusyal, si | _processin 0 net hods
rgF%%E%%ggﬁ 195 e 1?] gcep%gg?gﬁch&?%‘% é%ﬁ%ﬁ)ﬁ’?g Igg‘e code
SambeddedOonwaulcdwr edente ftikettivansber 10oncti on to be

enbedd in the definition of the interrggatiaon sigpal
110 aggﬁelIeggl?h%n%%nc6%itaﬁ?lP%spé%se%gﬁﬁﬁgﬁrl70£un0tlon
Aneahbdbiibgyf ace d@fh@eﬂohomwmdg? be% i m@%bb@?ggtisi Nevident
25. describin he specjfication of a SAWta , .
bgggﬂsecPPLraﬁgﬁg s&?%b tBﬁﬁvewggﬁecFﬁﬁa hegﬁ%§en%?%?rface
r aquhoaoebByy ébﬁfn@ewifggkﬁra!dﬁﬂ%&iﬂC%bbg?naégposﬂith_ air
Specifying a SAW ta by its transfer function
ngﬁ?FﬁaF%emﬁg o@?iggyv%u§¥ﬁﬂﬁ¥ﬁi%aﬂﬁﬁéﬁ@ﬁe@lFHOUt reference

desi g8t H1ge:SAMHAds eRaATRE S JieCasBoRBihBer&evcd®, which is
I'nitatkon on the type of interrogation signal 110

t haf1eah BE hod WU tIRVERPS PEAI 2€bAYErai A Bdingrase of
t bak thesi nberr egalever:, sigialy %E}'Eﬁﬂefﬁﬁgetﬁgihodology to
appropriate "~ governnmental mandated em ssion _
régbireneftgnalet haulfi s Pronserasaity anyasegnare@aire an
bentsgdi Ehak Wikl SRHOYYEL A 13 TEHRANS &SRl 1 1 rogation
with sufficient informafion to detect

signal 110 because a SAW tag is passive and only responds
to a signal stimulus. Thus, the usual signal processing
methods relying on an air interface approach for defining
a SAW tag 100 would require the transfer function to be
embedded in the definition of the interrogation signal 110
as well as the concomitant response signal 170.

An air interface methodology would be inefficient in
describing the specification of a SAW tag 100 because it
would serve to over-specify the essential requirements
being used for identification purposes. Specifying a SAW
tag 100 by its transfer function permits the use of a
variety of approaches in designing SAW tag readers because
there is no limitation on the type of interrogation signal
110 that can be used with the only real constraint being
that the interrogation signal 110 must meet the appropriate
governmental mandated emission requirements. Within this
constraint, any signal can be used that will produce a

response signal 170 with sufficient information to detect



WD 2004/ 086322 PCT/ US2003/ 030692 -9 the reflection
pattern enbedded in the SAWtag 100. Interrogation
wGar@nases2such as, for exanple, (i) individual PEEDSI08/030692
pul ses (e.g. inpulses); (ii) spectrum nmeasurenents
for detecting the returning anplitude and phase of 5
mul tiple, individual tones; (rPr) swept frequency
(e.g. chirp) signals; and (iv) coded (e.g. direct
seuenc®f lepriead sddtam singedidedcainal Fhoe SR®d ey 100.
[ ) s [ ion t.hu Do
pgor\%ré es aaltt{s]{/bsrt1 eém orlss 1%%5‘5;15:%}'%9 t%g;luem q{Jlg Individual
| demidw epubpesdéd.gn ampalsesdent(iifii c spleot uag nEGEurement s
that .t vant age_of _k ._cha [,.ski cs_of the
SANT oS00 T o r oo BCahaiad ernErrcanpy 2 blse of
5 predi citzld € edpondeabhénnexci t€d iy asweati étrggabney (e.g.
types of interrogation sjgnals, Becauyse 15 response
c% 1arc£%%eris§tgfl€s}sgreagaf e@?@d ﬁroéi&%lct g%r?'byélrggt sequence)
r efdectdrspdSOrhacatgdats che srlf doe 188do0kst HatSAWogation
tag. 10l0 it is an analysis of this reflected response
: a

70 that reveals the configuration unique to
the i rites r pgaizechtSAVtagt16. thuonerestiedsent $fstem for
the 20 invention the RF interrogation signal 110
10 v b rhe FPbaiency SRCAEO0F 2oR4ORRR. ep @  SAW
COlese: i Aatidier taear niogr thaguepgye§anndeamsse at  known
still be within the _intended scope of the present

| IR e ProvidRd Phe SAR tHY 10028hart&ft erQt j Bgoduce  a
areh Legeddbad i dnl By n%r@cﬁiétt@nﬁ\wgépéﬁge 1QRehr arsfieed by a

functjon when any such other carrier, frequency is

uSEF19%Y ot erfoRATrel of i NGRF RSN | WA 6h, — Because

15 t i dise T URCA+ OO OF 1 8c AW t 28 10QrkscdEhI Npdelil by by

(ﬁrég¥;ctors 150 located on the surface 135 of the SAW tag

100, it is an analysis of this reflected response signal

170 that reveals the configuration wunique to the

interrogated SAW tag 100. In one embodiment of the

20 invention the RF interrogation signal 110 utilizes a

carrier frequency of about 2.44 GHz. Of course, any other

carrier frequency can be used and still be within the

intended scope of the present invention provided the SAW

tag 100 characteristics are described in terms of the SAW

25 tag 100 transfer function when any such other carrier
frequency is used.

In one embodiment of the present invention, transfer
function of a SAW tag 100 is defined in wview of the
externally observable values of time, phase, amplitude and

30 data order. As an externally observable value, time is
concerned with the time between RF response signals 170 and
implies that such time takes into consideration the
internal round-trip propagation travel time between two
reflectors 150 (or between a transducer 120 and reflector

35 150). If the internal propagation time between two
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and 30 data order. As an externally observabl e val ue,
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signals 170 and inplies that such tinme takes into
consideration the internal round-trip propagation

travel tinme between two reftEttors 150 (or between a
transducer 120 and reflector 35 150). If the interna
pr@@h@catfpm t1i5e betvteeﬁecmdm 2:013?4/ 68682Rally observable

14520034 030692 35 10 ﬁff ﬂﬁé 458600 éture of a
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é%@@ﬁ*@ﬁ|§p@ﬁg@ﬂ@gﬂﬁ@; the interrogation 81gnal 110 which,

as noted above, is assumed to be 2.44 GHz (the middle of
the ISM band) for the purpose of this description. As will
be understood by those of ordinary skill in the pertinent
art, however, i1f a different carrier frequency is used as
an interrogation signal 110, the externally observable
phase values must be correspondingly adjusted.

For the purpose of defining an externally observable
RF response signal 170 in terms of the structural
parameters of a SAW tag 100, the amplitude of the RF
response signal 170 is specified by assuming the initial
acoustic pulse 140 has an amplitude of 1.0 and a
comparative number being used for the reflected response
acoustic pulse 160. Any specified pulse amplitude must
take into consideration any internal aspects of propagation
attenuation, reflection coefficients, and transmission
loss.

When using externally observable wvalues to define
transfer function of a SAW tag 100, it is necessary to make

certain assumptions regarding how the data and data fields
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paranmeters of a SAWtag 100, the anplitude of the RF

response signal 170 is specified by assum ng the

initial acoustic pulse 140 hhk-an anplitude of 1.0

and a conparative nunber being used for the reflected .
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observabl e val ue based on the transfer function o
SNggup 180 of predetermined reflector locations 190. In one

embodiment of the present invention, the system provides
for an encoding algorithm of a group 180 of 21 reflector
locations 190 having two reflectors 150 arranged therein
separated by a minimum of ten reflector locations 190. The
two reflectors 150 are separated by a minimum of 10
reflector locations 190 to preclude significant overlap
between response acoustic pulses 140. Additional pulse
separation can be achieved by increasing the number of
reflector locations 190 between pulses. As hereinafter
explained, this “2-0f-21" embodiment provides the
capability for encoding multiple bits of data that can be
decoded with a small number of response acoustic pulses
140. Although other encoding algorithms may allow more
data to be encoded in less space, the 2-of-21 system
provides the advantage of encoding simplicity, flexibility
and the possibility of an increased uniformity in amplitude
of response acoustic pulses 140.

As an aid in determining and selecting reflector

locations 190 from among a group 180 of closely spaced



15 tag 100 as defined by the |location of reflectors
150 in a group 180 of predeterm ned reflector
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i nvention, the system provides for an encoding
algorithmof a group 180 of 21 reflector |ocations

190 having two reflectors 150larranged therein 20

separated by a mnimumof ten reflector |ocations 190.
Thecatdensefi Ut oRs 21597 &agepkit @it eddbgcanii nignahisfns 190
1Broﬁgﬁée§59rdiPféiéﬂ@SpﬂégEt%éﬂﬂé%ﬂfﬁqeask%gggbgggtresponse
overlap between response acoustic pul ses

ABgrupsasl pullse &éParati Babtan be defilreed bige reflector
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bet ween pul ses. herei nafter ~ exp alne
"QO@fazlembﬁdgmenﬁnenppdeddes1ngetheagabflQuys&@mem
encodi ng nmultiple bits of that can be decoded

with a small nunber of responséa coustic pul ses 140.
Al t hough ot heTwentpdong BbghtibhnEnsBiiag! ovonapre 30

data to be encqded-in less space_ the 2-0f-21 system
provi des the advantage of |encodi ng $i npDiOci tyf,
flexibility arld the poss biIL@y of |an chrecsed
uni formty in gmpt0 iZ onse—acotst+td pul ses
140. As an ai d lin da‘grn11|nn d selecting rlefl ector
35 locations 190 fram anopg al Poup 18008f cljosel y
spaced WO 2004/|086322 PCTJUS284g/ 050692 4- 127I ocati ons
190 on a SAW't gg—to0—ad; 1bCII|l32 ocaftons—+96- provide
for different phase value lectad r sponse
acoustic pul se|140. TTabl e]| 1 deﬂines t heOs6ef | gct or
| ocations 190 gnd thp ra tl\K%ngl’CtlQﬁ phases
assigned 5 for—amepbodfent gnbuu_u t3t+reg—H he
2-of - 21 syst em|—Tahl 1_Thenty2oHne bosi $8on Encodi ng
G oup 10 -216 0.9
11 -280 1.0
12 -344 1.1
13 -48 1.2
14 -112 1.3
15 -176 1.4
16 -240 1.5
17 -304 1.6
18 -8 1.7
19 -72 1.8
20 -136 1.9
21 -200 2.0
This embodiment provides for reflector locations 190
nominally spaced at intervals equal to ten per cent of the
width of the interrogating pulse expressed as a unit of
time. As those of ordinary skill in the pertinent art will
understand, other phase positions, times, and reflector
locations 190 can be used and still be within the intended

scope of the present invention.
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Thi s enbodi ment provides for-¥®flector |ocations 190

nom nal |y spaced at intervals equal to ten per cent of

the wWéth oferte one peiorating sl expredd ethdsa aninimum
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S bobEe b 851 0F L8R 380, S20BE FhGHISSH S v towing
5 Table 2, sixty-four of these combinations can be used to

represent 6 bits of information.
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Wth twenty-one potentia

wth two
the following 5 Table 2,

conbi nati ons can be used to

information. WD 2004/ 086322 PCT/ US2003/ 030692

| ocations 190 and a m ni mum
spacing of ten locations 190 between reflectors 150,

response acoustic pul ses 160. As shown in
si xty-four of these

répresent 6 bits of

- 14

Table 2 Two of Twenty-one Ddta®lEnéodi ng Code # Code
Pul se 1 Pul se 2T¥ DRH0Wentyr®nel IFGE0EhbdIhg35

1108kL A [1bge S 2 QQQQQ; Lohee 36 1119010 4 16,3 0QO011 .,
13—37+1651+104—15—4660p16—1+—34 B8—110H1i 4 14 5
000410 1 |199°8% 170101 5 15 6 0QoL133 1 1J6'240:1116100 5|17
16/ 40 7 QQ@&ﬁ 1147 41 114400 5 17558 000400118 42| ¢
111615 9—-0Gt00— 1943141 H+519—10—Ho1164—
20044 11 fT@“é 201 11 ool**1 1 4135 111l046'% 2% 15 1pi5
001410 2 |%bodt 111011 6 Pix 13 QOLO40 2 [2Qotké 111001 6y,
2 T2 0010t 219 481100061915 0610661+—2118—4S
100000 6 18°**Ps gd1o00 2{317 50 fopdd1 6 [17°%3 17 15
011000 2 |1BoHt 1Qt011 6 16 18 (11001 2 |1Ho5d 1@1010 (716
1 7 19 Ul]l)%%fblz 4i 23 J'UJ':IJ.VJ'U / 8 41 111100 5 17
8 000100 1 18 42 111101 5 18
9 001100 1 19 43 111111 5 19
10 001101 1 20 44 111110 5 20
11 001111 1 21 45 111010 5 21
12 001110 2 21 46 111011 6 21
13 001010 2 20 47 111001 6 20
14 001011 2 19 48 111000 6 19
15 001001 2 18 49 101000 6 18
16 001000 2 17 50 101001 6 17
17 011000 2 16 51 101011 6 16
18 011001 2 15 52 101010 7 17
19 011011 2 14 53 101110 7 18
20 011010 2 13 54 101111 7 19
21 011110 2 12 55 101101 7 20
22 011111 3 13 56 101100 7 21
23 011101 3 14 57 100100 8 21
24 011100 3 15 58 100101 8 20
25 010100 3 16 59 100111 8 19
26 010101 3 17 60 100110 8 18
27 010111 3 18 61 100010 9 19
28 010110 3 19 62 100011 9 20
29 010010 3 20 63 100001 9 21
30 010011 3 21 64 10000 10 21
31 010001 4 21 65 10 20
32 010000 4 20 66 11 21
33 110000 4 19
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20 25 010100 3 16 59 100111 8 19 26 010101 3 17 60
100110 8 18 30 27 010111 3 18 61 100010 9 19 28

010110 3 19 62 100011 9 20 285610010 3 20 63 100001 9

21 30 010011 3 21 64 10000 10 21 31 010001 4 21 65

10 20 3mogheg10ve6fnl2(emerding] al3pnidoo0 i4 18hwD 1-of-16

2 22 S200 692 ik ?}%Q sef .
e%gégig%g@al ggrgﬁaérgm i sajtél%ggl- ofr-ml6 nco ﬁ]egéjf %rormt a single
Theg 1ot 1pPovpdabedloin @ 0§ eixtekheredletdbr locations

I [ f. sl (o! i O 190
L2588l BP0 CLAKEE I, o 020 Sk 5
| Lees st hbepphssev alalessf doreasiti dcmatdrmigm(?n@lncﬂ hehe code
L ti 90 t or one ..
cofes, bAED SEA, BAEALSRELD ARG EOUSELE O SMociment

Pos$i thos EhgodiihgmG oup 10 Pul se Phase Rel ative
Posi ti on Val ue Code (degreelsgbltgel3ay (T) 1 0 0.0 0000

Sixteen Position Encoding Group

Pulse Phase Relative
Position Value Code
(degrees) Delay

(T)
1 0 0.0 0000
2 -64 0.1 0001
3 -128 0.2 0011
4 -192 0.3 0010
5 -256 0.4 0110
6 -320 0.5 0111
7 -24 0.6 0101
8 -88 0.7 0100
9 -152 0.8 1100
10 -216 0.9 1101
11 -280 1.0 1111
12 -344 1.1 1110
13 -48 1.2 1010
14 -112 1.3 1011
15 -176 1.4 1001
16 -240 1.5 1000

Turning now to FIGURE 2, illustrated 1is a
representative layout 200 of an embodiment of a SAW tag
utilizing fourteen groups 210 of reflector locations on the
substrate to encode up to 80 bits of data. In the
illustrated embodiment, the first twelve groups 210 use 2-
0of-21 encoding while the last two groups 210 use 1l-of-16.
Thus the fourteen groups 210 provide for 80 bits of data
encoding (12 X 6 plus 2 X 4 = 80). As will be understood
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1.0 1111 12 -344 1.1 1110 13 -48 1.2 1010 25 14 -112

1.3 1011 15 -176 1.4 1001 16 -240 1.5 1000 Turning

now to FIGURE 2, illustrated-is-a 30 representative

| ayout 200 of an enbodi ment of a SAWtag utilizing
fbxartbeﬁegp@psr@m@anoj skilbctor Yhscapéoninentt het, the 80

rate e up lp th
PrER T astanted men it td o Bh e Bk B pice of
used- (ef- Zrb}enbedu:ag[uMIelde yher¢asranino edecipenit0 product

Ul fhodt GBS ToUR-LIERLOL § 880000485, 140 HOUAS, co e
EﬁBedA@omﬁétrbe Uhéekﬁhgodfwﬁméoaé60§ﬁ&%% synchronization,
A 03/ O:’>~\(/I_)69210-16n L hose of ordinary skill in

tah% u‘%"? Faht Vet tIO%he g%r Brt%of data can be

st ructInm echd alﬂr@u::dﬁ:é‘cbﬂa%uhl L800f 2 soEEMbBS IHY drecedes
gl syt sLvant, slestiontceprodicty code (E00 crane
faid ephiose Ch?ﬁ&hl’mnlfzéaﬁl@naad pbase asy pelRAi 23t IRa space
for SAW tag version information. The fourteen groups 210
are separated by time values 215 (labeled t, through t,,).
Each time wvalue 215 interval represents the time between
the center of the last reflector position in one group 210
to the center of ;he first reflector position of the next
group 210. Also shown is a time delay wvalue 216 (labeled
as Delay0), before a reflector can produce a response
acoustic pulse to an interrogation signal. This delay
provides separation between the SAW tag response and other
relatively high energy reflections of the interrogation
signal. It also provides for a method to distinguish
between separate classes of SAW tags. For example a
warehouse user of SAW tags may identify three primary
applications, such as palettes, cases, and items. 1In the
interest of maximizing the ability to detect a tag in one
class in the presence of one or more tags from another
class, differing amounts of initial delay can be
established. Other methods of distinguishing SAW tag
versions include preamble 220 formatting and error
checking. In the case of preamble formatting, different
versions can be defined by modifying preamble pulse
separations, phase encoding, or combinations thereof. In
the case of error checking, if a wvalid check sum is not
obtained while assuming one version, the return signal can
be processed using other assumed versions until a wvalid

check sum occurs.



and SAWtag version information. In the illustrated
| ayout 200, a preanble 220 precedes data groups 230
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synchroni zation as well as providing data space 10 for
SAWtag version information. The fourteen groups 210

are separated by tine values 2245 (| abeled tl through

t14) . Each tine value 215 interval represents the

time Pt vebrantigeoentreetlufd tinr |dstt ingfuishiorg between SAW
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d| st| n UI ship g SAWtag versions include preanble

R +oYingneRivigduah BAE Eage dn an hsenble

pi@a@@Nﬁ tagBut tirkgehat f frRfant 33 el siaps B8N Hehieved by
defi ned by nodifying preanbl e pul se separations,

pHiEe ol e SFragmrhRULis I9RFEFIORN  the case
of errgf Sheoking.iifud Mald QLK i, 'EQJtnceSpt gssume

obt ai ned whi |l e assum ng one version, the return
Garsehtepr 66 SA¥Y tagdah pIR Herodueedebavengi @n@oglﬁ@ Ith@reon

Vi Ik £ SO NRLH SUBLQCEY $its of error correction for an
aggregate payload of 80 bits. Before the 80-bit payload
data is encoded into all fields except BO, B1l,B2, B3 and
EC, the other fields are scrambled by bit-by-bit “exclusive
OR” of these fields with the twelve bits of B0 and B1l.
Multiple versions of scrambling codes are created by end-
around shifting of B0 and B1l. A designation of S8SNO-i
indicates an end-around shift to the 1left of i bit
positions of BO (the 1lsb of B0 appears i bit positions to
the left). Similarly, a designation of Bl-i indicates an
end-around shift to the left of i bit positions of B1.
Table 4 identifies the scrambled fields and the particular
shift value of BO or Bl used to scramble the respective
fields. The output codes of the scrambling processes are
designated in sub-fields of a 40-bit codeword S. Sub-
fields S0 to S5 are sgix bits in length while sub-field Sé6
is four bits in length which is produced by exclusive
“OR”ing B10 with the four lsb of BO.
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SAW i dentification tags. Wen a series of SAW
identification tags are manufactured using sequenti al
coded 5 nunbers, the different® in response signals
returned by two sequentially nunbered SAWtags woul d

be minimal. To facilitateTeRdeallility to distinguish

between simlarly d dat a encoded
t hereon can be scrsg qu'ds \é\'ﬁ%?gé eizgggéaly dlfferent

pul se patf or_[eac CD on SAWT R T
changi L Bt Bah B %GTE.E nEX

St B%
meb. The use of dif N
facilitate identifyin %&é%%’ Zé&' Agé in an
ensenble of SAWta s ;€7e {Za ipyn can be

achieved by incre s@nbeat ﬂL@ slc@arbj ¢dd Juips ¢
separation. 15 In o rfat ef T hé scranbling
concept, assune %s arg produced
havi ng encoded ther 3 16-bits of
error correction faor ns1 g 0 of 80 bits.
Before the 80-bit paytoad—data—t+s—encoded into all
fields except BO, BI®B2,6B3%nd 206ECS t Ife ot her
fields are scranbled by bit-by-bit "exclusive OR" of
these fields with the twelve bits of BO and Bl.

Mul ti pl e versions of scranbling codes are created by
end- around shifting of BO and Bl. A designation of
SNO-i  indicates an end-around shift to the left of i

bi t ZSITPé)S'SEA'WO e I o % e h&rés%ﬁqan%q bear s :Ir%%c%f widely

positions to S esignat

Billﬁfﬁmtcapelésan pa;trm%msauﬁdrsma‘dht ootlke 1meft ofetries of
Rlohon) Lonee of Ploe dabl.ecd LASMERELCRALRe 2HATR Weras
will be the same. The use of differing pulse patterns

facilitates identifying the individual SAW tags in an
ensemble of such tags. The BO and Bl fields were selected
to use for the scrambling codes in the illustrated example,
because it is assumed that they will change from one
ensemble of SAW tags to another. To avoid using the same
scrambling code in multiple fields, the code is shifted to
produce different codes in SO0 through S6. Thus, even though
unsgcrambled fields might be identical, the scrambled codes
will not be identical.

The SAW tag response signal format of a 64-bit data
code is shown in Table 5. The generic fields of the 64-bit
code shown in Table 5 are transmitted in the order BO to B3
followed Dby the scrambled fields S0 to S6. The
transmission of the 16 Error Check bits will follow the 64-
bit data field.
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respective 30 fields. The output codes of the
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a 40-bit codeword S. Sub- fields SOto S5 are six bits
in length while sub-field S6 is four bits in length
which is produced by exclusive®-"OR'ing BIOwith the
four Isb of BO. 35 WD 2004/ 086322 PCT/ US2003/ 030692
-18 Table 4 64-Bit Scranbling Process | BO Bl B2 B3l
E341 B5S B6 B7 B8 B9 B10 E BRGEH1EG9 BO 3 Bl-2 BO 2 Bl-1
BO-1 61-0 ED -0 SO S1 S2 S3 S4 S5 6 6 6 6 6 6 4 The
SAWtag codes are schénBlitdUnscrrobildngi dely 5

di ffefent pul se patterns for each code in a series of
close|ly related tags despit&0tBis Tact that certain

fields es . use—of differl pul.se
pattefns; faci Iéta% es?ﬁ@é@f@ﬁg t he bi ndi Vi %’5@"@1@9(
tags A—an—ansepbl e of KBNSt ads  ®rne® pa*and®pl 6 4
fields ®eleigeberBed 20 $0| 83¢ f3drs4 has $csdmbdol RE1| Eco
codes In the i1lTustrated exanpl €, because Tt TS
assunmed that they will change fromone ensenble of

SAWtags to another. To avoid using the sane

scrantAssuniogle B nuhdi pbe fhekdsrebBeveade dotrectly (as
srﬂgsteed tqC )Eroducg.difgerent codes in SO through S6.

S S PholiGht 15°0nS¥r &5 &FF9%| @ReFEYht the scrambled
| tiesitdcadan the \aAEMEIEC adeSrewddd i Pt HRE J1dRILLA-sed in
The %@ﬁ/la response signal format of "a 64-bit data
SN g nt FraE-edrhd geteks S fiel ds of the

64- bi t Table 6
64-Bit Unscrambling Process

BO | B1j B2[ B3| s0| s1 | s2| s3| s4| s5| s8| Ec2 ECI ECO

i

o [e]e[oeJefele]

<l

B4 | B5| B6| B7| B8 | B9| B10

Turning now to FIGURE 3, illustrated i1is a
representative layout 300 of an embodiment of a SAW tag
utilizing nineteen groups 210 of reflector locations to
encode up to 112 bits of data. The illustrated embodiment
provides for the first twelve groups 210 to use 2-of-21
encoding while the last two groups 210 use 1-of-16. Thus
the fourteen groups 210 provide for 80 bits of data
encoding (12 X 6 plus 2 X 4 = 80). Eighteen groups of 2-of-

21 encoding plus one group of 1-of-16 encoding provide the



code shown in Table 5 are transmtted in the order BO
to B3 20 followed by the scranbled fields SO to S6.
wa bh@4/08632nsnm ssi on of the 16 Error Check bits BE1/10S2003/030692
follow the 64- bit data field. W 2004/ 086322
PCT/ US2003/ 030692 -19 Table 5 64-Bit Unscranbling
80 Bits 64-Bit Data Error Chet°-6 6 6 6 6 FPId 6 6 6 6
46 64 BOBlLB2JB3SOJS1I S2J S3 S4 S5 S6 EGO
ECl2 Bopts afsdathg BOLahd c231bgr @m@@émie@&@r& drisy of EPC

(@Sqe SHRSEILERL LY Yo' ichied oo L8 s

scr anbl e% ? Fg)sé \égn %Jg unlse%lreg%gl e l?gsgﬁsﬁsng Odlment
ptdcdsmndareential Ly cridien| isage agsi |¢ug©dan9d fine Tafbhkmdlment
T 0. cranbling Process | BOJ Bl B2

o R e 0 b R LD 1900 B0 3 Bl 2 Bo 2

Bl- 1 BO4h®1gd BHeOpB4s86t B6nBENB8oBIhBE0 beent derileed in

4 ng AWt 9 Iust t

r%%%g%ht a?l Ve Isalflolﬁégognok Ihan er% %ﬂoufg §pdgrek@nd that

tiatgey ut |dar12| ngahenetwugm;ups:hﬁh@e«sf reéh]aetsbtutlons and

atl ns 5 encode its of dat
i O‘F é})%l ? Sen‘%og Heﬁ'tlt?lﬁp%V|O§eé°sal?bc&ngt h r?ri“rg{qet wElvet and
goups QA 0the isecRebdn2dn eneasi-ogdabt | fothe | ast two
groups 210 use 1-of-16. Thus the fourteen groups 210
provide for 80 bits of data encoding (12 X 6 plus 2 X
4 = 80). Eighteen groups of 2-of
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20 21 encoding plus one group of 1-of-16 encodi ng
provi de the WO 2004/ 086322 PCT/ US2003/ 030692 -20 112

whedaog/oed32zat a, whi ch can be encodi ng as 96 bi t BCDUSHPE030692

code and 16 bits of error check Encoding this

enbodi ment i s fundanental |y the same as encoding the
enbodi ment illustrated in FFEURE 2. 5 Al t hough the
present invention has geen described in detail, those
ski | | BHATnIBhELAFYERRSHF d understand that they can
make vari ous changes, substitutions and alterations

herein wi thout departing fromthe spirit an scope of
the i Avent PorBYFE§%® s To0at8EETIERARIWG200: ifpler on a

§§¥é9§gOQ§éQ§Q§8%wﬂmgRSA%HAIdEEtQEQEHE@OhStaé Pomprising:

systemfor determning an identifier on a sur f ace
acousgeeeRateng SAWRd e feaaueaaYo i REA g1 nE6hpPPatAgn sitonal

ﬁaﬁfakbﬂgeé radi p-freaueasy {&E}-L8t e6h00at | hesbaN@btric
that causes a transducer | ocated on a piezoelectric

substrate t 5oprbdadecan fRitiBitaebustreuphise PRESe that

Eg%hggb@, Ofo%fOf & Plur l'lfﬁéqugeféfCtPéﬁl@étE@PQGdarranged
accordi ng totine an ase po tion on said substrate

BQCQGdyneIdorésp@n§@da¢@@ﬁﬂ(Pqﬂmﬁmﬁﬁ @ai th1q apisldeeeate to
%nida&eggopsg 55058?98 nﬁsléégnag aomﬁ!?éuesgsg@ﬁsratmg

coust es,; ni ng éal identifier
dec@di ngspangeRE igesgorfsemsigpial Teendeye ofcPretet | pedses;

time, hase an a I|tu er 1 :
byot eithee iRl TReY LORCRRIRTRLS By [Gefpallf said wr
reseonegat ¢ tmal grial haewacﬁhrpredeﬁdeqdentym©f ghowe and

%m%ﬁitude parameters.

2. The system as recited in Claim 1 wherein said RF
interrogation signal has a carrier frequency of about 2.44

GHz.

3. The system as recited in Claim 1 further
comprising a group of reflector locations on said

substrate.

4. The system as recited in Claim 3 wherein a

plurality of said groups are located on said substrate.

5. The system as recited in Claim 3 wherein said
group is comprised of 21 of said locations having two of
said reflectors arranged therein separated by a minimum of

ten reflector locations.

6. The system as recited in Claim 3 wherein said
group is comprised of 16 of said locations having a single

reflector arranged therein.



10

GHz. 20 3. The systemas recited in Caim1l further

conprising a group of reflector |ocations on said
wgeaiss@ee. 4. The systemas recited in C ai mBCTMIS2063/080692

a 25 plurality of said groups are |ocated on said

substrate. 5. The systemas recited in Caim3 wherein

said group is conprised of Z2R-of said |ocations

having two of said reflectors arranged therein

separ af ed biha systiemumsofreci@edennr et htot 9rwheoain ditsirteen

6. The: sy S (of i i ' aid
Sopt SRR ANAS MERET T
single reflector arranged therein. 35 WD 2004/ 086322
PCT/ US2003/.030692 . -22 7. T emas recited in
d ai m%i' whet'at ns3fsotuer &en reofl%s??gkggggﬁg Zr“éh?ﬁ%%\?e‘ﬁp to 80
5 duitsalef sddisd rate. elBcoddd oty s$@inl asdertcl £ 2eh t hokd @ao 7
wherein up to 80 5 bits of data are encoded on said
identification tag. 9. The systemas recited in Caim
4 wher®j n nMihetestemfasaedigedups al&ithofatletk-oin sairtkteen
sﬁlﬁstra e. 10 10. TE‘F ) stdgmas recited in Cdaim9
rE I FEPS 135° b1 PSE 0t dat SAr e EHRYFEY DN sai d
identification tag. WO 2004/ 086322 PCT/ US2003/ 030692
-23 11. A method of operating a system for determ ning
an i dehti fTae %}ﬁsﬁe@uﬁﬁafé’cg(%ﬁist]irb R (BAljRerein Up to
identhit £adf odlatd afire CONPSASH NG SAUST e Ak ion tag.
frequency (RF) interrogation signal to
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5 be generated that excites a transducer |ocated on a
pi ezoel ectric substrate into producing an initial

wa@eowussdse2 pul se that reflects of f of a pl ural PEHUST003/030692

reflectors arranged according to tinme and phase
position on said substrate to yield response acoustic
pul ses, said 10 transducer g%?]‘erati ng an RF response
signal fromsaid response acousti %uls S get ectin

sai d RF- re%pféﬁ*é}éo@%é?p%ld&&dﬁﬁg gﬁ?rw—g?ng an

i&@ﬂt§§igrR5nr§S§Q£§§cé'Q@@ustﬂcVW£Mé0fSAWTeﬂ@émﬂﬁﬂlcatlon
tine, phase and anplitude paraneters. 15 12. The

h@ghodomﬁrﬁéénﬂed in Cam1ll V\,her ein said RF

i nter S gied BerkSf M(reh) fheaweneyt@bnaboghal
2.44 E%?hgoaB%@The hor%%;ls ?gm ted i n%CI ai r% 119 aL to

bart@@mer@bﬁ@ri%ﬁl@@ @@Jo‘lﬁﬁ oft r BFPEECSCSocdCrsH§Ionon 2
éﬁEQOeiggﬁkagtng; athe; g@&hﬁgoééciﬁﬁ'&ﬁdlhﬂt££§|ﬂbé§stlc

erern a |ty of sald groupS are |located on
puildesubisat atreeflelcsts Tioé freefo a@ligdilidy | REA Befdagtors

wher ein 354 co S f f
FAZRFEBA AooPhatie, tof PP A pitol; Bivition on el
theseiratsepdrat egibyda measipanaeof aggusémCr efthddast said

ocat.i ons.. 16. _Th hod ag.re 3 ;
SP&dH Sai dgergl?g%ﬁﬁé C%W%Fse%égﬁgliég sali d11 from said
lreepbhers abavistgcapsilsglse reflector arr anged t herein.

35 WO 2g%4%g%g?§%iﬁfﬁ 52003é9§%6%%gna%455é &gﬁbdlng said

met hod®
identifier from said RF response signal in view of

predefined time, phase and amplitude parameters.

12. The method as recited in Claim 11 wherein said RF
interrogation signal has a carrier frequency of about 2.44

GHz.

13. The method as recited in Claim 11 further
comprising a group of reflector locations on said

substrate.

14. The method as recited in Claim 13 wherein a

plurality of said groups are located on said substrate.

15. The method as recited in Claim 13 wherein said
group is comprised of 21 of said locations having two of
said reflectors arranged therein separated by a minimum of

ten reflector locations.

16. The method as recited in Claim 13 wherein said
group is comprised of 16 of said locations having a single

reflector arranged therein.



fourteen of said groups are |ocated on said substrate.

18. The nmethod as recited in Claim17 wherein up to 5
w@oobioses2nf data are encoded on said identifi cBCT/0U82003/030692

tag. 19. The nmethod as recited in Caim 14 wherein

ni net een of said groups are £$cat ed on said substrate.

10 20. The nethod as recited“rn Caim19 wherein up to

112 biLs ofdata Bgq°geded.on. 88! ) 0ot Llheatk Myneretn

fourteen of said groups are located on said substrate.

18. The method as recited in Claim 17 wherein up to

80 bits of data are encoded on said identification tag.

19. The method as recited in Claim 14 wherein

nineteen of said groups are located on said substrate.

20. The method as recited in Claim 19 wherein up to

112 bits of data are encoded on said identification tag.



