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A TRANSFER FUNCTION SYSTEM FOR DETERMINING AN
IDENTIFIER ON A SURFACE ACOUSTIC WAVE IDENTIFICATION
TAG AND METHOD OF OPERATING THE SAME

5 TECHNICAL FIELD OF THE INVENTION

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

10 for determining an identifier on a surface acoustic wave

(SAW) identification tag.
BACKGROUND OF THE INVENTION

15 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

20 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



to encode data by conmbining nulti-pulse per group 10 nodul ation with
si mul t aneous phase and tine shift nodulation is described in detail in U S

Pat ent licati Serial No. 10/062,894, entitled "Mg bfd8/050692 Conbi ned
I\/UIti-puI%E 2 é&“éggup wi th Sinmultaneous Phase and Tine g'h/;%%t Keyi ng and

Met hod of Using the Sane,” Hartmann, 15 dinton S. (Hartmann-Three), also
commonly assigned with the invention and incorporated herein by reference.
Addi tional pertinent information regarding SAW identification tags and SAW
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: modulation is described in detail in U.S. Patent
Application Serial No. 10/062,894, entitled “Modulation by
Combined Multi-pulse per Group with Simultaneous Phase and
Time Shift Keying and Method of Using the Same,” Hartmann,

15 Clinton S. (Hartmann-Three), also commonly assigned with
the invention and incorporated herein by reference.
Additional pertinent information regarding SAW
identification tags and SAW identification tag readers is
set forth in detail in U.S. Patent Application Serial No.

20 '10/066,249, entitled “Reader for a High Information
Capacity Saw Identification Tag and Method of Use Thereof,”
Hartmann, Clinton 8. (“Hartmann Four”), again commonly
assigned with the invention and incorporated herein by
reference.

25 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

30 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.



specific object anong the |arge nunber of objects, the user 5 will send an
interrogation signal to be sinmultaneously received by a tag on each of the
obj ects. \Wen each responds to the interrogation signal be a
“large qu‘gﬂtzlo?“yosﬁgfzzdata fromwhich the signal froma si rllagclrré&?g&/d%rréﬁkt be
‘isolated and identified. Thus, it is inportant for 10 that SAWtags be
encoded in a manner that tags can be readily distinguished fromone
another. A systemis needed that can be used to encode SAWtags w th uni que
data that can r i std 25@& §oibeodat aneppaded en @t her  SAW
tags. 15 According y,ﬁ%véioa]t |sé nrge In e art ?s a ?e ﬁ%b%gn rsé;}/cgtemfor
deterniningaﬂusannthﬁtlheatafﬂergen@um@érowﬁa0b§ﬁNt$knﬁa¢hcuuthnlﬁ&g t hat
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frequency (RF) interrogation “signal that causes transducer located on a
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readily distinguished from one another. A system is needed
that can be used to encode SAW tags with unigque data that
can readily be distinguished from the data encoded on other
SAW tags.

15 Accordingly, what is needed in the art is a reliable
system for determining the unique identifier encoded on a
SAW identification tag that can be readily decoded to

identify the object with which it is associated.



response signal in view of predefined tine, phase and  anplitude paraneters.
The present invention thus provides a systemfor determ ning the unique

i denti fi on a SAW 20 identification tag. The hastBk&s
advant ag§8?9@@g Afn known characteristics of SAW t ags, P\‘j\:m a?‘% passi ve

devices, to produce characteristically predictable responses when excited
by an interrogation signal. Because thginterrogation signal includes
certain predeterm ned 25 characteristics that will be affected predictably

by reflectors |ocated on th% gagF FpARRENTSOM this reflected

response signal reveals the tag' configuration. That is, the response
signal includes SAW tag characteristics that are transferred to the 30

i nterrogation sigpal..Thus cause the.characteristd.cs of . the

i nterrogation pulq'ge %‘F%r?ﬁ%w%%et h%b?)%%—sqjo?%u%%\??t 5% fllrcé’fﬁ’é:ﬁfgs ?5 dhe
interrogati gaipH sararne 8heo kpewsnt! hitsvemeish t tprgriadeped f ite2AFdmg to
be identified based on a transfer of informati,on tq the interrogation

signal by tfancisooARMSIET OD GSHEOBERIRIPCTY AESEFI ST 3 SWHace

embodi ment %fcoh@%iidﬂvxﬁmrég}zspkge RhehPi £1 808600 a3 988K hasmatRaar isy
frequency of about 2.44 . course, any other carrier frequency can be
used and soperasdng thien same i nendse sodpdigenthéhe eyehers o &%n. In

a particulardy u u til 'Jqﬂgn h st j.des for a
group of reffloxefct@ PS@% ia\ggg%gnétﬁgdgggg}lra e. c&e%gg%eél%(#&ﬁﬁ%emﬁ
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substratg. Yol another aspect. provides for 3 9royn 9,40, be riade yn gf 21

reflects off of a plurality of reflectors arranged
according to time and phase position on the substrate to
yield response acoustic pulses, the transducer generating
an RF response signal from the response acoustic pulses;
15 and (2) determining the identifier by decoding the RF
response signal in view of predefined time, phase and
amplitude parameters.
The present invention thus provides a system for
determining the wunique identifier encoded on a SAW
20 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
25 characteristics that will be affected predictably by
reflectors located on the SAW tag, an analysis of this
reflected response signal reveals the SAW tag’s
configuration. That is, the response signal includes SAW
tag characteristics that are transferred to the
30 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
35 SAW tag.



arranged therein separated from each other by a mnimumof ten reflector
| ocations. In still another aspect, the group is conprised of 16 reflector

sl ot | ocayi k33 @ single reflector arranged therei herhds2bis/ @062
enbodi rre?l?b?p&tﬂ#ggsystem fourteen groups of reflector |ocations are

| ocated on the substrate. A wuseful feature of this enbodinent is that up to
80 bits of data can be encoded on the identification tag. In another
enbodi ment of the invention, nineteen groups are |ocated on 20 the

substrate, perm tfhngowe t CedBadbhést of ofat athe benmweinodad onthbe RF
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Addi tional features ' ention w e descri bed hereinafter that
formthe suiiikl opet heithannstbe t hatended: i ®¢orEhosE skile edoresenthe art

shoul d a@refﬁx%r?t{&?.t they,cag r‘fﬁ%'i)éuﬁ%l. € us¥e5hl 0Shth C%l{ﬁ&é&f’fea”d
speci fic ‘enbodi rent 'as a basis fo esignirng or nodi fying ot her
structures fenbadimgmning dhée stlse esanerguirdess efoof at geoppe sehtre fivent oon.
Those skill in the art_.shoul.d also reaglize that, su equi val ent

const ruct i omCTREHIS fFparhe Ut R S pi roHe a‘-’fﬁf%%top%fr(}?hl heer%?l%erﬁ?ﬁﬁbn. VO
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nore conpl ete understandi ng of the present invention, reference is now nade
to the fol | oRREUBSEERER | pt YohsaRakler | 2FRFT UPERY HRES EPT t heIBREBNERANYI ng

drawi ngsjoi h¥hhghe up of 21 reflector locations with two reflectors
arranged therein separated from each other by a minimum of
ten reflector locations. In still another aspect, the
group is comprised of 16 reflector slot locations with a
single reflector arranged therein.

15 In one embodiment of the system, fourteen groups of
reflector locations are located on the substrate. A
useful feature of this embodiment is that up to 80 bits of
data can be encoded on the identification tag. In another
embodiment of the invention, nineteen groups are located on

20 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

25 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

30 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.



FIGURE 1 illustrates a surface acoustic wave (SAW tag typical of a type
that can be used as a radio frequency identification (RFID) tag; 10 FI GURE

2 illustr resentative layout of an enbodi nent
utilizi ng‘g‘t"ggﬂr‘@gé’ﬁ?gr oups of reflector |ocations on thg%é{}%@r%z%{é@go encode

up to 80 bits of data; and FIGURE 3 illustrates a representative |ayout of
an 15 enbodi nent of a SAWtag utilizing nineteen groups of reflector
| ocations on the substrate to encode up to 112 bits of data. WO 2004/ 086322

PCT/ US2003/ 030692 -7 I Lnifially to FI GURE 1,
illustrated is a surfﬁﬁﬁgg I %ﬁgﬁﬁqﬁdj%%. cal of the type 5
that can be used as a radio frequency identification (RFID) tag. The

illustrated enbodi nent provides fgr a reader an%{enna 105 that transmts a
radi o frequency TRE) 2i MG oGRIPORLEI gRRPCETBANFHBIRPS| fhe PI§SERt

recei ved byjngangnbanna tkaenddhe 109 480 apddaexcides endrapsdueging20 10
| ocated on a piezoelectric substrate 130 so that it produces an inifial

acoust i cSpufiescriptipsst reakean t ial codouxttiionpuribhl 4hesesoupanying
surface 135 : suhs 130, it encounters reflectors 150 | ocat ed

t her eon, caggig‘ﬁ%ngsfegpec%?%ﬁ'of a portion of the initial 15 acoustic pul se
140. This refl ecFEGUREI $eilbusiatdibds aa sesizoes ecaemisia vgye EAWG0thgrein. A

feature of the.illustrated enbg irrerg:tai fthats pl ua{ali of _reflectors 150
are arrange YB},C{:\h,eO 5t rEPe %@ acc?ors%? ng ?@ BPme aﬁ#%‘ﬁaggeﬁb@ﬁcp’bn to
yield a identification (RFID) tag;
10 FIGURE 2 illustrates a representative layout of an
embodiment of a SAW tag utilizing fourteen groups of
reflector locations on the substrate to encode up to 80
bits of data; and
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.



20 plurality of response acoustic pulses. 160. Wen the transducer 120
recei-ves these response acoustic pul ses 160, an RF response signal 170 is
generate ' ransmtted through the antenna 115 d by a
reader aﬁ?é%ﬁ%ﬂkéﬁé. The reader (not illustrated) then 3??&??@§h?ﬁ%§25
system descri bed herein to determne the identifier in view of predefined
time, phase and anplitude paraneters detgected in the response acoustic
pul ses 160. The present systemthus defines an identifier encoded on a SAW
tag 100 by its "transfer functpeparrEbabeserrbReon30 signal received is
determ ned by the SAWtag's 100 I npul se response to the interrogation
signal. Defining a SAWtag 100 by its transfer function approach is an
appropriate et I e ffyv S re passi Lges. t hat
react to and ref %ggrgﬁéﬁgy ?ﬁgfals dgggvg%8$$%nﬁa’e§§gﬁgﬁggﬁéﬁhgl%ighal.
Because i destirffieee enmmndedi onwahe IBAWND 123041 08682piPET/ U 0ORE03QEE? - 8
tag 100 i

S i que, the response signal 170 will al.so _be, uni,que the data
encoded thellay CaR BE GREQUR P HRGH MErS Yo JOBRE LTS CARdRtY SRERICL | on
of the SAW tag. 10@heThiFlustirdiSed henbodiskat GrSAMEa0fER0 4 ealedides to 5
the interrogation signal 110, which features appear in_the RF response
signal 170 FREEENR t MeRS deFhidles FRENEBAES efbedRHion Eremvena¥nt i®Fdation
tag 100. The #lhhei@RGHOE18pEAT130l I afgd &fr TANGTd 0N 1 gTRINERIqG) 4 @def i ne
a SAWtag 100 response is evident 10 when contTtasted with the nore dsual
"air interfaceanpermeddilogprt shed&PonilA§ andi gralitesspohtansduclerail20
| nterfage, myhadalpoyna st opplbe detined Mitdouic Lot PIENGR W Y the
sendi ng ‘'or respondi ng devi ces, ICh' TS

w produces an initial acoustic pulse 140. As the initial

acoustic pulse 140 moves down the surface 135 of the
substrate 130, it encounters reflectors 150 located
thereon, causing a reflection of a portion of the initial
15 acoustic pulse 140. This reflected pulse is called a
response acoustic pulse 160 herein.
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 vyield a
20 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
25 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
30 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 1is derived from the

35 impinging signal. Because identifier encoded on the SAW
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(e.g sequence spread spectrumsi gnal's can a e used
as interrogatdtdiodology for defining a signal response. With air

interface methodology a signal is defined without reference
to either the sending or responding devices, which' is
logical if both such devices are active. 1In the case of
SAW tags 100, however, using air interface methodology to
define signals would, by necessity, also require an
analysis of the SAW tag’s 100 effect on the interrogation
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



signals. The present invention thus provides a systemfor 10 determ ning
“the unique identifier encoded on a SAW identification tag 100 that takes

advant age, of Q characteristics of the SAWtag 100
‘character“@¥@§&$&92predictable response when excited by$§TH&§&ﬁ@§9%8f types
of interrogation signals. Because 15 response characteristics are affected

predictably by reflectors 150 |ocated on the surface 135 of the SAWt ag
100, it is an analysis of this reflected response signal 170 that reveals

t he configuration hgue.to the . inter (eToFoY1 SAW t 0Quped N e odi nent
of the 20 ingéﬁtigﬁggﬁgghﬁninP%FF%g%tﬁ%n sf%%%lﬁ¥goq%¥%lg%gg ggekaﬁgpér
frequency of IahentogadofHzigfhleosnshk, aanyforhexampaeri éi) f irdieddyadan be

used and still be within the intended scope, of, the present invention
provi ded t he™3KAPY BY-F66 éﬁhﬁhcf%ﬂﬁé;% far lﬂ%s%??%%ﬁu nERFHE SBPEFe saw

25 tag 100 t Fapsf getbeR@higon tMeen ratursiicly otdigsl Caudé erand r eghasey g used.
I n one enbodi ment of the present  invention, transfer function of a SAWtag
100 is defi nBHltAptrewlgivHguadyiternRg i y (bbser vaiePty aF XREURCY i €, Iphase
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concerned w e tine between RF response signals 170 and 1 nplies that
such tinme takpsepdt spesrsigersitdonls hean alér gl ysrddsr Lptpropggationn
travel tine Q?Eg%ﬁg_tmo reflectors 150 (or between a transducer 120 and
reflector 35 - I'f the internal propagation time between two WO
2004/ 086322 PCT/ UsRe03pn88enR irhenteidrectbus 1pPovidessexomystdine for
externaIH% O%%%%%%Rhgng the unique identifier encoded on a SAW
identification tag 100 that takes advantage of known
characteristics of the SAW tag 100 to produce a
characteristically predictable response when excited by a
variety of types of interrogation signals. Because
15 response characteristics are affected predictably by
reflectors 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 unique 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



value is 2t seconds. In fornmulating the architecture of a SAWtag 100, tine
I's generally specified relative to the interrogation signal 110 pul se

duration‘vagﬁﬁpﬁgnéalue_5 represented as 0.1T neans a t%@@ 'F%ba@ equal to

one- tenth uration of the interrogation signal nless
“otherwi se specified, it is generally wunderstood that tine is measured from
the center of a pulse. 10 In consideripg._externally observabl e phase val ue,
the internal reflection phase and the phase shift in the interrogation
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speci fied by @esuiiday BRat Nidind 1 8CHEHd G| §§09n40cﬂ@sg%ﬁt%%plbfwée of
1.0 and a conparative nunber belng used for the reflected response

acoustic pubydses0. Any specified pul se anplitude nust 30 take into _
consi deggt i on an[ afeEnAk AR 9haR19PBIRLLIARIY PHUMA (Aud Siheeti on

coeff|C|ents transn155|
‘ 1nterna1 reflection phase and the phase shift in the

interrogation signal 110, as propagated by the transducer
120 as the initial acoustic pulse 140, reflected as the RF
response signal 170 must be jointly considered. Phase
15 shift arising from internal propagation is dependent on the
carrier frequency for the interrogation signal 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
20 art, however, if a different carrier freguency 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
25 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
30 take into consideration any internal aspects of propagation
attenuation, reflection coefficients, and transmission
loss.
When using externally observable values to define
transfer function of a SAW tag 100, it is necessary to make

35 certain assumptions regarding how the data and data fields



When using externally observable values to define transfer function of a
SAWtag 100, it is necessary to make 35 certain assunptions regardi ng how
the data i el ds WD 2004/ 086322 PCT/ US2003/ 0306821/ sdoh3pBesop! €sent ed
in the sivgﬁg?oq%k%rzgthe purpose of this description, it I's assunmed that the
| east significant bit (Isb) will be placed on the right and the nost
significant bit (nmsb) on the left whichiinplies that the order of 5

transm ssion of data will be the msb first. As will be understood by those
of ordinary ski ldrddedtieq Pent i t1eat sabhal . di f Fetertheaspupbenso N thaw dat a
and data fields are presented in the_signal can be made and still be within

the intenddgssgdpéion t HE presAFRUTed diiatortha oleaphr BLEBLALPRNESEREH  and
versatile erhaghmgsh 10be! B3 2cREeSANEHENYERRL OBnAl PHEURDSEOLI bHE suakem to

have a group O of reflector |ocations 0 on the substrat us,
the SAWtagbi®0 cesbbeodesilgmedefs priuidiiteimplégeertiwt bheeraaide wdl ue

based on_the_transfer. functign, of AW 15 t 1 def] ned. he
| ocat i on50f %Fgflﬁg%ﬁgrls?nlébé [ ﬁagg gﬁggp%ﬁd%o% @%%dgggrg%'ne(fﬁ e‘ﬁlg%t %F
| ocati ons 19fdelretoad bgnbhdegenf ofdiferpraeidt diimvért pett ihke tsrsttem

provi des faqr, .an encoding al gorithmof_a group 180 of .21 ref] ector
| ocati ons 186Ih&FEmE t?\ﬁg\‘@?géeflﬁrsorﬁboﬂr r%ﬂ%%d anger @2hao ate® by a

m ni num of peeseditlector thacai5ans 4890 bd iadd Wind &fdiact Wes whi2hid €he
separated by a mnimumof 10 reflector |ocations 190 to preclude
si gni fi cant 1&feREgs SRR ef tdareseRtoddvienti@ses 140. Additional pul se

Fopar LIS, G0, oA, NSRS s VS, A Zaenkegiotry
enbodi nent presedss itwention provides for the system to have a group
180 of reflector locations 190 on the substrate 130. Thus,

the SAW tag 100 can be designed to produce an external
observable value based on the transfer function of the SAW

15 tag 100 as defined by the location of reflectors 150 in a
group 180 of predetermined reflector locations 190. 1In 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

20 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

25 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

30 data to be encoded in less space, the 2-0f-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

35 locations 190 from among a group 180 of closely spaced



capability for encoding nultiple bits of data that can be decoded with a
smal | nunber of response acoustic pulses 140. Although other encoding

al gorithps may allow nore 30 data to be encoded in | ess -of-21
‘system BY%W’%&“%% advant age of encoding sinplicity, ¥¢f;@§gtll0?}io§b$922and t he
" possibility of an increased uniformty in anplitude of response acoustic
pul ses 140. As an aid in determ ning ang,selecting reflector 35 locations
190 from anmong a group 180 of closely spaced WO 2004/ 086322 _

PCT/ US2003/ 930882 orisl 2 4 0CBH! ANSSARO taly 21 AW kg al@e athagenbnl0gdly ons
190 provide for 8| ferent phase values for a reflected response acoustic
pul se 140. Pabvéde feti deEfenentcphage dralyes dionms redd eated respenss ve
reflection ,aSSi or an di gen ed_usin e 2-0of-21
system Tabgggﬁgiﬁgnt§gg%% ngpfion E%gggingeGgggg%%% Otggo gf%ﬂgf% *1 10 3
-128 0.2 4lot82i0n3 150 2bfd Ghe BelB2vd. befTecliof). fhibe8 a8&iGnéd 9 - 152

0-8 10 52182 qn Ehpodinent’ encoded ushing The 2-of-21 Bystem.

Table 1
Twenty-one Position Encoding Group
1 0 0.0
2 -64 0.1
10 3 -128 0.2
4 -192 0.3
5 -256 0.4
6 -320 0.5
7 -24 0.6
15 8 ~-88 0.7
9 -152 0.8
10 -216 0.9
11 -280 1.0
12 -344 1.1
20 13 -48 1.2
14 -112 1.3
15 -176 1.4
16 ~240 1.5
17 -304 1.6
25 18 -8 1.7
19 =72 1.8
20 -136 1.9
21 -200 2.0

30 This embodiment provides for reflector locations 150
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

35 locations 190 can be used and still be within the intended

scope of the present invention.



14 -112 1.3 15 -176 1.4 16 -240 1.5 17 -304 1.6 25 18 -8 1.7 19 -72 1.8
20 -136 1.9 21 -200 2.0 30 This enbodi nent provides for reflector |ocations

190 nom‘pgélg%{oﬁgﬂzed at intervals equal to ten per Centpc‘}hjstz&ﬁ/o Bhodt h of

‘the inter ul se expressed as a unit of tinme. AS those of ordinary
skill in the pertinent art will understand, other phase positions, tines,
and reflector 35 locations 190 can be uggd and still be within the intended

scope of the present invention. WO 2004/ 086322 PCT/ US2003/ 030692 -13 Wth
tuenty-one poteniiial Loeations.138randia)m BEAVILNEPaehNdndf Al G niREA | ONS
190 between ref I.ec?%)lrks: %%'Y tgagr §8 ar e166 dat a coﬁ%i nat i %ﬁg tahat néglcrélﬁte

decoded wit bpawdngr efpbeselacetdvne plBPsbetween refihoworisnlbRe ftblelrewi ng 5

Tabl e 2, sixty-four ,0f _these combi i ca e,use e en bits
S vt ot FEE G 5867 oot B0 5 B (e b8 AL "
Twent y- one Baspoheeodicugistdde phlate B se AsPyimav? 34 $h60EdI14 o8 ngl
000000 1 _11 35.110011 4 17 _5 2 000001 1 12 36 11Q010 4 16 3 oooogllt% 13 37

110110 4515Ta le 2, sixty-four of these combilnations can be use

represent 6 bits of information.



4 000010 1 14 38 110111 4 14 5 000110 1 15 39 110101 5 15 6 000111 1 16 40
110100 5 16 10 7 000101 1 17 41 111100 5 17 8 000100 1 18 42 111101 5 18 9
001100 1 .19 .4 11 5 19 10 001101 1 20 44 111110 5 1 21 45
111010 5‘%§2T%“%%&%01110 2 21 46 111011 6 21 13 001010%§T§%&%g9%%%%01 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 20 17 011000 2 16 51 101Q4%L_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 25 22 011111 3 13 ﬁ%@ §00 7 21 23 011101 3 14 57

100100 8 21 24 011100 3 8 0 100 3 16 59 100111 8 19
26 010101 3 }+—60-1pO110 ‘]:ng %Qﬁ}%é&u*** 3 1199 99538 o 19 28 010] 10 3

19 62 100011| 9od20# POed®1001PP8s20 §IuwIBF0BO[L 93421 B®1®!®014L 3 2184 10000 10
\2/\}) 28%4?%32§§§4D?L}'/ QO(&RQI{'\Q 2922 ]19000 4 4035L b6 Hnogg 455 1LL()1(,;U 719 E
5 2 000001 1 12 36 110010 | 4 16

3 000011 1 13 37 110110 | 4 15
4 000010 1 14 38 110111 | 4 14
5 000110 1 15 39 110101 | 5 15
6 000111 1 16 40 110100 |5 16
10 7 000101 1 17 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
15 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
20 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
25 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
30 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
35 32 010000 4 20 66 11 21
33 110000 4 19




-15 Anot her useful encoding algorithmis the 1-of-16 encoding format. This
format provides for a single reflector 140 located in one of sixteen

reflector | ocations 190 and can be used to encode four _bj . Tabl e
3 5 |istsVORMYREYE val ues for each Iocation 190 and thg%é'?)‘c}?é&h(“ﬁgéﬁeach

‘such location 190 represents for one enbodinent of this algorithm Table 3
Si xteen Position Encoding Goup 10 PulﬁﬁaPhase Rel ative Position Val ue

Code (degrees) Delay (T) 1 0 0.0 0000 2 -64 0.1 0001 3 -128 0.2 0011 15

£ 5200 9580, FafERr Oy B e b 24 Ol g6 07
1110 13 -48dcAih3 0 Ryrrialt - 112 Thiz 1Gdimats ptF6ided 1D6f &6 sfld. 5
1000 Turni nrgef.fgvcégr F1|4C(;Z)U I%cza’teici lili!lSE){‘l%t 89 isfx@een reflector locations

190 and can be used to encode four bits of data. Table 3

5 1lists the phase values for each location 190 and the code
that each such location 190 represents for one embodiment
of this algorithm.
Table 3

Sixteen Position Encoding Group

10 Pulse Phase Relative

Position Value Code
(degrees) Delay
(T)

1 0 0.0 0000
2 -64 0.1 0001
3 -128 0.2 0011
15 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
20 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
25 14 -112 1.3 1011
15 -176 1.4 1001
16 -240 1.5 1000

Turning now to FIGURE 2, illustrated 1is a

30 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-
0f-21 encoding while the last two groups 210 use 1l-o0f-16.

35 Thus the fourteen groups 210 provide for 80 bits of data
encoding (12 X 6 plus 2 X 4 = 80). As will be understood



30 representative |ayout 200 of an enbodi nent of a SAWtag wutilizing
fourteen groups 210 of reflector locations on the substrate to encode up to
80 bits o the illustrated enbodinent, the fir $30¥608020ups 210
use 2- of§5%ﬁ%ﬂ%%%ﬁng while the last two groups 210 use4§%%§-16. 35 Thus t he
‘fourteen groups 210 provide for 80 bits of data encoding (12 X 6 plus 2 X. 4
= 80). As will be understood WO 2004/086322 PCT/ US2003/ 030692 -16 by those

of ordinary skill in the pertinent art, the 80 bits of data can be
structured toQ pnovide for i N Yo uLr.ed r vant
el ectronic t;?lyo ul%: 8¢ c8§eofgé’a)%r§’;e%ﬁlllga%?o(ﬁs§, ea%%%ﬁé%?f s@g’fe ?a(t?a to

be 5 used fditer raff ddtezkcag, ber areuatdrpdase Pprahidsmi Zati 64, bidsd FAWt ag
version informatipn. In. the illustrated_ | ayout , eanbl e 220. pr.ecedes
data groups aﬁﬁspFﬁyigﬁ% FoRYHR tgghg%%ﬁ?ﬁggg Fi?%érogﬁﬁ ﬁﬁgg%ﬁét
synchroni zatdgde &M | spsc PE Dyatl tgs dat besping 16 HatsSAYW dag av e ilemn

I nformati on. The fourteen groups, 210 _are separated by ti val ues, 215
(1 abel ed X | WSS J§F 1970F "ghekkinge (LTS ?ﬁ P §sz§yqu&‘€§€rﬂtslqrh'e tine

bet ween the el Qg herdash 1efd8gdioroposition in one group 210 to the
center of the first retlector position of the next 15 group 210. Al so shown

is a time del ay V& tde2id lusiraited layopsl 490) , a2 lerermbhe rad § quieredem
produce a r ustihC I [ r | Si | . <Thi | ay
provi des segizd%%{]is%%o‘%étgv\gég ta%elé1 té%%r efsl%olgnfslggg%%&g?hlesrggﬁresaﬁ%ae y high
energy refl egtd plmsd symchnoeirzagatn oas2@eslgnal pricvidisy pladea dgsador a

et hod L Sishl 14 Slpg CGAYEEn SRALENS: £has oRl SALLANE R © @

) are separated by time wvalues 215 (labeled t, through t,,).
Each time value 215 interval represents the time between
the center of the last reflector position in one group 210

to the center of the first reflector position of the next

15 group 210. Also shown is a time delay value 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

20 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

25 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
versiong include preamble 220 formatting and error
checking. In the case of preamble formatting, different

30 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

35 check sum occurs.



applications, such as palettes, cases, and itens. In the interest of
.maximzing the ability to detect a tag in one 25 class in the presence of

one or nore tags from another «class, differing anounts Lot el ay can
be estaBVP2HUPB63RE her net hods of di stingui shing SAWt aﬁejr/\vég“so?)cﬁiwgncl ude

‘preanbl e 220 formatting and error checking. In the case of preanble
formatting, different 30 versions can Qf defined by nodifying preanble pul se
separ ati ons, phase encodi ng, or conbi na fons thereof. In the case of error

checking, if a valid.,check sumis pot bt ai ned. whi | & assum ng_one_yer si on,
the return signa c%ﬂvaﬁgaﬁ?Bgﬁsggggﬂgifgfo %%?l%%%h%%ﬁn%ngFgﬁ§nuﬁ¥ﬁl a
valid 35 cheektsaitaesuhstad 2H0H (RGIAD1RCENESA003/ A3A68Ata- ETePds

advant ageous net hod for dj stingui shing between SAW identification tags is
to scranbl e®Bhé t%ATé{n&dI&I{t& iCAHOT orP9he SA ??Ieﬁti“?‘?’&h??oﬁftoaﬁéw Wien a

series of SAféntdenththeat f 9hstRGS nirf MARtbraet u@@agugéqgeﬁegaﬁn&bale_dcoded 5
nunbers, the difference in response signals returned by two sequentially
nunber ed> SAWNRgEswothe GEf Fe¥enes 1ITgFespariss sdoaalerabiurnegd by two

di stingui sh n_Ship | d A gs a :0ded t hekgon can
be scranbleﬁgs%gﬁgggggg‘mn e ?r ?fﬁ%¥§n¥éggls¥0%£§t§%%s gﬁﬁggﬁh cogg on 10
a SAWtag wiaholtitehenditmy sbihitgt &csudbstinghieshedgdweernbgtwilazbg nsb.

10, Uoe O RALE" bR BULRS R oLl Wioad S ALe LAETLL KL gebody! dua

by increastogcrbatecwadeleddpffeeeneppudbeopattérhs fodeeath tblusbhate the

scrambl i gg congepl, Asse @ Serles, of (SAWhags are, produged having encoded
) object, and msb. The use of differing pulse patterns will
facilitate identifying individual SAW tags in an ensemble
of SAW tags. Further facilitation can be achieved by
increasing the scrambled pulse separation.

15 In order to illustrate the scrambling concept, assume
a series of SAW tags are produced having encoded thereon
64-bits of data and 16-bits of error correction for an
aggregate payload of 80 bits. Before the 80-bit payload
data is encoded into all fields except BO, B1,B2, B3 and

20 EC, the other fields are scrambled by bit-by-bit “exclusive
OR” of these fields with the twelve bits of BO and Bl.
Multiple versions of scrambling codes are created by end-
around shifting of BO and Bl. A designation of SNO-i
indicates an end-around shift to the 1left of i bit

25 positions of BO (the 1lsb of BO 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 Bl.
Table 4 identifies the scrambled fieldsﬂand the particular
shift wvalue of BO or Bl used to scramble the respective

30 fields. The output codes of the scrambling processes are
designated in sub-fields of a 40-bit codeword S. Sub-
fields S0 to 85 are six bits in length while sub-field S6
ig four bits in length which is produced by exclusive

"OR”ing B10 with the four 1lsb of BO.
35



64-bits of data and 16-bits of error correction for an aggregate payl oad of
80 biits. Before the 80-bit payload data is encoded into all fields except
BO Bl, B2, B3 and 20 EC, the other fields are scranble

"excl usi VEO 208408622 { hese fields with the twel ve bits onE@h Jc)ipt"ﬁ’?b/ﬁﬁl\/lﬂt|
‘versions of scranmbling codes are created by end- around shifting of BO and
Bl1. A designation of SNOi indicates angend-around shift to the left of

bit 25 positions of BO (the Isb of BO appears i bit positions to the left).
Simlarly, a designation of Bl-i i”dhfﬁ; 2n end-around shift to the left
of I bit positions of Bl. Table 4 ident |es the scranbled fields and the
particular shift val ue of EKZ{B:.tBISctBaﬁblmchmdaéesthe respective 30
fields. The output_cod f the scr ling processes are__designated in
sub-fields of a {#Qnhig, cgge\ggr $. B5Su§5 fmé#l@s 89| teo{ SEon iyl Sgay bits in

| engt h whil e subH+etea-S6——+sFoth gta$ﬂl€lltllévh;0 s—produced by

exclusive "OR'ing B10 with th Bi-2|ls8.B| @f1| By | 53| M 2004/ 086322

PCT/ US2003/ 030692 -18 Tabl e %4 I% l{l QP ess 180 Bl BZ B3 B4 B5

B6 B7 BB 610 EC1 80.3 Bl1-2 8 1 | 0 SOS1 S2S3 S4S566

6 6 6 6 4 The SAWtag codes aj Dwidely 5 different
cldsely related tags despite

Thejuse of differing pul se

pul se patterns for each code i
the fact that certain fields
patterns

S0 | St} 82| S3| S4| S5 S5
6 6 6 6 6 6 4

The SAW tag codes are scrambled to create widely

5 different pulse patterns for each code in a series of

closely related tags despite the fact that certain fields

will be the same. The use of differing pulse patterns

facilitates identifying the individual SAW tags in an

ensemble of such tags. The B0 and Bl fields were selected

10 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 ig shifted to

produce different codes in S0 through S6. Thus, even though

15 unscrambled 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

20 followed by the scrambled fields S0 to S6. The
transmission of the 16 Error Check bits will follow the 64-
bit data field.



facilitates identifying the individual SAWtags in an ensenble of such
tags. The BO and Bl fields were selected 10 to use for the scranbling codes
inthe illustrated exanple, because it is assuned that _they will change

fr om one wenea/osd3e2 of SAWtags to another. To avoid usiﬁﬁT@ﬁ@oglﬁ?Pé”
-scranbling code in nultiple fields, the code is shifted to produce
different codes in SO through 66. Thusllgyen t hough 15 unscranbl ed fi el ds
m ght be identical, the scranbled codesT"will not be identical. The SAWtag
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 transmtted in the
order BOto B3 20 followed by the scrmmBlleed fields SOto S6. The

transm ssion of the 16 Error Check bits will follow the 64- bit data field.
WO 2004/ 086322 PCT/ US2003/ 0306%4 - Bito Uparambling Bit Unscranbling 80 Bits
64-Bit Data Errgr Chec 6 6 6 6 6 Field 6 6 6 6 4 6 6 4 LBO 61,B2 B3 SO |
S1 S2 S3 S4 S5 $6 E ECT E 5 Assuming BOBitsl Bl are received corfectly (as

subsequent |y verified-bythe er r@g_ ) —t+he—se+anbl egn_ f 'éfﬁl d$ can be
21

unscranbl ed by rfeversing the _pr d In _.scranb) in oi ustrated in
Table 6. Table G 18 8l Bif Lfecd 8 orbocle Boat 19133 6f 85 51 821 S3
S4 S5 S6 E ECL K do |BBG| Bi{ZB3B0s®2| 814 1s21| &3 BaBIss0] BO ool Ect| EG2

5 Assuming BO and Bl are received correctly (as
subsequently verified by the error check), the scrambled
fields can be unscrambled by reversing the process used in
scrambling, as illustrated in Table 6.

Table 6
10 64-Bit Unscrambling Process

BO | By B2| B3

EC1| ECO

Turning now to FIGURE 3, illustrated is a
representative layout 300 of an embodiment of a SAW tag
utilizing nineteen groups 210 of reflector locations to

15 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 l1-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-

20 21 encoding plus one group of 1-0f-16 encoding provide the



| 64 BS B6 B7 BB B9 810 6 6 6 6 6 6 4 Turning nowto FIGURE 3, illustrated
is a representative |layout 300 of an enbodi ment of a 'SAWtag wutilizing

ni neteen groups 210 of reflector locations to 15 encode iLts of
data. Thé ?PW@Q??%%ed embodi ment  provides for the firsg¥ﬁa%$9é%éw§3ps 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_hrts of data encoding (12 X 6 plus 2
X 4 = 80). Eighteen groups of 2-of 20 21 encoding plus one group of 1-of-16

encodi ng proyide.the 4/ 322 - / @%9 9 520 i dat a,
whi ch can nggngég?ng\%@%& ’b%%g %&Eb%?g%g%n S?é%i ?é lc?#%r lr%c]# %cﬁhgeck.
Encodi ng t hcedenbadi ®ntbitiss dilinstanentcidgk t hensadiengs tbheoeinbg dilent

enbodi nent .illyuystrated in.Fl E 2. 5 Although the present invention has
been descri Bb&d #Hndaﬁ‘?ﬁﬁ‘?l?h?égesk?ﬂ%d Ao Erg o] SRR st | hac

t hey can nakgluvatiretedchangagUrsubstitutions and alterations herein w thout
departin fronlthiﬁspirit ?pd scope of the,inv%ﬂéion in its broadest form
-21- WHAT |'S CLARNEBORS: fhea RERASIH AoV &t hi i hgPesni HeREFARED ot a
surface acogathgivatehdshVEki deBEi finCatHONated sholA@) , uhd&L8PEAE MatBaNS
for generating a radio frequency (RF) interrogation signal (110) that_ causes
a transduc&hey1205amocaaE onVarpPEfoel ERARIRS subtel fuBIne 0 @vHuce an
initial aco i ( oot I i £ of I | | r ectors
(150) - char AererrEdss, Eitin PROE. SRhArEihoPednll e AL W4 T
and phase pesppeoprfothsaiidvenisiomatia tidsybeloddeespdivasn.acousti c pul ses
(160), said transducer generating an RF response signal (170) from said
response acoustic pul ses; and



a means for determning said identifier by decoding said RF response signal
in view of predefined tine, phase and anplitude paraneters. 2. The system
as recited in Caim1l wherein said RF interrogation signal has a carrier
frequency of about 2.44 GHz. 3. The systemas recited in Caiml further
conprising a group of reflector |locations on said substrate. 4. The system
as recited in Claim3 wherein a plurality of said groups are | ocated on said
substrate. 5. The systemas recited in 7’? aim 3 wherein said group is
conprised of 21 of said locations havihg two of said reflectors arranged

t her ei n 9&per BB@ANIMERIST ni num of ten reflector locations. .6. The system
as recited in Claim3 wherein said group is conprised of 16 of said

| ocations having a single reflector arranged therein. 7. The system as
recited i.n C &isytein WraleRtminn@Untieerified orsaiifagd fepSicaifve|(94R) adenbficAidh thg
substrate, 8. The, ,sgstem as recited in Caim?7 wherein up to 80 bits of data
are encodd® bIPTWESHE: | dentification tag. -22- 9. The systemas recited in

G ai m 4 wher ah&indifpe @fé?atié% £ dlo Grequbdsy ARE) liNERSAHoPRighA 0105 WRstdhadke a 10.
The systemas recited in aim9 wherein up to 112 bits of data are encoded
on sai d trang@isen {2Qdesatsd anagpiezpglectpic sehshige (G0) tprrpditce g initia pseustis pgse (140)

det er m njRGreAltd BT Taf §16faliQ bffre ALt Jra A5 0R AL thiGze MY Ssaid %Wtoﬂs%n\g'zf afighd O
tag, conprising: causing a'radio frequency (RF) interrogation signal To be
gener at egceriimg tekini taad phase pasiseueresaid fubstatel oeld sesponse geduside pilses< U3t et e
into pro I L L t C teri Dy, sald initial
acoust| craiy s @lple e BGBHE PO T URLRG R AR PSSP

accordi ng to & mems fandectpiasiag paidi itiemificoby sladodingudagt REtrespooseysiglall in egpoofse
acoustic rQ&Jelﬁxslg t,’,imesa' dsetarrl Qn%qggaer agdertlactaerrsati ng an RF response signal from said
responsepacous iC ’|8u75es; and ddPEtty ng said RF response signal and decodi ng
said identifier fromsaid RF response signal in view of predefined tineg,

hase and a i tude paraneters. 12.. The od as recit in d.ai 11
hor of n Gai d Pl TR PSS GIREI G AT g TR R B gpon signl ha cafi gtchcy
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.

7. The system as recited in Claim 4 wherein fourteen of said groups are located on said
substrate.
8. The system as recited in Claim 7 wherein up to 80 bits of data are encoded on said

identification tag.



frequency of about 2.44 GHz. 13. The nethod as recited in Caim21l further
conprising a group of reflector |locations on said substrate. 14. The net hod
as recited in Caim13 wherein a plurality of said groups are | ocated on
said substrate. 15. The nethod as recited in Claim13 wherein said group is
conprised of 21 of said |ocations having two of said reflectors arranged
therein separated by a mnimumof ten reflector |ocations. 16. The nethod
as recited in Claim13 wherein said gr opp is conprised of 16 of said

| ocations having a single reflector arrédnged therein.

9. The system as recited in Claim 4 wherein nineteen of said groups are located on said
substrate.
10. The system as recited in Claim 9 wherein up to 112 bits of data are encoded on said

identification tag.

11. A method of operating a system for determining an identifier on a surface acoustic wave
(SAW) identification tag, comprising:

causing a radio frequency (RF) interrogation signal to be generated that excites a transducer
located on a piezoelectric substrate into producing an initial acoustic pulse, characterised by:

said initial acoustic pulse reflecting off of a plurality of reflectors arranged according to time
and phase position on said substrate to yield response acoustic pulses, said transducer generating an
RF response signal from said response acoustic pulses; and

detecting said RF response signal and decoding said 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.





