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HAVI NG ENHANCED DATA CONTENT AND METHODS OF OPERATI ON AND MANUFACTURE
THERECF WOTBGHNBLAL FI ELD OF THE | NVENTI ON The present i meantSons6sie
directed, in general, to identification tags and, nore specifically, to a
surface acoustic wave (SAW identification tag having enhanced data 10
content and net hods of operating and manufacturing the. sane. BACKGROUND
OF THE | NVENTI ON 15 Modern technol ogy has produced a nunber of useful
electronic identification nmethods and devices. Mt famliar are the
ubi qui tous bar codes and magnetic strips that, together with their
readers, are wi dely enployed by businesses and others to perform several
identification 20 functions. The main reason bar codes and magnetic strips
are so widely used is that they are very cheap. Bar codes and magnetic
strips are limted, however, by the relatively small anmount of data they
can encode and the effective range at which they can be read, which is
quite WD 03/052682 PCT/ US02/ 36870 -2 short. Magnetic strips, for exanple,
generally have such a limted range that the reader nust be in direct
contact wth the strip in order to decode the data thereon. In the very
few cases where a magnetic strip is read with a device 5 other than a
direct contact reader, the effective reading range is still only a few
centineters at best. Simlarly, the effective range at which bar codes can
be reliably read is typically no better than a few centineters. In
addition to range limtations, both bar codes and
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The present invention is directed, in general, to
identification tags and, more specifically, to a surface
acoustic wave (SAW) identification tag having enhanced data

10 content and methods of operating and manufacturing the.

same.
BACKGROUND OF THE INVENTION
15 Modern technology has produced a number of useful
electronic identification methods and devices. Most

familiar are the ubiquitous bar codes and magnetic strips

that, together with their readers, are widely employed by

businegses and others to perform several identification

20 functions. The main reason bar codes and magnetic strips
are go widely used is that they are very cheap.

Bar codes and magnetic strips are limited, however, by

the relatively small amount of data they can encode and the

effective range at which they can be read, which is guite



10 magnetic strips are inpossible to read if there is any obstruction

bet ween the readi ng device and the bar code or magnetic strip. Wen
readi ng awoagnsteBz strip or bar code, the orientation of PCRAISODadTnNg
device relative to the bar code or nagnetic strip also presents a problem
If the 15 reading device is not properly aligned or is held at an

i ncorrect angle, the encoded information can not be read. As a result of

t hese probl ens, each individual read operation requires manual scanni ng by
a human operator if high read accuracy is needed. The attractive feature

of 20 bar codes and magnetic strips is-Ehat they are I nexpensi ve. However,
their inherent limtations have prevented their use w_de ran
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passes throug colTection point. A reading device connecte to a
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deducting t romthe user's credit card or other account. 5
Prior art RFID tay déditésnate ohnpeo liaditettippes; bothosen eadesormin a

n1crOChi8 andgnegfg %ﬂ%t ()£§% imposgsible to read if there is any
obstruction between the reading device and the bar code or
magnetic strip. When reading a magnetic strip or bar code,
the orientation of the reading device relative to the bar
code or magnetic strip also presents a problem. If the

15 reading device is not properly aligned or is held at an
incorrect angle, the encoded information can not be read.
As a result of these problems, each individual read
operation requires manual scanning by a human operator if
high read accuracy is needed. The attractive feature of

20 bar codes and magnetic strips is that they are inexpensive.
However, their inherent limitations have prevented their
uge in a wide range of applications for machine readable
tags where highly reliable and totally automated reading is
required for read ranges of up to several meters.

25 The radio frequency identification (“RFID”) tag is
another prior art type of identification device. When
interrogated, RFID tags reflect or retransmit a radio
frequency signal to return an encoded identification number
to the interrogator. A good example of RFID tags is their

30 usage in the collection of highway and bridge tolls. An
RFID tag is positioned on a user’s vehicle to respond to an
interrogation signal when the vehicle passes through a toll

collection point. A reading device connected to a computer



There is a radical difference in cost and perfornmance between these two
types; to such an extent, in fact, that they rarely conpete wth one

anot her awOt0a/051882 appropriate 10 type of use. As a gener alPCraisey/3ashi p t ags
cost nore but have a |larger data capacity than chipless tags. Chip tags,
for exanple, are usually not available below a unit cost of about one

dol I ar each when ordered in a quantity of less than one mllion; whereas
many chipless tags are projected 15 to cost |ess than 20 cents each, even
when manufactured in quantities of one hundred thousand. Most RFID tags
will have a longer reliable range than-3magnetic strips and bar codes. As a
rule, RFID tags can be interrogated wthout having as significant
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back to Badi o si §naps; ar®) RILD ahe@nhgvigrs e LhehWe LRSS $ig DC
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have a larger data capacity than chipless tags. Chip tags,
for example, are usually not available below a unit cost of
about one dollar each when ordered in a guantity of less
than one million; whereas many chipless tags are projected
15 to cost less than 20 cents each, even when manufactured in
guantities of one hundred thousand.

Most RFID tags will have a longer reliable range than
magnetic strips and bar codes. As a rule, RFID tags can be
interrogated without having as significant line-of-sight

20 and orientation problems as are evidenced by bar codes and
magnetic strips. Although chip tags do have a longer range
than magnetic strip and bar code systems, the range at
which they can be reliably used is still a limiting factor.

Chip tags are by far the most popular. A chip tag

25 consists of four elements or features: (1) a computer
microchip; (2) circuits for converting radio signals to
computer data signals and back to radio signals; (3) an
antenna; and (4) a means for providing DC power to the chip
circuitry. In low cost RFID chip tags, the first two

30 features are often partially or totally integrated into a
single microchip, which integration requires certain
compromises in tag performance (read range, number of bits,

etc.). This combination of features also leads to certain



partially conpensated for by use of |low radio frequency 5 (RF) operating
frequencies that, in turn, lead to rather |arge and expensive antennas.
The nost wewawsag2 problemwith chip tags is the need for PDT/Usomsis7d or t he
chip circuitry. The conbination of environnmental issues coupled with
severe constraints on 10 cost, size and weight usually requires that the
tag not have a battery or other on-board power source. The only generally
useabl e solution is to obtain DC power by converting RF power received
fromthe tag reader signal into DC power within the tag. Those skilled in
the 15 pert| nent art termtags wthout “4-battery or other power source as
"passive" tags, while those that contain a _battery or other source are

termed as "ABEP9EALEEQSITTHAL Jd§di ¢OSietREd Ot dﬁ%‘\ﬂrﬂl%ﬂ%w 4% a

chip tag regubbRsoqac80EeLsl i gll%tatl bag aRlEMNEFddgRncy FBuidEe nd
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prevent chi p ags fromreplacing ei es or magnetic strips in
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tags do,got gantaif A Mgkoghl BPUtcually requires that the tag not

have a battery or other on-board power source. The only
generally useable solution is to obtain DC power by
converting RF power received from the tag reader signal
into DC power within the tag. Those skilled in the
15 pertinent art term tags without a battery or other power
source as ‘“passive” tags, while those that contain a
battery or other source are termed as “active” tags. The
passive method of providing DC power to a chip tag requires
a more efficient tag antenna (i.e., larger size and cost)
20 and higher transmitted power levels from the reader. It
also requires added components which will either add to the
cost of the microchip or to the cost of the tag for the
required extra electrical components in the tag, which will
also result in an increased tag size. The most important
25 limitation of passive powered chip tags, however, is the
severe restriction on the read range of the tag because a
signal that is sufficiently strong to power the tag only
extends a short distance from the tag reader antenna.
Thus, while chip tags have the dominate share of the RFID
30 market, the high cost and limited read range combine to
prevent chip tags from replacing either bar codes or

magnetic strips in any significant manner.



instead, rely on magnetic materials or transistorless thin filmcircuits
to store data. A nmjor advantage of chipless RFID tags is their relatively
| ow cost .wOhg/oshesndvant ages 5 of chipl ess tags include tha&CTiusey3@re range
limted (several centineters at the nost) and only contain limted

anounts of information. The severity of these problens has prevented their
mar ket acceptance in spite of their low cost potential. 10 In the year
2000, the current global market for conventional RFID systems and services
is in the order of 500 million U S. dollars. This market is largely for
Chlﬁ bﬁgf thﬁp }ypically cost from aboft one dollar to tens of dollars
each. ile chipless tags are not selling well, 15 they have. generated
great interest fYdmRlaenbeRFEP tﬁSFeﬁPi&Ptu§€F§a5€c§u§EQﬁoqﬁiﬁ:%qQWvcost
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conventional RFID systems and services is in the order of

500 million U.S. dollars. This market is largely for chip
tags that typically cost from about one dollar to temns of
dollars each. While chipless tags are not selling well,

15 they have generated great interest £from a number of
potential users because of their low cost potential. A
huge gap exists in the automatic identification market
between the very low cost bar codes and the higher
performing RFID chip tags. The overall market is clamoring

20 for a technical solution to £ill that gap. The critical
characteristics of the new automatic identification
technology to fill this gap are: (1) a cost of between one
cent and ten cents per tag when manufactured in high
quantities; (2) zreliable reading without the need for

25 manual scanning by a human operator; (3) reliable reading
without a line of sight between the tag and tag reader
(i.e., reliable reading even if the tag is scratched, or
covered with dirt, or on the wrong side of the package,
etc.); (4) a reliable read range of at least one to two

30 meters; and (5) a tag data capacity of roughly 100 bits.
Such tags are of vital interest to postal authorities,
airlines and airports, mass transit authorities, animal

breeders, the livestock industry, delivery businesses, any



WO 03/ 052682 PCT/ US02/ 36870 -6 business with significant supply chains,
particularly those that maintain inventory or handle fast noving consuner
goods, ami0o99/082682 These are all applications where a hi ghPCprisSorshsrag i s
not practicable, particularly where the tag 5 is disposable or is going to
be sold with the product. Accordingly, what is needed in the art is a
reliable, economcally priced, small identification tag upon which can be
encoded substantial identification data that can be read at an adequate
range and can be used in a variety of 10 environnents and for a variety of
applications. WD 03/ 052682 PCT/ US02/368%0 -7 SUMVARY OF THE | NVENTI ON To
address the above-di scussed deficiencies_of the prior art esent

the pr
i nvention pPBTiEess MLk f%?éé’ii%%§PPE’1%9}§3%§§WP?’6%H‘H?]£¥i F%g and

net hods of ©ReE atdNGanth MAvEACtYyi R thenbag. Adsneoerhgdig®iumed he tag
includes: (1) a piezoelectric substrate having a SAWtransducer %;ﬁt ed
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thereon, (23°adgr owdofOsPBt s TREFARTE) Byl BRI {fia SPHd IR adtd Phase
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anong the slots such that thé reflectors éncode a nunber by both pul se
posi t i on5 andis paseopabiei /. 1Fhgopreskat benvehti BAthhEher BF@IPGEr oduces the
broad concept 0&c88?59%%3@9, bt B PPasg- 8883 PLh SEnPOSHE | O & ke ulAt i on

and/or the use of multiplre” pulse conbinations to dramatically increase the
anount of dacanehacaidlBAWricgdnt ismadadt | bferiayt tanttont &4PE. UBGEh TiGease

allows 1adSey}0pgolhabReaUbshatlielafial denti B ca Bl ORANLYa Ut CATRET S,
which allows the tags to be used to 1dentify and track an
read at an adequate range and can be used in a variety of

10 environments and for a variety of applications.



20 unprecedent ed nunber of objects uniquely and reliably. In one enbodi nent
of the present invention, the reflectors are arranged wherein the phase
positi on WO oBns268uadrat ure. I n an enbodi nent to be il ust Parasozss70

descri bed, the phase arrangenent of the slots effects phase 25 nodul ati on,
which is in part responsible for the data- carrying capacity of tags
constructed in accordance with the principles of the present invention. In
anot her enbodi nent of the present invention, the identification tag
further includes a framng reflector 30_|ocated between the transducer and
the group. This fram ng refl ector may bé7?egarded as a start reflector. In
an enbodi nent to be described and illustrated an _additional W 03/ 052682

PCT/ US02/ 36870 -8 end ref| eSUBMAEYdOFhdHE IMVENITIONCt or serve to frame the

groups of reflectors that actually encode the nunber. In still another

enbodi nent of the invention, the SAW identification tag is further
conmprised of a plhift aPfEyed? thegrpee Ehir et Re bileddgdcepac8Es OfTheh@ead

spaces, whilg-iRat negessany t prihenpresenbnikAvent LeBvigepar at estheageoups
so as to decCrease interactions which may cause excessive inter-symbol

i nterfereénc@Caustoe WaBEdI M) oflqwlﬁﬂ@@éiﬁioﬁ nvadt idpd teeheds 26

encodes a NG dr ahah€BStL & PhEsthgng. 4D ond i k889408
enbodi ment the taé:glhﬁgtas a I%ra |t§/§o?£%t egsg f our gcr)oupé ?ﬁgt&pﬁgw de

for a nunberthehdiag siagludeast (32 b @ﬁ@ﬁ}eqtﬁlﬁ RS teia e | javer@f fci al
enbodi ment, dye E%%n@@%cérml’éé‘étéd CB‘hea.zteéﬂaf'ﬂ‘st(2 we(ljveg grglﬂpssi‘ﬁgodl ent

encodes a nunber whi is at least 96 bits long. In yet ot her
of the presmranmthymoth paliseapogicarn endorhipgar pdstsipnoduceaadSAW

havi ng 80 substrate; and (3) a number of reflectors distributed among
the slots such that the reflectors encode a number by both
pulse position and phase position.

The present invention therefore introduces the broad
concept of employing both phase and pulse position

15 modulation and/or the use of multiple pulse combinations to
dramatically dincrease the amount of data that a SAW
identification tag can contain. Such increase allows tags
to contain substantial data, e.g., globally unique numbers,
which allows the tags to be used to identify and track an

20 unprecedented number of objects uniquely and reiiably.

In one embodiment of the present invention, the
reflectors are arranged wherein the phase position is in
guadrature. In an embodiment to be illustrated and
described, the phase arrangement of the slots effects phase

25 modulation, which is in part responsible for the data-
carrying capacity of tags constructed in accordance with
the principles of the present invention.

In another embodiment of the present invention, the
identification tag further includes a framing reflector

30 located between the transducer and the group. This framing
reflector may be regarded ag a start reflector. In an

embodiment to be described and illustrated an additional



frequency of between two and three gigahertz. A useful aspect of this
enbodi nent provides for the transducer to 20 produces a SAW having a
frequencywofosabmwer 2. 45 gigahertz. In still yet another echasosasyoof the
invention, at |east sone of the reflectors are single strips of
conductive material. The reflectors may alternatively be nultiple strips
coupl ed together to act as a single 25 reflector, or may be of any shape
that is suitable to a particular application. A particularly beneficial
enbodi ment of the present invention provides for the tag to have a

gl obal |y unique nunber, thus permittin§ the uni que global identification
of 30 a | arge nunber of objects. This unique nunbering capabilit

advant ageousty BefbeesoBbpaet ther sfsedt )retieekdhgSeans, t%%ﬁaﬁ‘s‘u#@d with

the abili ty%f&loggcgﬁeré/ﬂactééé geninder $a1 Bf f&cdSaa gho&bahmebt ect tracki ng
system WO 03/052682 PCT/US02/36870 -9 In one enbodi ment, of the present

i nvention, the nlimbdrilkoneirer qitrderent mihdho dVSEit &860&% ed

with the tﬁ%engbﬁ§eaﬁbgnt@9%i§sa@ﬁ§95@99@%&F¥i§EEi&%daI@ﬂ®&aQQk%Ckﬁ whi ch
may be a machine part, a package, supply part, 5 inventory item _another
i dent i f i Tatgopupagseparanedobyasigadotsmacas pe Bire catagoFPasesobj et & hat

can be grouped ero.&lassidd ethe LB.aBALNehy eRROdh Ly otatbeANRRIN, t he

nunber inclUdes an error detection portion. The error detection
portion mayséumshép Peawsas ol wferagiorondr vetehomayo CalSite £3CFHM ext ent .

O course, f££8£—§§%$8§i9Ht§£fef&#%§?ti0” is not required in the broad

scope of the "pre nventr on. e foregoing has outlined, rather
broadly, preferrgd one embodiment of the present invention, the tag

10 encodes a number that is at least eight bits long. In
still another embodiment the tag has a plurality of at
least four groups that provide for a number that is at
least 32 Dbits 1long. In a particularly beneficial
embodiment, the tag has a plurality of at least twelve

15 groups and encodes a number which is at least 96 bits long.

In yet another embodiment of the present invention,
the transducer is configured to produce a SAW having a
frequency of between two and three gigahertz. A useful
aspect of this embodiment provides for the transducer to

20 produces a SAW having a frequency of about 2.45 gigahertz.

In still yet another embodiment of the invention, at
least some of the reflectors are gingle strips of
conductive material. The reflectors may alternatively be
multiple strips coupled together to act as a single

25 reflector, or may be of any shape that is suitable to a
particular application.

A particularly beneficial embodiment of the present
invention provides for the tag to have a globally unigue
number, thus permitting the unique global identification of

30 a large number of objects. This wunigue numbering
capability advantageously effects object (or asset)
tracking, and, when coupled with the ability to encode very

large numbers, effects a global object tracking system.



15 and alternative features of the present invention so that those skilled
inthe art may better understand the detailed description of the invention
t hat fol Iwa3/0zeiti onal features of the invention will [PeTdSsTsdshEd
hereinafter that formthe subject of the clains of the invention. 20 Those
skilled in the art should appreciate that they can readily use the

di scl osed conception and specific enbodinent as a basis for designing or
nodi fying other structures for carrying out the sane purposes of the
present invention. Those skilled in the art should also 25 realize that
such equi val ent constructions do not depart fromthe spirit and scope of
the invention in_its broadest form W 03/052682 PCT/US02/36870 .-10 BRI EF
DESCRI PTI ON OF THE PFRAWTRZSFE G HoltdecBRFFERE tHYSTELGRdI HgF gt

present inygAthons aster gge‘ceahﬁlﬂgwwsa%@l b e faldamiated widasciligti ons
taken in conjunction with the acconp 3ramnn i_n which: FIGURE 1

il lustratestad.i sBuetridsitdy \hse\ﬁ/déﬁan agﬁgpgéy §5%%?{ﬁ6 BRAPT ddG%FG cat i on
machi ne enplayLAg @, ebodi mRiinee t Barpr esgntoddiend i oaubglyd?ﬁfﬂf,\/

parcels as 10 they are carried on a conveyor belt through a rea
|ncorporéteénVﬁntﬁéYnﬁéﬁmmeanPFQ@RE%@qqq%ﬁ%¥%ﬁé§-5%@4ﬂﬂ@%ﬁ%ﬁﬁ%ﬁn%ﬁyan

embodi ment ¢ £ EQSPYNLeAldRRS LNtV Kogfi Bt Yo dat o€oul d
be usefully enp?oyggEVnth tie %?Egent Fﬁ@entlon 15CFIGUSE 3 illustrates a

pl an vi ew oflasedpisdrface of an enbodi nent of a SAWidentification tag

constructed in RHCOLAANEE Wollok DReRE CRRNcHVeALEARL oF! OURE hidbaist rat es

an exanple of digit show ng
includes an error detection portion. The error detection

10 portion may further be capable of error correction to at
least some extent. Of course, error detection or
correction is mnot regquired in the broad scope of the
present invention.

The foregoing has outlined, rather broadly, preferred

15 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.

20 Those skilled in the art should appreciate that they can
readily wuse the disclosed conception and specific
embodiment as a basis for designing or modifying other
structures for carrying out the same purposes of the
present invention. Those skilled in the art should also

25 realize that such equivalent constructions do not depart
from the spirit and scope of the invention in its broadest

form.



four positions of a tinme span for transmtting data using 20 conventional
PPM FIGURE 5 illustrates an exanple of one enbodi nent of the invention
showi ng pwbsg/opwssiti ons for a conventional four state di gcraiSoRgRsyo Fl GURE
6 illustrates an exanple of an enbodi nent of 25 the present invention with
al l owabl e pul se positions deliberately structured to have significantly
overlapping spacing that is smaller than Tmn; FIGURE 7 illustrates the
details of one enbodi nent of pulses with a five-fold increase in the
nunber of states 30 that has a limted detection margin; FlIGJRES 8A and 8B
illustrate the real and inmaginary parts0of overlapping pulses with an
added phase shift of +90; WD 03/052682 PCT/US02/ 36870 -11 FIGURE 9
illustrates an embodi neMRIGEF DFSCRIFFFMORF HHE PRAVINSGSe i ncrenent ot her
than 90 is used with substantially inproved discrimnation between the
correct state and the neighboring states where the all owable pulse 5

spaci ngs are Tni Fp% and 1?8, 5Omﬁg§éedi¢ﬁ@¢@k@1®m%@ﬁ BBpagerRseit owned

states is used. Fl GJRE il r at, enbadigent jof g dn ng hum, Pl se
spaci ng rul Zﬁgﬁgﬁa%gl' oms%%t;flseiljr?gl%%PG%e%I ‘grn% W t% PjI'SK;o FI GURE 11 ivluf}u%istrat es
a tabl e Shodergrihei@86 pedsihl énil@atares itat wikd sthfhedcedimranyetd ect or s

are used in : .St ots having a skip factor of four; FIGJRE 12
illustrat esd?ggﬁé{égéhg\%‘\j ﬁ’ﬂgu'?\%\lo sub-groups of states froma SAWRFID tag

with four refl ecFoESRBerl giddpstr2fes| ot geomptady, aiphasedvicpénent
petween adj 8gent; 15,5101 R 9% ' Radh¥h #100: 1840 ofih iU CEhBRYGInFULagr OUPS
embodiment of the present invention to identify parcels as

10 they are carried on a conveyor belt through a reader
incorporated in the machine;

FIGURE 2 illustrates a block diagram of an embodiment
of a computer or communications network of a type that
could be usefully employed with the present invention;

15 FIGURE 3 illustrates a plan view of a top surface of
an embodiment of a SAW identification tag constructed in
accordance with the present invention;

FIGURE 4 illustrates an example of digital PPM showing
four positions of a time span for transmitting data using

20 conventional PPM;

FIGURE 5 illustrates an example of one embodiment of
the invention showing pulse positions for a conventional
four state digital PPM;

FIGURE 6 illustrates an example of an embodiment of

25 the present invention with allowable pulse positions
deliberately structured to have significantly overlapping
gpacing that is smaller than Tmin;

FIGURE 7 illustrates the details of one embodiment of
pulses with a five-fold increase in the number of states

30 that has a limited detection margin;

FIGURES 8A and 8B illustrate the real and imaginary
parts of overlapping pulses with an added phase shift of
+90°;



ten slots each; FIGURE 13 illustrates a table showing the states for a SAW
RFID tag with 10 slots, tw reflectors and 36 possible placenents; 20

FI GURE 14woloBuostesnt es a bl ock di agram of a nmethod of operaTiusg2/a683AW
identification tag carried out according to the principles of the present
invention; and FIGURE 15 illustrates a bl ock diagram of a nethod of

manuf acturing a SAWidentification tag carried out 25 according to the
principles of the present invention. WO 03/052682 PCT/ US02/ 36870 -12

DETAI LED DESCRI PTI ON Referring initiall{ to FIGURE 1, illustrated is an

i sonetric side view of a parcel sortingland identification 5 machine 100
enpl oyi ng an enbodi nent of  the Qresent i nventiqQn to identify_garcets 110 as

they are carried FFURE conlblbrtheles 120 CHPOAGRSRE &fderl e 38"V REbEBBr at ed

in the machiRec108. JhhgeMBEhbREndRO istHLPr esenrt above iof tbed kiaghof
machi ne 100 the present invention nakes available 10 to a | arge nunber of
busi nesses FaASTGIE ivdddy tionRRsmd 44 s@btedtal @1 PpEresRuFaei E9TraREL s

i |lustrated i el t9e SRITRASALE cehtaknywHaebuthaspetbaaslict BR1BEESENt
invention. Those of ordinary skill in the art will understand that a

seem ngl Y esdlassqigsuries BRimdehpnd 2007815 carfasfurdt Fhnseran betysen to

i ncorporate _readers 130 Jhat ocantid iL@aedt;he present invention. SAW
identificatﬁgﬁ S%g 1§O readéﬁs 1303Tor I nterrogating and decodi ng SAW

i dentification pé@GIWUEré@pdﬁ§@§t&ﬁé€@§§@@i@@@Oﬁﬁﬁﬁ@ﬂaﬂrfiﬁ ungnipahent
(opl) ot on RS PP RS iR mPdste, Mtental tobne
Hart mann, commoONIREGURE 11 illustrates a table showing the 286 possible

10 states that exist when three reflectors are used in a group
of 21 Slots having a skip factor of four;

FIGURE 12 illustrates tables showing two sub-groups of
states from a SAW RFID tag with four reflectors per group,
20 slots per group, a phase increment between adjacent

15 slots +90° with division into two interleaved sub-groups of
ten slots each;

FIGURE 13 illustrates a table showing the states for
a SAW RFID tag with 10 slots, two vreflectors and 36
possible placements;

20 FIGURE 14 illustrates a block diagram of a method of
operating a SAW identification tag carried out according to
the principles of the present invention; and

FIGURE 15 illustrates a block diagram of a method of
manufacturing a SAW identification tag carried out

25 according to the principles of the present invention.



assigned with the invention and incorporated herein by reference. There

are nunber of historical business applications 25 where object

i dentificabioefsassz h specific particularity has always beeoTrusqusesed. The

transportation industry, for exanple, has always had to identify each

| uggage and freight itemwth particularity fromorigin to destination.

30 package

delivery services; mail order catalog stores; and even the cattle _

i ndustry, where each cowis tracked froqubirth to the time it is delivered
e

O her such businesses include overnight delivery services;

to the slaughter house. The nethods us

by these busi nesses have ranged

from WD 03/052682 PCT/ US02/ 3687, s or brands on the
obj ects that enable the obj ect&%A%JgElg %W%tl fied to using sonme
formof an existing prior art identification tag systen1 The i nexpensive

SAWidentificatio ? %a s. 140 .desg
traditi onal identTffE

5 wi revol uti oni ze

d h
184 &H&%EP& EiH§§r§§§pgﬁsJﬂThé1%¥ﬁ9¥§@%@lﬂﬁcéﬁ}on

tags 140 covesedebyithisdeinventdona haversufddal ny Lol a canad fosang a
reliable enougg read_range to supplant nost prior art identification

syst ems. The™P

8%t LA0enEMBACKERP eRAbI éﬁ%opéaﬂﬁpénaloflo Ihesi meesent

required to g:h@@ﬂtwnlﬂ@nidéﬂtﬁ PAAEK O BEtSs A Mtdbﬁ&:lﬁereds;dehstao do

currently us?%velﬁ?rh%%lrihgl%o Flé‘é‘él‘ilﬂﬂ}' 3 dettdey ail @ mernoraiasl igorhe or m
of 15 identhiékahéonobag kaE'ijs t RgchiMEN 0N ﬂ;%éﬁ@geﬂea@;

so nore econom cally and nore ficiently. Not only wll

Pe pé'ft 't‘Hél arly

useful, but the_|l ow cost, gh data capacity onger I able read
range will erbothe?tolReRinguiPAesbes Presensd igyention SmkEsd@avE ifisddts on
tags 14010 to a large number of businesses having a need to identify

15

20

25

30

objects with particularity and is illustrated in order to
demonstrate certain wuseful aspects of the present
invention. Those of ordinary gkill in the art will
understand that a seemingly endless number of machine 100
configurations can be used to incorporate readers 130 that
can utilize the present invention. SAW identification tag
140 readers 130 for interrogating and decoding SAW
identification tag 140 responses are described 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,” by Hartmann, commonly
assigned with the invention and incorporated herein by
reference. |
There are number of historical business applications
where object identification with specific particularity has
always been required. The transportation industry, for
example, has always had to didentify each luggage and
freight item with particularity from origin to destination.
Other such businesses include overnight delivery services;
package delivery services; mail order catalog stores; and
even the cattle industry, where each cow is tracked from
birth to the time it is delivered to the slaughter house.

The methods used by these businesses have ranged from



only some of which can be anticipated. For exanple, 20 because SAW
identification tags 140 can be nade so cheaply while still being able to
contai n Iapga/oss8nts of data, it w |l become econom cal PCarUsaz/gsocery
store to track individual inventory itens, such as a specific can of soup
or a specific |oaf of bread. By making this information 25 available to its
suppliers (by using the Internet, for instance), such suppliers will be
able to nore efficiently keep the store's shelves stocked by repl aci ng
itens sold or renoving itens that becone outdated. There are, of course,
several yet to be identified 30 busines3 and other applications that will

find the present invention useful, all of which are within the intended
scope of thElBFé§€nQQQﬁkﬁn?ﬁnbriﬂdFm&ﬁrﬁhﬁv@ph§%t%f%%ﬁg ﬁﬂ%ﬁiﬁ&khe

i nvention W@Bgéceahb ber va sSAWM kdedenfriiFalddont d ags MQ BHRS2687 of an
PCT/ US02/ 36870 -14 140 to be placed on another identification tag, whether
such other E%§sting sEWACdentith catdsdtifdgef4®n a 19 orS% 4™t ag, OICa

subsequent | ynkbapentedet atw Hisntisei o sh beagappuopdeticsided lexaaph e,
where a very expensive 5 identification tag is used to identify shi ppi ng
cont ai nep HhéliFeV§1H§é@§§§?th6d%E%BPﬁlth@eﬁébf%BaFﬁ%nsﬁPﬁp%¥a€kln$erify

that the conlaiRgk .t agHes GENUIRSt iREILHNIRY W to I BdRE-dg B semes t he
illustrated “machine 100 is being used by a parcel delivery conpany that

10 is in thénygsthess kAve eeaiffingeatpaddiad FrEMC t3hi Ppdr 4 nrgf.éale}%y and
del i vering Lhot@nareaai Phagt {d ARPNGL: Gl prassuge.l tubher i bati dhe
machi ne 100 1s but one of a nunmber ™ of such simlar machines 100 bei ng used
by the deliegegembusi n€5s WirEmeRti t E1esRtton oWiddr finvdlls BBREEeIPHA! poi nt s

15 and Q%li%EEXn%EQE%|§%quired to globally identify and track objects
with particularity to do so more economically and more
efficiently.

Not only will businesses currently using, or having a

readily identifiable need to use, some form of

15 identification tag find the invention described herein

particularly useful, but the low cost, high data capacity

and longer reliable read range will empower other

businesses to find uses for SAW identification tags 140,

only some of which can be anticipated. For example,

20 because SAW identification tags 140 can be made so cheaply

while still being able to contain large amounts of data, it

will become economical for a grocery store to track

individual inventory items, such as a specific can of soup

or a specific loaf of bread. By making this information

25 available to its suppliers (by using the Internet, for

instance), such suppliers will be able to more efficiently

keep the store’s shelves stocked by replacing items sold or
removing items that become outdated.

There are, of course, several yet to be identified

30 business and other applications that will find the present

invention useful, all of which are within the intended

scope of the present invention. An imaginative use of the

present invention would call for a SAW identification tag



Located on or inside each parcel 110 within the conpany's delivery system
will be a SAWidentification tag 140 that is constructed and operated in
accor dancwowsiseshe invention described herein. At each peoirnisod/sssrhe
system as 20 a parcel 110 passes through a wi ndow 135 in a nmachine 100, an
interrogator 145 in a reader 130 nounted on the machine 100 transmts a
radi o frequency interrogation signal that excites the SAWidentification
tag 140 on or within the parcel 110. The SAWidentification tag 140 t hen
responds 25 to the interrogation signal, which response is detected by the
reader 130. The reader 130 then decodeEi%he response to obtain the

|dent|f|cat|on nunber for the particul ar arcel ,110. Those of .ordi nar
skill in thé4Berta nent PARESHi 190 3P ﬂﬁﬁ%r%gﬁﬁﬁlfﬁﬁﬁ tigBt &g udihiF Y

i denti ficat 5@Bnt 88Re+4Pag0fs tdhe AW Rt s Eridaed dretagn1wpl, | afpmaozum:gue
features. For exanple, the systemillustrated in FIGURE 1 w | ggg%a

li kel y reunﬁgraCﬁééﬂe?u@%®q¥%n%%ﬂe1§ﬁePH?§rFé@htorTﬁﬂ% VEFOEF@@

PCT/ US02/ 36878:opdbatiel h acspadiniel,d Lmbzspans thexyl didiosing bes
conveyor 0 in order to |dent|fy each parcel 110, regardless of its

posi ti onSor 18epEREAFREACENt 2Bl HAIFEd I &§ei“1t1|§é(s§e§h1Pﬁ%BﬁgCFPIﬂth?e1W1ﬁdow

135. 1n ordghal qehandl godbblgrpntosiceenrn Unda sl toltle 1A gaadas: wi ndow
135 nust also be large enough to permt all sizes of parcels 110 to easily

pass throuyBrifhi shatséhreanstepaert hadr é4deen30eand tag 140 conbi nation
must have suffi ng@%ré%%e 3% L Re readers 130 can.rel iakl viTeadt tde SAW

identification t a 10 parcel 110 nost distant fromthe reader
130. In a dehichéng 308t & bekho assahdty bBebagcassdabdvenEr eprpany that

inportagb tEEt hn£BEnghbgﬂe§QOHE 9e8@£9§hglé arcel from a shipper in

one city and delivering it to a recipient in another city.
Assume further that the machine 100 is but one of a number
of such similar machines 100 being used by the delivery
business within its system of terminals, collection points
15 and delivery vehicles.
Located on or inside each parcel 110 within the
company’s delivery system will be a SAW identification tag
140 that is constructed and operated in accordance with the
invention described herein. At each point in the system as
20 a parcel 110 passes through a window 135 in a machine 100,
an interrogator 145 in a reader 130 mounted on the machine
100 transmits a radio frequency interrogation signal that
excites the SAW identification tag 140 on or within the
parcel 110. The SAW identification tag 140 then responds
25 to the interrogation signal, which response is detected by
the reader 130. The reader 130 then decodes the response
to obtain the identification number for the particular
parcel 110.
Those of ordinary skill in the pertinent art will
30 understand that systems using SAW identification tags 140
of the type described herein will have unique features.
For example, the system illustrated in FIGURE 1 will most

likely require a reader 130 to have an interrogator 145



be made widely available after it is identified. In order to dissemnate
such information the illustrated machine 100 15 is coupled to a conputer
150, thatwosbsaesbne of a nunber of conputers 150 in a n@CwArsk2/36870
(hereinafter described) Because the parcel 110 identification information
is available on the network, a nunber of decisions and actions can be
taken with respect to the parcel 110, such as 20 furnishing tracking

i nformati on about the parcel 110 to the shipper; routing the parcel 110
for delivery via another carrier; designating the parcel 110 for | oading
on a vehicle for delivery; and so on.”ffurning nowto FIGURE 2, illustrated

is a block 25 diagramof an enbodi nent of a_ co r o omruni cati ons
net wor k 200"t k&t 2c66RE1HE éégﬂélFFaEnﬁpéﬁﬁdtﬁﬁtwmﬂﬁi ?ﬁ tC9hFeffts on.

The networ k20 €odl dnberdckoedl il i fetasnk da'dAN' )11@ WdeteaAllessd\Net wor k
("WAN'), an intranet, an extranet, the Internet, a generalized internet,

any 30 combPhalFBro@Hbl R OB RF IR GITe8 th6r PELEr L£P cafi bh P3RFTHses.

as used herehBoagni Pheapetabs B P! i Mat erfetWebkna 88Dk sl Nete Wi 4l ek
enterprise (such"as a parcel delivery business with multiple offices) and

may consPst O&f PADCE3F051582 ST/ 1P 3687RACY 183 P niBFET AREE (DANS'ATRF | eased
lines in a @ﬁéﬁugﬂyw@éﬂmt&%m ni{anetoal 59 -botkuded ¢oNNatigns 44 ough

one or nore gareway conputers (not shown) to the Internet. The main
pur pose of &hrprghanefhiis @dsehaeansnftdafatthen RaRfs dothhihdaesbif ces

and, 1n SOMBokB3haReeR, nhil afVd LLLE s MG Nahfe UEBURSe MAla@Mle, @
elivery conpany nmay keep certain information about a parcel 110 within
its intraneensystlemblyr iresdoviais8APutigrsriiiicatcews tag i Mor @atidn
about papcel,s, -84Ch18S nbbRCki Bho! LER! LAB: rb9der 130.
In a delivery system such as that being assumed
herein, it is important that information about a parcel 110
'be made widely available after it is identified. In order
to disseminate such information the illustrated machine 100
15 is coupled to a computer 150, that is but one of a number
of computers 150 in a network (hereinafter described).
Because the parcel 110 identification information is
available on the network, a number of decisions and actions
can be taken with respect to the parcel 110, such as
20 furnishing tracking information about the parcel 110 to the
shipper; routing the parcel 110 for delivery via another
carrier; designating the parcel 110 for loading on a
vehicle for delivery; and so on.
Turning now to FIGURE 2, illustrated is a block
25 diagram of an embodiment of a computer or communications
network 200 that could be usefully employed with the
present invention. The network 200 could be a Local Area
Network (“LAN”), a Wide Area Network (“WAN”), an intranet,
an extranet, the Internet, a generalized internet, any
30 combination thereof, and many others. For clarification
purposes, as used herein an intranet is a private network
contained within an enterprise (such as a parcel delivery

business with multiple offices) and may consist of



10 its custoners over the Internet. Another exanple of how the present

i nvention can be wusefully enployed using a conputer or conmunications

net wor k 200 0a0sd682 be a busi ness such as a grocery or har theAIESIEEME.
Because each itemin the store would have 15 a SAWidentification tag 140
associated with it, as an item is sold information about the sale is
entered into the store's conputer that is connected to a network 200. |f
the store's suppliers have access to the network (perhaps via the
Internet) , such suppliers can nonitor inventory and 20 restock sold itens
or renpve itens that become outdated orléthat are not selling. Simlarly, a

wi de range of interested parties can sinultaneously achieve benefits from
access to thnsegaiakedy LANS fRE Lgpredl léBRPuiBren r KL PRBCEMA 1 dHfrent

25 wi |l be apsenuer 2Hsd hatchpekddesodied€asts OrBrdababaste ber feegi ving
requests, performng specific tasks, and retrieving and updating
i nf or mat i ongasg¥RYaSOMANESTE  {Hak aplRowRketOabhpy Iy SFElK -r eSPECtTMR PR t ens

| dentified Bﬁrp§é}4\/i dent Lfi cahieANntags; 440y o ThEhEPEPULBF o AREMDEK 283 DSt
30 probably"w I'l" i nclude one or nore of a varjety of conventional
i nterfacé deempesingusiesgsrgessardl, denmpaes sinstancespnvent fanklitate

wor kst ati on cqnyvent | offj.ce ter st eas-240,
convent i ona?”"%g*g%l%p con%%‘%e 3" 250 WO 031052682 PCT/luso%’/zsea?/‘o Y17 n
addi ti on tokeepveraitonat infermatécdevikns; a aopsiftler 11hetAdik200E2an

al so includ al _di.gital sk sta a i ndividua dressabl e
vehi cl es ("?E%%%iggn ?géﬁéé7 c%inHEg gﬁiniﬁg%ruﬁg%tﬂggﬁgb egg¥e%grt§?n
conput er 5 finfotinengonhaboiis panbehed sweth 2@ wrneekdsy ieerveriand/ op

transm ter ;and |3 bpdiy dyal! ¥ xaddressapke. For exanple,

Another example of how the present invention cah be
usefully employed wusing a computer or communications
network 200 would be a busginess such as a grocery or
hardware store. Because each item in the store would have

15 a SAW identification tag 140 associated with it, as an item
is sold information about the sale is entered into the
store’s computer that is connected to a network 200. If
the store’s suppliers have access to the network (perhaps
via the Internet), such suppliers can monitor inventory and

20 restock sold items or remove items that become outdated or
that are not selling. Similarly, a wide range of
interested parties can simultaneously achieve benefits from
access to this data.

Within the typical computer network 200 environment

25 will be a server 210 that includes at least one database
for receiving requests, performing specific tasks, and
retrieving and updating information, such as, in the
instant case, activity with respect to items identified by
SAW identification tags 140. The computer network 200 most

30 probably will include one or wmore of a variety of
conventional interface devices, such as personal computers
220, conventional workstations 230, conventional office

computer systems 240 and conventional laptop computers 250.



a delivery vehicle or a baggage handl er can have a termnal that is an | AV
270. Turning nowto FIGJRE 3, illustrated is a plan viewof 10 a top
surface 3Wb o582 enbodi nent of a SAWidentification tagP8@WSODsSIruct ed
in accordance with the present invention. The SAWidentification tag 300
has a substrate 310 with well known piezoelectric characteristics. Located
at one end of the surface 305 of the substrate 310 is a 15 transducer 315.
When the transducer 315 is electrically connected to a neans for obtaining
an interrogation signal froma reader (e.g. via an antenna) , a signal
having a known frequency and anplitudel¥s generated that travels down the
substrate 310 as a surface acoustic wave or SAW 20 In one enbodi nent of
the inventi &f, 28Aé tipanSQUEEVEIR liogia lc IR fifes® 1 prvtfic e LBBN IR ng a

frequency of,cbgbwren oot W0y angh £Hr e8c8h8aNBorA1Paltd atdar dys used it s aspect
of this enbodinent is haV|nglthe transducer configured t roduce a SAW

12, e . o P
having a frégdenpy dndawéduatlysagiganepbieoselehed (REAVNE er i BWAI |y
recogni zed LSy hang. X ERY! st A S€aBhn@EdidAr keskihh | dobhigcer
pertinent art wl understand, any frequency between about 400 and 6
GHz wi | B b&uncthinst hBatniendedbinegevbtht Aewpresent TaVRAY$BANASON | |

any other T Eedugnaycisednto B ofdyeg gust¥l; 30qkocatedoon kbe sulfdre, 305 of

t he substrat are reflect gned fo reflect a portion of the
SAW back te @héiveapsdebérl8lsr q e gasides dogndd e3202ar baver ¢ apepedizal encode
dent | 1 cat FURCnaRoar Fht 2227 be decoded or demodul ated. ~ In one
enbodi ment of th&urnvegt how, tohBIGURAt3 f i idatissiratadier ai lghobaevyodini que
to the iBngfkgpSQWQface 305 of an embodiment of a SAW identification
tag 300 constructed in accordance with the present
invention. The SAW identification tag 300 has a substrate
310 with well known piezoelectric characteristics. Located
at one end of the surface 305 of the substrate 310 is a
15 transducer 315. When the transducer 315 is electrically
connected to a means for obtaining an interrogation signal
from a reader (e.g. via an antenna), a signal having a
known frequency and amplitude is generated that travels
down the substrate 310 as a surface acoustic wave or SAW.
20 In one embodiment of the invention, the transducer 315 is
configured to produce a SAW having a frequency of between
two and three gigahertz. A particularly useful aspect of
this embodiment is having the transducer configured to
produce a SAW having a frequency of about 2.45 gigahertz
25 within the internationally recognized ISM band. Of course,
as those of ordinary gkill in the pertinent art will
understand, any frequency between about 400 MHz and 6 GHz
will be within the intended scope of the present invention
as will any other frequency used to produce a SAW.
30 Located on the surface 305 of the substrate 310 are
reflectors 320 designed to reflect a portion of the SAW
back to the transducer 315. The reflectors 320 are

arranged to encode the reflected response with an



identification tag 300. 5 In one enbodi nent of the present invention at

| east sone of the reflectors 320 are single strips of conductive

mat er i al .woOhg/0s®B2 ectors 320 may alternatively be multi pl @CTAiS02/ps7@f
conductive material coupled together to act as a single reflector 320. As
those of ordinary skill in the 10 pertinent art will understand, the
reflectors 320 nay be isolated netal strips, electrically shorted netal
strips, dielectric strips, sem conducting strips, surface deformations
such as etched grooves, arrays of dots of any of the foregoing itens, and
numerous other structures, all 15 of whildr are within the intended scope of
the present _inventjion as are any of the other various ref]|ector 320

confi gur at i oH&eRhhEL ARl ¢ ﬁ%@%ervﬁgﬁttﬁ@ntpﬁngﬁﬁ€éﬁd3f§7d%ﬂ%?%ﬂ%i? “SAW

signal, the 1, 95AWLel gBabodiRELEdD Rl ORE (iR @A) Ofnéhe ubisiriala iTH) 20
until it encounters a reflector 320 and reflects a portion of the signal.

The unref | ect@dPort idh ofdkImaldaw sugagle cokPi nuele al oiRFEHel SubstAvht e

305 and genefgdgs; pdditionalagrehbected signals fromall succeeding
reflectors 320 to create the conpl ete nodul ated refl ected response uni que

to 25 that SAW i dEnt PRPcarbedinggyt3cd. thr pressBucénvsRbioBorfertardthis
conpl et e modylal g refl eféa‘?ﬁeé@éfé’nffo back gfh 18@ &ﬁ%g'&@lc&imu@m i's

returned to e reader by a suitab nmeans an antenna).
response is m&@¢w1@bcod&&5Gﬁﬂi@ﬂmmnsaﬁéﬁ m@Yr@¥§©In@heV%bEdb¢ﬂ@ﬂSAmﬂSO

: g:m: 1]:: g:t: on tgg %go % m&%cnﬁ%ﬂ‘?%% g%% I n%LA%MS. Pat ent

Appl i cation Skmgb¢ rbleOtOSZQZQI, Tentthosel ODbprdinpapi wirifidt vior Khe

Infa’S't{&Ctﬁgf%Iﬁgnyméggl%&%@8%ﬂ%£¥§$ggy?qglg rétPectors 320 may be

igsolated metal strips, electrically shorted metal strips,

dielectric strips, semiconducting strips, surface

deformations such as etched grooves, arrays of dots of any

of the foregoing items, and numerous other structures, all

15 of which are within the intended scope of the present

invention as are any of the other wvarious reflector 320
configurations that can be used.

When the transducer 315 generates a SAW signal, the

SAW signal proceeds along the length of the substrate 310

20 until it encounters a reflector 320 and reflects a portion

of the signal. The unreflected portion of the SAW signal

continues along the substrate 305 and generates additional

reflected signals from all succeeding reflectors 320 to

create the complete modulated reflected response unigue to

25 that SAW identification tag 300. The transducer 315

converts this complete modulated reflected response back to

an electrical signal that is returned to the reader by a

suitable means (e.g. an antenna). This response is then

decoded or demodulated to reveal the specific SAW

30 identification tag 300 number. The method of determining

a SAW identification tag 300 number is described in wmore

detail in U.S. Patent Application Serial No. 10/062,791,

entitled “Object-Naming Network Infrastructure for



I dentification Tags and Met hod of Operation Thereof,"” by Hartmnn,

commonl y assigned with the invention and
To descriwe oshsesz r angenment of reflectors 320 on the 5 swoFiusar/ass305 it

h

pul se position

el pf ul

i ncor porated herein by reference.

is

to consider relevant signal nodul ation nethods. Using conventi onal

into separate sanple values where a single pulse is used to transmt

i nformation contained in one sanple.

single pulse over a predeterm ned span of tinme serves to transmt the

information in that

PPM

f

skirts fromp, 'mbigfﬂn eF&%ﬁ%T.ﬁgﬁiﬁé&% 8bRvERESRhLA! | YuZ&L O pRfs ithen?5

peak of any selecte course, pulse spacing w der than

our possi BIERHAFEE eBHRHE B Y HeFHR Hdssi bl e wavef orms 20 whi ch

consi st of noninatd yadglentheatnsi fokenpithsse ey el-aETEctwhase2bi B Re tions
can be centered in one of four tine |ocations or pulse positions. The

ni ni num t3 neWRigatE 3ejuitted HebatRAupultee FEHIGINSTESCEARLr 1T

pul'seis

sanmple. Single pul'dés in subsequent tinme spans are
simlarly used to transmt information in subsequent sanple val ues

Tur ni ng now kEHIIdIREHL R | Tage r aRdd Meshod SGnPPerafioni JRELFORPIM

four positi ans-tfarth ! NBo®REALYOr askhansdl t tiitth datide Usk AgefioN¥ANt oAl
In this case, the_ sanple to be transmtted is digital and has one of

nodul ati on (PPM a data stream can be coded by dividing it

Changi ng the 10 tine position of that
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span of time serves to transmit the information in that
sample. Single pulses in subsequent time spans are
similarly used to transmit information in subsequent sample
values.

Turning now to FIGURE 4, illustrated is an example of
digital PPM showing four positions of a time span for
transmitting data using conventional PPM. In this case,
the sample to be transmitted is digital and has one of four
possible wvalues. Shown are the four possible waveforms
which consist of nominally identical single pulse waveforms
whose time positions can be centered in one of four time
locations or pulse positions. The minimum time spacing
required between pulse positions to ensure that skirts from
neighboring pulse positions are essentially zero at the
peak of any selected pulse is Tmin. Of course, pulse
spacing wider than Tmin can be used without affecting the
ability to demodulate a PPM signal, however, if pulses
positions are spaced more closely than Tmin, it becomes
more difficult to unambiguously distinguish one pulse
position from its neighbor. Sampling the PPM waveform at
each of the four possible peak pulse positions and
selecting the largest one results in the demodulation of

conventional PPM. It is readily apparent to those of

T S SRpdioald | A =IpRcClnaRLe CLoRgl ¥ LAl TH iedd dReCOMeS

O position fromits



conventional PPM It is readily apparent to those of WD 03/052682

PCT/ US02/ 36870 -20 ordinary skill in the relevant art that the

denodul atwon3/opesress must be synchroni zed usi ng one of aPoWniser/3asfo
synchroni zati on net hods known in the art. The four possible pul se positions
represent two binary 5 bits of data. A subsequent group of four pul se
positions occupied by a single pulse can represent an additional two
binary bits of data. As many sequential groups of four pulse positions as
necessary can be used to represent a deS|red data word contai ni ng nmany
bits of information. 10 PPM nodul ati on 74% favored nodul ati on method for

RFID tags based on SAWdevices, because (1) a single pulse can _be readily
created and Bfgépaﬁﬁef %azéhMV?%fFE FK?SEIéEEdthﬁ¥tqﬁffﬂﬁvgﬁ%%??%?% (2)

the various pubseski MuPeSsikl Oéhﬁnclﬁitcﬁﬁﬁiéd’ Redigle dRet RE sRatiatoed! agenent
of possible SAW15 reflectors, (3). the nunher of data bits is greater than

the nunber SYRSPYRELZHLESES EF KegiBednt &4 AR&Ertion | 0ss) and (4)

the nunber of SAWrhef FeGl-0pSss EFBE NSu RN YA il rablreRess Blig bagsry
identification nunbers (which leads to reasonably |owloss tags with

uni f or m pal s@i&fpritt @@é@ f o ZVREFAUSTY i HEOUR fc?fcaﬁ@%)l?umlt%%s use
of PPM for SAW.,BFLR 599@ %Hﬁ@l@aﬁuhb@ Lahl Pgﬁre:ef@ﬁﬁe hlé}&&ﬁ%@ﬂfﬂ%ude

(1) PPM data densit I ncreases chip size and
| ow data denBiPgryo tr?edoﬁ\n AL pr aciscdlanymREEUANSi 2és JrOUPSAWL hf per

creates an UpRebol ffids o dd1e, 25,BUHBEE 0! it Spd OfoDhAEY CAlp A0Sy ahd (3)

mul ti-bounce™ refl éctions between the va ious reflectors in tag
creat e unwantedipefsdstehaprdanonteéniagemanyhblisseprfpdnfornwdtd8h052682

PCT/ US024 36870 - 83y modulation is a favored modulation method for RFID
tags based on SAW devices, because (1) a single pulse can
be readily created and programmed by a SAW reflector placed
on the SAW substrate, (2) the various pulse time positions
directly relate to the spatial placement of possible SAW

15 reflectors, (3) the number of data bits is greater than the
number of signal pulses (which reduces tag insertion loss)
and (4) the number of SAW reflectors remains constant for
all possible tags identification numbers (which leads to
reasonably low loss tags with uniform pulse amplitudes for

20 any tag identification). However, the use of PPM for SAW
RFID tags also has limitations. These limitations include:
(1) PPM data density is low (which increases chip size and
cost); (2) the low data density combined with practical
maximum sizes for SAW chips creates an upper limit on the

25 number of bits for practical tags; and (3) multi-bounce
reflections between the various reflectors in a PPM SAW tag

create unwanted pulses that can interfere with later parts



of the PPM pul se train. The present invention overcones these and other
probl enms. For clarification purposes, as hereinafter used the term"slot"
(shown i r'wBloGRISB) refers to certain spatial 5 |ocati on®Corusa2/sashest r at e
315 where a suitably placed reflector 320 will interact in a predeterm ned
manner with a SAWgenerated by the transducer 315. Each slot is a

| ocati on where a reflector 320 may be placed as part of encoding sone data
el enent. Usually, each slot has a 10 uni que SAW propagation delay with
respect the transducer 315. Slots are often be described as "tinme slots”
since a one-to-one correspondence exi st& between the spatial position and
time position using a predetermned set of rules. Wen a reflector 315 is
pl aced i n a ¥pelhi BRPY| BHlSes taaddl-se Bre reFeeRTediIBARNEABRPVES COMESL ed

when the entifg&se AW G&-HhSr jiecded to a reading signal. As used herein,
the term"group” (shown in FIGURE 3) is used to designate a particular

col l ection of sl dter tRARTAfECREEaRe@UEBgEERer 29 MefR b Fgeandsaeécsdieng

dat a el ementig Ry veans. of ROl RCHL¥ERR! 8¢ ePERLQf LBNE Ok LARS %p%%EL%%Ct ors
320 in selected slots that conprise the group. In FIGURE 4, Tmn 1Is

defined &5 alajaniongr&Fenti nglestrate Bdigt Whenst #s weimadlet phagegd of
the PossibleulasoRP0sid LN JAGLOUR 115 eRLRMRALEMBLAGALECLL R Of 25

adj acent slots. The exanple 1n FIGQJRE 4, sho one group w our states
t hat repr esent SAWo geineaeyedatky bike. tirbnsfliogergrvips ofatdurslsiot s are

used, 256 POSSIN fore! ghere (87 r AU IONS) mGINLEX ISl L SLal 83, X destal es

X 4 states X 4 states = states hi's corfesponds to eig rts of 30
data (or fownaddiesg nepwedaiata hahemeskngl eUgnelipy. Hwse s256 stad es

(ef ght Dbigs af:dal ?,%%@CE?%S@;%%EE' Rh a0 3 Srespdct NERE 12a8LQL32" €
315. Slots are often be described as “time slots” since a
one-to-one correspondence exists between the sgpatial
position and time position using a predetermined set of
rules. When a reflector 315 is placed in a specific slot,

15 a pulse of reflected SAW energy is created when the entire
device is subjected to a reading signal. As used herein,
the term “group” (shown in FIGURE 3) is used to designate
a particular collection of slots that are treated together
in encoding and decoding data elements by means of

20 selective placement of one or more reflectors 320 in
selected slots that comprise the group.

In FIGURE 4, Tmin is defined as a slot representing a
time length that is centered on any of the possible pulse
positions. A group 1is represented by a collection of

25 adjacent slots. The example in FIGURE 4, shows one group
with four states that represent two binary data bits. If
four groups of four slots are used, 256 possible states (or
combinations) can exist (4 states X 4 states X 4 states X
4 states = 256 states). This corresponds to eight bits of

30 data (or four times more data than a single group). These
256 states (eight bits of data) occupy a total of 16 slots.
If these 16 slots are combined into a single group and

conventional PPM method is used, one pulse would occupy one



conventional PPM nethod is used, one pulse would occupy one WD 03/ 052682
PCT/ US02/ 36870 -22 of the 16 slots. The available 16 states (four bits of
data) is wpgniofiesantly smaller than the 256 states that womlusorasmt from
using the sane 16 slots in four separate groups with four slots each. 5 If
conventional PPM concepts are set aside and nultiple pulses are allowed in
a single group the nunber of states is significantly increased. For
exanple, if four pulses are allowed in a group of 16 slots, 1,820 states
exi st which is significantly nore than the 256 states 10 avail abl e by using
t he nore conventional PPM of four groups?rz‘of four slots (which would occupy
the sanme 16 slots). Further, if eight Eul ses are used in the group of 16

slots, 12, &0 shatd§ sletavai | Bt edvahiehles 14n adiesi s Phpe ovdment .

It seven, eigfity) 01smsa@nalfll%%§lt'19 104 oéhz;é %@eslzq:té stecall evg
35, 750 states are possible, whi corresponds to nore than 15 blts of dat a

(conpar ed t 6"QAWel @»"gﬁtt K tagn o#sm aher seaiey dift isddls PRMIRaE gspariafet he

same space) Cgigse 7@@ allowed in a single group, it 20 is
not proper tgor descri be the rm@'aJl tlocq}or mat as PPM A nore suitable nane

for this ew nmet Hod ieonwantiralpulRRY  sencpou ke ngetVPeK) denhend
keying is t BAY ML Rt L af&‘é%h%é&”m“@%ﬁ@%@’&if' r% éx%teﬁ» WP

i ncl udes: pat|t|on|nga ta streamto I'nto one or
nmore separ atfetaéaaﬁ)l s valgesficantlysingreased. harFoneetamele, mift fple)

pulses {0 LAY 2o SLVEBEATILE i (3 LCTBIAL) 19, b6 GpLeLhar
nomi nal | y buxiwdt wbdebsal$ | pigdjiddenatntly4)méhe than the 256 states
10 available by using the more conventional PPM of four groups
of four slots (which would occupy the same 16 slots).
Further, if eight pulses are used in the group of 16 slots,
12,870 states are available, which is an even bigger
improvement. If seven, eight, or nine pulses in a group of
15 16 slots are allowed, 35,750 states are possible, which
corresponds to more than 15 bits of data (compared to the
eight bits of data if conventional PPM wasg used in the same
space) .
Once multiple pulses are allowed in a single group, it
20 1is not proper to describe the modulation format as PPM. A
more suitable name for this new method is multiple pulse
per group keying (MPGK), where keying is the equivalent of
modulation. MPGK has several variants.
MPGK includes: (1) partitioning a data stream to be
25 transmitted into one or more separate sample values; (2)
using more than one (i.e., multiple) pulses to transmit a
given sample wvalue; (3) transmitting the more than one
pulses in a span of time that i1s divided into time slots
which are nominally but not necessarily adjacent; (4) the
30 collection of the time slots comprising the span of time
constitute a group of slots and (5) distributing the
multiple pulses among the group of slots in a predetermined

manner to represent the information contained in the



30 collection of the tine slots conprising the span of tine constitute a
group of slots and (5) distributing the nultiple pulses anong the group of
sl ots in wopses8Er m ned rmanner to represent the informaPCcerusopsdsad ned in
the WD 03/052682 PCT/ US02/ 36870 -23 separate sanple value by a data
mappi ng function and/or table. Goups can vary in the nunber of slots
and/or in the nunber of occupied slots. Al slots do not have to be

i dentical (unequal slot w dths, pulse anplitudes, etc., are 5 allowed) nor
do slots have to necessarily be adj acent to one another. A single group
can be defined such that it only has a43xed nunber of occupied slots or,
al ternativel it mght allom/for a varying nunber of _occupied slots A

singl e data @%ﬁﬁ?cﬁﬁmﬁ Pnoidldie nd¥ e216latRa MRl By pEUBE L §PBUFTCY 6F

exanpl e a heagleTe M gBtohBsOR@N MRS, Ofn GFIMPnuhBEr ask Uah odat ana/%%cqeld type
of group, and an error detection/correction word mght be of a third

type). All OfR%HEERSArSRMTCYRIRE pErttul AL lutslqtsy Q% NSEARERE B &§s.

Such variantsadei @l wWdddunt Q@&C%@@t% ga1 581 SmbhTWERid ON e tRUN NizRg now
to FIGURE 5, illustrated is an exanple of ©one enbodi ment of the i nvention

showi ng pul st hoed)i oRQTf 8P SAOEENVENE Gifal ngeRpSThle e gREARCPRM tohn its
sinplest implenpatation, hhe:ivpdd e r@érb% COYES £P3bYyERe 2D P plygsent

i nvention uses_a single pul se per gromg simlar to conventional PPM The
exanpl e in ATIRE Baps a2cordpaed repmbsent atfi onogPuphedal | vt e pulise

posi tions in, @fr%)lv&%h HRUImPLOL S iy TELR (}arg,ﬁﬁg; | iBgsepala! | on

bet ween the | owabl e | sé peak” positions t hese
pul ses is trQﬁ@ﬁﬁlQ@xﬁl¢ﬁ$hlsAgsénglandatﬁ mhesaéenG@uﬂdtu@ﬁlgdﬁphnﬂ@ is

done at f&e'@ﬂéﬁwgﬁ%etfﬁékof group (for example a header might be one

type of group, the actual data a second type of group, and
an error detection/correction word might be of a third
type). All of these variants find particular utility in
SAW RFID tags. Such variants are all within the scope of

15 this invention.
Turning now to FIGURE 5, illustrated is an example of
one embodiment of the invention showing pulse positions for
a conventional four state digital PPM. In its simplest
implementation, the modulation method covered by the
20 present invention uses a single pulse per group, similar to
conventional PPM. The example in FIGURE 5 is a compact
representation of the allowable pulse positionsg in a group
with four slots with Tmin being the time separation between
the allowable pulse peak positions. In PPM only one of
25 these pulses is transmitted in this group and if the
demodulation sampling is done at the allowable peak
positions, three of the samples will be essentially zero
and the correct sample will have amplitude of unity. If
sampling during demodulation is not properly synchronized
30 to the peak positions, the amplitude for the “correct
pulse” location will start decreasing while the amplitude
at a neighboring location will become larger than =zero.

However, the signal can still be correctly demodulated. If



positions, three of the sanples will be essentially zero and the correct
sanple wll have anplitude of unity. If sanpling during denodul ation is
not propewby3syasshroni zed 30 to the peak positions, the amwpiriusozisssfor the
"correct pulse" location will start decreasing while the anplitude at a
nei ghboring location will becone |arger than zero. However, the signal can
still be correctly denodul ated. |f WD 03/052682 PCT/ US02/ 36870 -24 noi se
is also present in the system then the probability of incorrect

denodul ation will be increased due to this timng error. However, if the
timng error is small, the degradatiom4% negligible. In principle, if the
signal to 5 nojse ratio is sufficiently small, the signal can_still be
successfulIyuﬁﬁﬁidﬁ¥a%%%oa%r?%%@taéntﬁéetFﬁﬁﬁ@merFéﬁni§hel§§§bﬁﬁéﬁltﬂin/2.

The ability sucegsstubly BRudiashiaRdWins hybet Ween jhweeaRessidle Posthiians of
a single pul se even when the pulses 10 are partially overlapped can be
used to i ncredse’d Rt a dEPEFYS§rat 1fhehexpémsBIorTEPEnaAF eBaAdi séheatio

sensi tivity.qdhis3d g ease ﬂézgldi@iaoldge.nsifﬁ_ﬁﬁ&q@l%%equxﬁhen@fgﬁaﬂ ke,

al  owabl e pul se positions closer together i'n a manner that thé skirt of
one al | ovabI®®yR s@pusits drf B i lnpEnalle féuksignalheameisghbdr beg

pul se positiQn.esBiM NG AONLEQ ELGYRESD.1ddd ustraied |5, a0, exapplesaf  an
enbodi nment of tﬁ?gpresgﬂg invent?on mﬁfh é##%wa Iekpuléézﬂg%séﬁfgnsl%

del i ber at el yleag ddian eBrim/have significantly overlapping spacing that is

init a5 | compared 1o TRe i ve arre thoun iy o DHE o TR PR PSS The
sl ot wi dth imossifale troShi iv®ds apfl & hesngpet enl sal kyenephesenhs auflisee- f ol d
increaSQA'1§fgaﬂ§¥%¥%lly overlapped can be used to increase the data
density at the expense of signal to noise ratio
sensitivity. This increase in data density is achieved by
moving the allowable pulse positions closer together in a
manner that the skirt of one allowable pulse position
15 overlaps the peaks of the neighboring pulse positions.
Turning now to FIGURE 6, illustrated is an example of
an embodiment of the present invention with allowable pulse
positions deliberately structured to have significantly
overlapping spacing that 1s smaller than Tmin. The
20 allowable pulse spacing has been reduced to one unit as
compared to the five units shown in FIGURE 5. In this
case, the slot width 1s equal to Tmin/5 and thus
potentially represents a five-fold increase in the number
of states. This method for increasing data density is
25 rarely wused because of the obvious reduction in the
detection margin for distinguishing neighboring pulse
positions.
Turning to FIGURE 7, illustrated are the details of
one embodiment of pulses with a five-fold increase in the
30 number of states that has a limited detection margin. To
demodulate a signal with the strongly overlapping pulses
shown in FIGURE 7, it would be necessary to sample the

received signal at the peak locations of all possible pulse



of states. This nmethod for increasing data density is 25 rarely used
because of the obvious reduction in the detection margin for

di st i nguiwbiongs2eel ghbori ng pul se positions. Turning to FIPGIRE0Y36870
illustrated are the details of one enbodi nent of pulses with a five-fold
increase in the 30 nunber of states that has a limted detection margin.
To denpdul ate a signal with the strongly overl appi ng pul ses shown in
FIGURE 7, it would be necessary to sanple the received signal at the peak
| ocations of all possible pulse WO 03/052682 PCT/ US02/ 36870 -25 positions
(i.e., at all integer locations on the-Rérizontal axis in FIGURE 7). As is
evident fromFIGURE 7, anplitude__discrimnation is particularly poor with
respect to tARSitdd@scddt Sul 38 pbii 1RerEeT biRCaHiniogt Hhei hariBANERSr eases

5 for the next; adjpgamiurail-ee, Hhe fsh'eR;Qd%%}ta%%h P@b@ﬁﬂ 6t Camp] REuREESENT
invention provides for a novel nodulation format as described herein. The

al | onabl e pWHisesgriaatisdt i ed PSuch crRar lyadtPqsul Yethorresimegthase athe
di fferent tif 0 bltﬂ%ebggsﬁlﬁgn@n @@Q%Mai%c%ﬁaég%&%eﬁn@@gaségl acent

10 pul se. For “exanp ase step of 900 Is bet ween each
adj acent Hpulfs; tthﬁaene@cﬁeaénagenétpul&eo the rfé’llmiq@ahgicm'topu\lﬁm Rave O,

B e I

pul se at t = se at t have 15 As
will be denﬁhgmﬁatedSbek©w¢r1ngic@¢benat|onTb@ slhuWahheouaﬂphaseaaad tinme

ﬁg: fted md%aﬁi'ﬂ%&%’&c S‘é?a%ttagr%i:@' Mlégpﬁé’&’eoﬁ% 'dert‘%Sfieg@ P%@’ee”
ghboring slots even i e slo pacing rs's han mn.
Tur ni ng now ptaes IFi@UREs: t8 Alarda8Badied usha s et car é)ettheaen each adjacent

10 pulse. For example, if a phase step of +90° ig added
between each adjacent pulse, then the pulse at £t = 0 (time
equals zero) will have 0°, the pulse at t = 1 will have
+90°, the pulse at t = 2 will have +180°, the pulsge at t =
3 will have +270° the pulse at t = 1 will have +360°, etc.

15 As will Dbe demonstrated below, the combination of
simultaneous phagse and time shifted wmodulation can
substantially improve the discrimination between
neighboring slots even if the slot spacing is smaller than
Tmin.

20 Turning now to FIGUREs 8A and 8B, illustrated are the
real and imaginary parts of overlapping pulses with an
added phase shift of +90°. Because phase multiples of 90°
are used in the illustrated embodiment, the odd numbered
pulses (1, 3, 5, etc.) have real parts equal to zero and

25 the even numbered pulses have imaginary parts equal to
zZero.

To demodulate the signal in FIGURE 8, it would be
necessary to sample the real part of the received signal at
the peak locations (t = 0, 1, 2, etc.)as well as shifting

30 the phase of the sampling signal from one time slot to the
next such that it would agree with the expected phase of a

pulse if it should occur at that slot locations.



real and imaginary parts of overlapping pulses with an added phase shift

of +90. Because phase nmultiples of 90 are used in the illustrated
enbodi nerwp oslos268zid nunbered pulses (1, 3, 5, etc.) haveprcealSopasre equal
to zero and 25 the even nunbered pul ses have imgi hary parts equal to

zero. To denodul ate the signal in FIGURE 8, it would be necessary to
sanple the real part of the received signal at the peak locations (t = O,
1, 2, etc.)as well as shifting 30 the phase of the sanpling signal from one
time slot to the next such that it would agree with the expected phase of
a pulse if it should occur at that slot?f-ocations. WO 03/ 052682

PCT/ US02/ 36870 -26 In general, a w de range of phase angles can be used,
many of which carliyiSRiSaia Drvisa tEngse o bhgfce aIgdeS 90 bsaksedul ar 90

case. For examp) e@fawatléaplc%&l apghe eaeahdo\farwe@a@yrﬁe£bsr89naé' K@aRy mmore
than 20 wi thout” 5 any j?_ ficant degradation in the case of
aFn

separ at i ons tlyifs WWBCU PRY HBEEt O IflO@JI%iaQﬁpllfhl ust ﬁé@éﬁlng aﬁlgle
embodi ment égultci‘evéﬂ?’eQEbQHdwﬁﬁée oB°PPashe| BeT figeal ok er, 4f3ag;980,,ks

used with substanti i mproved discrimnati etween the 10 correct
state and t Wmﬁlﬂm&hqmﬁstdﬁlgé@mp@ thethal ¢ammbife sduits seppaeitagssar e
Tm n/5 and %E%_/hgse di fference between adjacent allowed states is
used. In FIGU 9°a phase i ncrenent other than 90 was chosen to
illustrate the substramg atdw Umpﬁw cﬁ,saﬂllmsrlractalt@td 1% bet webodtimentor r ect

oot and 08, VNN S 5L O el SIS Sy diasn erales, Bren

the identi cHedmidhedupstsatspadiynimpirohedtdihasinisimifion detmesen the

10 correct state and the neighboring states where the

allowable pulse spacings are Tmin/5 and a 78.5° phase

difference between adjacent allowed states is used. In

FIGURE 9 a phase increment other than 90° was chosen to

illustrate the substantially improved discrimination

15 between the correct state and the neighboring states for a

wide variety of phase angles. Even more important, FIGURE

9 illustrates a dramatic improvement as compared to the

identical allowed pulse spacing without phase shifts as was

illustrated earlier in FIGURE 7. The cases of FIGURE 7 and

20 FIGUREs 8 and 9 have the identical approximate five-fold

improvement in the number of states as compared to the more

conventional PPM with allowable pulse spacing of Tmin.

But, without the phase shifts (FIGURE 7) the detection

minimum margin is only 0.067 while, with the phase shifts

25 (FIGUREs 8&9) the detection margin to adjacent states is

now 0.81 which is very similar to the more conventional PPM
which has a detection margin approaching unity.

In the embodiment of the present invention illustrated

in FIGURE 9, pulse modulation can be characterized by

30 simultaneously shifting both the phase and the time

location of a pulse communication signal in a known manner.

This embodiment will be henceforth designated as

gimultaneous phase and time shift keying (PTSK) where



illustrated earlier in FIGURE 7. The cases of FIGURE 7 and 20 FI GUREs 8 and
9 have the identical approximate five-fold inprovenent in the nunber of
states aswoonjsaserl to the nmore conventional PPMwi th all ecalilse/pisiee
spacing of Tmin. But, without the phase shifts (FIGURE 7) the detection
mnimmmrgin is only 0.067 while, with the phase shifts 25 (FI GQUREs 8&9)
the detection margin to adjacent states is now 0.81 which is very simlar
to the more conventional PPM which has a detection margin approaching
unity. In the ermbodinent of the present invention illustrated in FIGURE 9,
pul se nodul ati on can be characterized by2730 si mul t aneously shifting both
t he phase and the tine I%%%tion of ﬁ Bglse co nication signal_in a known
Eeto

manner. Thi S €nbodi mEnt “wil | SHELKE rPh dBefghariatas siideanests
phase and ti d#sshiskt deeyhege {(RTEKL ywheires W23 06R683rRGY/ WSR/e36870ne - 27

keying is the, equival ent of nodulation, \Wile the discussion herein only
co%sigered uﬁﬁﬁggﬁ19n§paEé%°¥W SEﬁE?@sP@%ﬁf|§ﬁlﬁ5ﬁh1§h§§§c@§ PFALRAEYi f t s,
those of ordehaly iskihé pdrt heeperdinent 1auhawklkaupdenst afgh 1hat £ orm
non-uni form 5 spacin f either the tinme or phase shifts (or both) is

within the sEBRE'BE (He ptieaeht ERAvEATRORT 1Phas%s sSBibbEi mem bardat bs

stream to bewhieansnthte@dcopelbti $hpaplbkbaRi AGvLREYQNE Or nDre separate
sanple values; (2) at |east one pulse is used to transmt a given 10

sanpl e val ue; (3) IPhéldf FERSCiBKkEthulrssats tatapam theds ntransparted: ti me

that is divided ingo gdi sl @tsd hahral eondomNakye bg&ﬁgegtgec dly,
adj acent; (4) the collection of time slots conprising the span o e
constitutes ¥24P8aEp OR)sPbt $eaph)orachusEet iHassed uke queansnphaseyshédit and

a uni queiti meakpeat i-anuand (66) thhesat 1L8a8t one pulse is transmitted in
a span of time that is divided into time slots that are
nominally, but not necessarily, adjacent; (4) the
collection of time slots comprising the span of time
constitutes a group of slots; (5) each slot has a unique

15 phase shift and a unique time location and (6) the at least
one pulse is contained within the group of slots in a
predetermined manner to represent the information contained
in the separate sample value. Groups can vary in the
number of slots and/or in the number of occupied slots and

20 still be within the scope of the present invention. Also,
a single group can be defined such that it only has a fixed
number of occupied slots or, alternatively, it might allow
for a varying number of occupied slots. Also, a single
data message could include more than one type of group (for

25 example the header might be one type of group, the actual
data a second type of group, and an error
detection/correction word might be of a third type). All
of these variants have particular usefulness in SAW RFID
tags and are all within the intended scope of the present

30 invention.

In another embodiment of the present invention a
combined multi-pulse group keying and simultaneous phase

and time shift keying (MPG/PTSK)can be implemented. In the



one pulse is contained within the group of slots in a predeterm ned nmanner
to represent the information contained in the separate sanple val ue.

G oups cawowans26Bn the number of slots and/or in the nunirer/usb2/ascupi ed
slots and 20 still be within the scope of the present invention. Also, a
single group can be defined such that it only has a fixed nunber of
occupied slots or, alternatively, it mght allow for a varying nunber of
occupied slots. Also, a single data nmessage could include nore than one
type of group (for 25 exanple the header mi ght be one type of group, the
actual data a second type of group, and8an error detection/correction
word mght be of a third type). Al of these variants have particul ar

usef ul ness ISP SARRANLD UstHs Lo ofeMACK WHLkiRlEnBULlsEEnUEgSSESRE &P t he

present 3Odﬂ@“”§£éﬁb | Bugnoirheh, ededisRRly oftide present phayenbhan a
conbi ned nul ti-pul se ‘group keying_and sinultaneous phase and tinme shift
keyi ng ( MPGSATEREE&h bl | BREerBhtear Ha s rabliegs0sds T HCTPRE) 2936870

-28 earlier gihldistyat i ons,of (MIEK patlid i SR Sesv el Ss Us8d4 ! NpuPNengr oup
but Tm n separated the pul'se positions. Simlarly, in the earlier
i 11 ustrati oss lewapiigskpgaisg gaparpulees peergrogni(flidentconventiieratnPPM) was

used, but the,5 al LawableouLRe SEPAAL AR MELs ShOWdlicantLY -sppLLgr than

Tm n. Combining the two type requires attention to certain su etails.
In the MPGKsgddd.e tograadjacentn siloe MG chst h beo ozduipredtbetatseraas

descr i bed abgus, bRl Phecaepulae Hags a0l awerken Hhechepk of any

nei ghbori ng ses e sane as for conventiona shown 1'n Fl GURE
5). However ornief pwbsadidaeentnaor olveséhy rdieghberkngfislats nesgkbalrlioged to

be Sinuhk@”%ﬂﬂﬁﬁ%;q%%%pgg%ewggnfgéiéghventional PPM as shown in FIGURE

5). However, if two adjacent or closely neighboring slots

were allowed to be simultaneously occupied when using

strongly overlapping pulses (as in FIGURE 7), the potential

for strong inter-symbol interference would exist between

15 pulses and could result in almost total cancellation

between the two where a significant phase shift between

pulses is present (e.g., FIGUREs 8 and 9). This potential

interference must be addressed if the MPGK modulation

method is to be successfully combined with the PTSK method.

20 A primary method for solving the interference problem

is to impose a winimum pulse spacing rule when using MPGK

along with PTSK. One generally useful rule ig that while

the allowable pulse positions can have time separations

that are significantly smaller than Tmin, in a specific

25 waveform any two actual pulses included in that waveform

must always have a minimum spacing equal or greater than
Tmin.

Turning to FIGURE 10, illustrated is an embodiment of

a minimum pulse spacing rule that allows using MPGK along

30 with PTSK. In this example, one pulse in the waveform is

selected to occur at t=0 and, by the minimum pulse spacing

rule, the next pulse is excluded from positions t = 1, 2,

3 and 4, but is allowed to occur at positions t =5, 6, 7,



strongly overlapping pulses (as in FIGURE 7), the potential for strong

i nter-synbol interference would exist between 15 pulses and could result in
al nost t owalo3oseesel | ati on between the two where a signifipcaniSopbesze shift
between pulses is present (e.g., FIGUREsS 8 and 9). This potenti al
interference nust be addressed if the MPGK nodul ation nethod is to be
successfully conbined with the PTSK nethod. 20 A primary nethod for solving
the interference problem is to inpose a m ninmum pul se spacing rul e when
using MPCK along with PTSK. One generally useful rule is that while the
al | onabl e pul se positions can have tims2Separations that are significantly
smaller than Tmn, in a specific 25 waveform any two actual pul ses included

in that wavérdrm NRRG: dti@yRI Ha R3S %i Fi-hking SPREVAET cRuAFeof LgF8afER t han

Tnin. Turni Rgnitt® f GIRE1Briich! yst £RL 8dricum eovbpdingd tofat acnighgem
pul se spacing rule_that allows u5|n% MPGK alon% 30 with_PTSK.. In_this
exanmpl e, ondPH iS¢ tHOURavefotm Pe SErLeReddPesvseBuFeaected ARYSSBy t he

m ni mum pul §& SRAGING ikUkguat heoneXtePil S5 1 s BXd uded Geem-posktians t =
1, 2, 3 and 4, but is allowed to occur at positions t =75, 6, 7, WO
03/ 052682 PET 021368 Wddthpeaied s (Retw/'N t HeePT8K Shias &£ atidn scet peen

pul se slots 1 clarityygln thi 10. t | east
four pul se é%%??ﬁ%gf%é¥ni§%ii%%%%%bgtaégnﬁaﬁgiﬁig%ﬁﬁh%&éﬁ%€%e?2ﬁTﬁ%n is
equal to fivess) sl donlsgl fsr degeddcillcasecestpfinacelbes Witdrhesguals

Tm n/ N t hen ;a ski can - ' that w1 equal 1. ski p
factors canjgb u@%%ggkgﬁgoulégﬁglggﬁg$ﬁ%1ala%ﬁ%%ertaln cases ?#g%ggéanple
i n oper at i ng-réerifreganse)s weehewhpongmall ef dekip Marferemnce)ld Sosewhat

Snallerl%ki%éﬁggfyféfxEﬁdo@ﬁég Bgses but it appears that assuring a
minimum spacing rule equal to Tmin will likely be the best
choice in most circumstances.

Another method for solving the potential interference

problem of two adjacent slots being occupied when PTSK is

15 combined with MPGK is based on the orthogonality between

adjacent slots that arises if the phase shift between slots

is +90° (see the example given earlier in FIGURE 7). 1If

the phase is sufficiently close to +90°, then a pulse in

any given slot will not interfere with either of the two

20 adjacent slots. In this case, all odd numbered slots are

totally independent of all even numbered slots. However,

a pulse can still interfere with its 27, 4%, &%, eatc.

nearest neighbors if the spacing of these neighbors is

closer than TImin. In this special “orthogonal nearest

25 neighbor” case, a useful method for analyzing the options

is to divide the slots into two intertwined sub-groups (I

and Q). Then, if necessary, the Tmin minimum spacing rule

illustrated in FIGURE 10 is separately applied to each sub-
group.

30 This embodiment of the invention of using PTSK

combined with MPGK is generally characterized by a

significant overlap between the pulses in neighboring



10 beneficial in other cases but it appears that assuring a mninmum
spacing rule equal to Tmn wll likely be the best choice in nost

ci rcunst awoes/05288nt her met hod for solving the potential i mCeniSer/aisce
probl em of two adjacent slots being occupied when PTSK is 15 conbined with
MPG&K is based on the orthogonality between adjacent slots that arises if
the phase shift between slots is 90 (see the exanple given earlier in
FIGURE 7). If the phase is sufficiently close to 90, then a pulse in any
given slot will not interfere with either of the two 20 adjacent slots. In
this case, all odd nunbered slots are ~88tally independent of all even
nunbered sl ots. However, pul se can still interfere wwth its 2"d, 4th,

6th, etc. maatast Né‘tr(j%’élssoﬁ thhe SpaeiHEctt tHede Merghisst $rP8 throser

than Tmn. Ildy;thies Q{Q%Cdx%ptl%ﬂé‘QﬁO&ﬁﬂsK‘%é{&%Pcﬁ@ nei ghbor" case, a useful
met hod for analyzing the options is to divide the slots into two

i ntertw ned sub- gloi@Eeyl aand cpubihehionf gfec£FSEr yand hdPER nshiPsilAum
spaci ng 1 ul eddilqst raked he & GURE QQO&f%dﬁﬁgar@t %Jeﬁn%ppkbedax;oqoﬁaeriéﬁb-

group. 30 This enbodi nent of the invention of using conbi ned w
MPCK i s den@adlant ieHariadtast-ispsebtly @tegfg:remc@mff@\msl apalbemaFenrime

pul ses | n nGlahPOLig VO 3LAR2682 PCULED2 AGRTG o0, SIchicty Yo gt of

this enbodi ment can rived fromthe ear scrlptlons and
MPGK. Howevéreighowionbi ratdton of FISkcandtMPeK whbbbd combides t heneed

for providing g Jans t\%ndas\’%fd &R e n‘?)ol&Q% %tt'sakaﬂe%%‘hsi %lsckrghgﬁf Ehene s

effects that nay arise en usi ng pulses t ave signrficant overlap with
nei ghbor i ng ssimeepreiprdie teliiys brec hdted OfipE ARBSK hel .e., combined multi-

10 pulse groups with simultaneous phase and time shift
keying) .

To those of ordinary skilled in the pertinent art, it
is evident that a wide range of other combinations of phase
shifts and minimum spacing rules are within the intended

15 scope of the present invention. For example, it is
possible to allow one or more pulses with separations of
less than Tmin. In general, a variety of optimizations are
possible using combinations of the variables of (1) phase
shift between adjacent slots; (2) integer or non-integer

20 divisions of Tmin for defining slot time spacing; (3) a
host of different “skip” rules which may even cross the
slots of a group; (4) using number systems (or combinations
of number systems) other than binary (since the number of
states per group are not necessarily equal to powers of

25 two); (5) using a mapping in which the number of “data
states” is less than the total allowable states in one
group for purposes of Thandling exceptions, error
detection/correction, improved immunity to transmission
impairments, etc.; and (6) other possible variations such

30 as pulse amplitude.

Turning now to FIGURE 11, illustrated is a table
showing the 286 possible states that exist when three

reflectors are used in a group of 21 Slots having a skip



characteristics of two enbodi ments previously described in can
appropriately be called MPG PTSK (i.e., conbined multi 10 pulse groups with
si mul t anewo3phms8e and tine shift keying). To those of ordirnsny3eskil | ed in
the pertinent art, it 1is evident that a wi de range of other conbinations
of phase shifts and m ninum spacing rules are wthin the intended 15 scope
of the present invention. For exanple, it is possible to allow one or nore
pul ses with separations of 1less than Tmn. In general, a variety of

optim zations are possible using conbinations of the variables of (1)
phase shift between adjacent slots; (28limteger or non-integer 20
divisions of Tmn for defining slot tinme spacing; (3) a_ host of different
"skip” rul efaHiTh Hfafosien SRdEsiEnRn RFJFRLDIOR Iyrdulgle HFousi WHSHEnber
systenms (or L£OogRyNAFIONS.adl hANTRE-3Y SEEMBA U her pbhan hipar yw{shnee the
nunber of states per group are not necessarily equal to powers of 25 two);
(5) using a P ngeitn 9HAPER: t e Mifer fortodataf $oafes"and |Fes®heRgn t he
total al | ovwah| & e Hdtt® aff U Y1 Y RAses f Mapdhishgex¢eRbi ons,
error detection/correction, inproved inmunity to transm ssion

i mpai r nerit s, Tha ehassmdliGyentherbpbéesh| advareat i ohetguth iB0ths pamse
anplitude. WLNNGNN S AdddAed LaslddstiALed lnc s6ahle cshouagt he
286 possi bl e states that exl st en three reflectors are used in a group
of 21 Slots havimdgda sKinpewdedehos268XWRCH USHIZE8TNg -Bul faet dreotof our .
This is an gxpmle 0f I r I 8o @Sy LD 1t S -

refl ectors per grlgrﬁp,fo%c%sh(}%%%agl g%gw%%rﬁ Ig?%%ﬁ) a gl%%i‘%ﬁ g% 8&%%%9
a phase indnemnesindetwsdnpadjeatemt of ofsurangilirg s cawviZ&ent oth8b. 286

10 states are sufficient to encode the 256 states that

and

correspond to 8 bits of data. This particular variant has

a group size that is approximately 25% larger that the

.conventional PPM method illustrated in FIGURE 4, but it

achieves eight data bits which is four times greater than

15 the two bits of the example illustrated in FIGURE 4.

Moreover, it achieves eight bits with only three SAW

reflectors instead of four, which would be required for
eight data bits with conventional PPM.

Turning now to FIGURE 12, illustrated are tables

20 showing two sub-groups of states from a SAW RFID tag with

four reflectors per group, 20 slots per group, a phase

increment between adjacent slots +90° with division into

two interleaved sub-groups of ten slots each. The two sub-

groups are designated as I and Q for sub-groups based on

25 either in-phase or quadrature slots. Further within each

I or Q sub-group the minimum pulse spacing is three (i.e.

skip factor of 2) and only one reflector of each specific

phase is allowed per sub-group. (Note that in FIGURE 12

the possible reflected pulses in even numbered slots are

30 180 degrees out of phase with the possgible reflected pulses

from odd numbered slotg.) When the I and Q sub-groups are

considered together, a total of 256 combinations are

possible which is sufficient to encode 8 binary data bits.



5 The phase increnent between adjacent slots is in the sanme range as was
described earlier in conjunction with FIGUJREs 8 and 9. Interference

bet ween rwpDghlosrsBng pul ses due to the five-fold overl ap PemmEsSen3cs7o

nei ghboring pul ses is avoided by using a skip factor of four. It is
evident that 286 10 states are sufficient to encode the 256 states that
correspond to 8 bits of data. This particular variant has a group size
that is approximtely 25% 1| arger that the .conventional PPM nethod
illustrated in FIGURE 4, but it achieves eight data bits which is four
times greater than 15 the two bits of th&exanple illustrated in Fl GURE 4.
Moreover, it achieves eight bits with only three SAW reflectors instead of
four, which woul FHeriRguPrel £or FIGURR %ataa BRigUGi FALEBERYEABRBAal SPPM

TUT NI NG NOW §@nE+GURE K21 dd deisty %th%draﬁebe@kemaooﬁm NG, PR S Wlysgr oups
of states froma SAWRFID tag with four reflectors per group, 20 slots per

group, a phale 2 IFFENEHC Bét feekSadp acentaryed spudath Pudisd Sosritilero  t wo

interleaved Sub-g1 £§Q5?8E1E§8n5|OﬁﬁeeﬁﬁabeIh%ft@90§Hb33@rquﬁe lBdent
designated as | and Q for sub-groups based on 25 either in-phase or

quadr at ure §Wbt§heﬁﬁﬁQR#lWHtﬁYﬁt@@cWelmgNu$§@ub grouphe he ldiusitmategul se
spacing is téﬁﬁ%ﬁiﬁeﬁh §fé@sf§§@oér8fag}agﬁgdoghﬁgﬂgger§L@S%é9%5%ft%aCh

specific phase is allowed per sub-group
possi bl e refteeierPord ske in +év§n361urﬁ)ef(éd3§l70t & atle 3B 180 dagr@es$36ut of

Phase W LMo ufRosst M eutiehiacked pulaes Al dher e 3e0hso) ofhen

the I and Q groups are consi ato
conbi nat i onsthke efipesspbberwiiddh drse sd.ﬁs:maamd tby engodexr 8ndi war yeddna
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respective phase pogition. In other embodiments different
phase positions may be used, which different phase
positions would require slots 330 to be arranged
accordingly. Of course any number of phase positions and
15 any number of slots 330 are well within the intended scope
of the present invention.

As stated above, each slot 330 ig located at a
predetermined pulse position and phase position relative to
the transducer 315. To minimize inter-symbol interference,

20 a skip factor is often enforced between actual reflectors
320.

Another feature of the invention that assists in
isolating the signal and enables it to be more readily
identified for decoding is a framing reflector 350 located

25 between the SAW transducer 315 and a group 340. This
framing reflector 350 can be regarded as a starting point
that is set at a specified distance from the transducer 315
to identify the point in the reflected signal where to
start decoding or demodulating. In another embodiment, an

30 end reflector 360 is also located on the surface 305 and,
together with the framing reflector 350, serves to frame
the entire reflected signal that encodes the SAW

identification tag 300 number. Of course additional



generated by locating the reflectors 320 on the surface 305 in a group 340
of slots 330 arranged by both pul se position and phase position. The
nunber ofweloens26880 i s dependent 5 on the encodi ng syst empo@iusg2/smsed. | n
the illustrated enbodinment, slots 330 are arranged in phase quadrature to
correspond to a +1 336, a +Q 337, a -1 338 and a -Q 339 phase of a SAW
return signal. The first four slots 330 of the first group 340 are

desi gnat ed by nunbering while in 10 the second group 340 each slot 330 is

| abeled with its respective phase position. In other enbodinments different
phase positions may be used, which difféPent phase positions would require
slots 330 to be arranged accordingly. O_ course any nunber of phase

posi ti ons arfd-”af&'am&rly?’géinb%%g S| 58@ IICLHE AT | CRPL PR HOTRShdER scope

of the presafpdRNensiOnal AS hRlied ahayepeeaniftrsilot tB30 dpg0csat ednat a
predet erm ned pul se_ poSition and phase position relative to the transducer
315. To ni nilfitAsdest emvgniisInd nterference, 20 a skip factor is often

enforced between Rgtiialg r abl,ect Or 1328 ANOt han fLatlrg of st he Laueation
that assists in isolating the signal and enables it to be nore readily

i dentifiéd fahiovdacodity ssakesrbarng Fall E&or L3E0 WiddatBY 25obet weeR t he
SAW tr ansducgls131a And a,gr oyp ﬁéQsiﬁﬂésPlfarc%me%sﬂef ! %‘gfi%.r @é&é’agage
t that i stance fromthe

regarded as a starting poin at Is set at a specifie
transducer IBscent ofrdenei fSi tuat st nvhénet ber AR CREADs itgienl hakeLeutro

360 1 5 al 90 Taoaria oh e LurPucd 08 anaT ok SSrRer S thoCAE FPERPRG
reflector 350 Suraesand &r piese hercammart rlediwetredad] graht t hhotenoddes
the SAWld deﬁﬁtdsf i&?t irn??xuts',a%@p,o QHngr ‘thg gcxoé{ﬁﬁeig‘d%f\zii%% into two
interleaved sub-groups each of which has two reflectors.
This example is quite similar to the previous example in
which four distinct phase states are divided into two sub-
groups of ten slots each. Each sub-group can be treated as
15 having a skip factor of one. The table gives the states
corresponding to one such sub-group. The only difference
between this example and the previously example is that the
two in-phase reflectors (+I & -I) can be of either the same
sign or of opposite signs. The major advantage of this
20 example is that with 36 states per sub-group, a total of 10
bits per group can be obtained, which is better than the
eight bits in the previous example. The disadvantages of
this example are possibly worse spurious reflections than
the previous example, and the possibly enhanced sensitivity
25 to pulse smearing effects.

The present invention therefore introduces the broad
concept of employing both phase and pulse position
modulation and/or the use of multiple pulse combinations to
dramatically increase the amount of data that a SAW

30 identification tag 300 can contain. This data capacity
permits a SAW identification tag 300 to contain a number
that is unique to that specific SAW identification tag 300,
e.qg., a globally wunique number, which allows SAW



WO 03/ 052682 PCT/ US02/ 36870 -33 fram ng 350 or end 360 reflectors can be
provided to inprove signal identity and be within the scope of the

i nt ended wowamnsiesn. Turni ng now to FI GURE 13, il ustratedPC3/sovaishie 5
showi ng the states for a SAWRFID tag with 10 slots, two reflectors and 36
possi bl e placenents. This table was taken froma situation where the SAW
RFID tag had four reflectors per group, 20 slots per group and a skip
factor of three and a phase increnent between adjacent slots of 10 plus or
m nus 90, where the group is divided into two interleaved sub-groups each
of which has two reflectors. This exanpi® is quite simlar to the previous
exanmple in which four distinct phase states are divided into two sub-
groups of tehIePbtsieakhonHaphs droBs E8RIbECt el usan® YehviiaRyva skip

factor of oneradke ahabhe,pbvegetbiesshat®er GOf r 6gRRRELNY t @n9ne FU e
sub-group. The only difference between this exanple and the previously

exanpl e i s tHEPERENTt RRRaRPHESE pevpatrgesustly &effpctan deiett eitdier the
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that with 36 states per sub-group, a total of 10 per gr

obt ai ned, 5> wrePsi Bl petra¥rt i gakarhe vhanyharpiessadnvilhe phevibowsr ex@riice. The
di sadvant age&@érn%{ni s exanple are possibly worse spurious reflections than
t he previous exanple, and the possibly enhanced sensitivity 25 to pulse
smearing effects.Tihelpresatd weondidy thefaWotéennt f bdaicesn thaydrigdd
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10 Thus, a SAW identification tag 300 can be advantageously
affixed to nearly any object, which may be a machine part,
a package, supply item, animal, or other item and the
information can be used to identify and classify the
object.

15 In yet another embodiment of the present invention,
the number includes an error detection portion. The error
detection portion may further be capable of error
correction to at least some extent. Of course, error
detection or correction is not required in the broad scope

20 of the present invention.

Turning now to FIGURE 14, illustrated is a block
diagram of a method 1400 of operating a SAW identification
tag. The method commences with a start step 1410. The
method 1400 provides for exciting a SAW transducer located

25 on a piezoelectric substrate to create a SAW in an exciting
step 1420. In a causing step 1430, the SAW is caused to
reflect from reflectors distributed among a group of slots
in a predetermined manner in accordance with the broad
concept of employing both phase and pulse position

30 modulation and/or the use of multiple pulse combinations to
encode desired data onto the tag. In a demodulating step
1440, reflected portions of the SAW are decoded to yield a

number or other data encoded onto the SAW identification



permts a SAWidentification tag 300 to contain a nunber that is unique to
that specific SAWidentification tag 300, e.g., a globally unique nunber,
whi ch al Iwa93828683\0 03/ 052682 PCT/ US02/ 36870 - 34 identi fipcatison3dsags 300
to be used to identify and reliably track an unprecedented nunber of

obj ects. This unique nunbering capability advantageously effects object

(or asset) tracking, and nmakes a gl obal object tracking system5 possible,
particularly when harnessed with the power of the Internet. The |arge data
capacity of SAWidentification tags 300 permts, in one enbodiment of the
invention, data to be encoded thereon WXh respect to an associ at ed

object. 10 Thus, a SAWidentifi catl on tal%éfoo can  be advant ageously
affixed to fédy Hify WHD  CWG WSy Be 2 ek FEeparléb0 a 53(",’?5@%

supply it ememHdBlentas @Eh&rmétt,l%laa@fﬂ &PErat DhEr HRERGN 1@@ﬁtQ§1@§%_dLoho
identify and classify the ect. 15 In yet another enbodi nent of the
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error deteaiionyPRLLLHAN ARG HELRE e £apall & RihErdiar L regyi et o at
| east some extent. OF course, error detection or correction i s not
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SAW i dentification he met hod comences with a start step 1410. The
met hod 1400 Ri?atﬂﬁld&% %t@m&@@%&ransducer | ocated 25 on a
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causing step 1430, the SAWis cause refle romreflectors
di stribut ed dirpma gpbupaof mgtdiaxl 1500 of manufacturing a SAW

10 didentification tag. The method 1500 commences with a start
step 1510. In a transducer forming step 1520, a SAW
transducer is formed on a piezoelectric substrate. 1In one
embodiment of the method 1500, the transducer is configured
to produce a SAW having a frequency of between two and

15 three gigahertz. In a reflector forming step 1530,
reflectors are formed with predetermined spatial positions,
phase positions, and reflection amplitudes to constitute
slots arranged into at least one group of slots plus other
reflectors which may be desired such as framing reflectors.

20 In a reflector encoding step 1540, a particular set of
reflectors that correspond to encoded tag data are formed
such that only the needed reflectors are present on the
surface and all slots which should not contain reflectors
are empty or otherwise deactivated. While FIGURE 15 lists

25 the three steps 1520, 1530, and 1540 in order, these steps
can also be done in any other order; or in a parallel
combination; or concurrently as the fabrication process
permits, either in a subtractive (e.g. etching) or additive
(e.g. depositing) mode.

30 In one embodiment of the method 1500, at least some of
the reflectors are single strips of conductive material.
In another embodiment of the method 1500, adjacent slots

are arranged in quadrature phase. In another embodiment of



in a predeterm ned manner in accordance with the broad concept of

enpl oyi ng both phase and pul se position 30 nodul ati on and/ or the use of

mul ti pl e wolos@swsebi nati ons to encode desired data onto Phg/usay3esin a
denodul ati ng step 1440, reflected portions of the SAWare decoded to yield
a nunber or other data encoded onto the SAWidentification WO 03/ 052682
PCT/ US02/ 36870 -35 tag. The nethod concludes with an end step 1450.

Several enbodi ments of a method of operating a SAWidentification tag are
provi ded for by the invention. The descriptions of the various enbodi nents
of a SAWidentification tag set 5 forth>&ove are sufficiently detailed so
as to enable one of ordinary skill in the pertinent art to _understand and
practice al IERRiIcHSERSEI AEnteastur APHE rdWPYRS FIPGEREPTSYifrAusticht E8Si s a

bl ock di agraeic® Mehbod 150Q+0f RRUTBCILH NG §nPAW 140y kdentifiheat i on
tag. The nmethod 1500 commences with a start step 1510. In _a transducer
fornm ng st eFABZOLMNBAYWE RS EPS | 8T oPHedidadalprezndl ber ngmber

substrate. Ik qne1RRodisMeat0f she et had 1500, 4N WhARRAYEek | $he

configured to produce a SAWhaving a frequency of between two and 15 three
gi gahert 2 I1§nepded |datarig sunighp e s 30W idenitddticrs igme thar mbd 1@i t h

predet er mi ne}/clet?péﬁ@)’éhe?o%inﬁoio@@.ﬁlentp o di%fé% LEQPS v @3 L8] | €51 18R 410

anplitudes to constitute slots arr d into at | east one group of slots
pl us ot her galfa e®eataivkineh may e ¢&siadd seshcastedanivhighr éfleecBdis. 20

In a refl ectQi. gncedilg; ste 40, rty.qul ar,_se refl I, at
correspond tjgieenco’g‘g%%%%dg%%gsare %girésreéiacts%ucﬁnt h%tn%tgrl?leﬁ tﬁgﬁr?gé éa%i‘ta
reflectors dmcirdsemn erroredesartace padtadh. st singtilelr shibobd meot

contain Jflqed 0r §ac 8 @ 180R%Y YD Se SPBRLL YAREH: o WM LB oL GUTELTS

consisting of alphabetic portions and/or numeric portions.

In one embodiment of the method 1500, the reflector

forming step 1520 ig carried out such that groups are

separated by dead spaces. Framing reflectors can also be

15 formed at this step. After all required transducers and

reflectors are formed and encoded, the method concludes
with an end step 1550.

The present invention has been described in terms of

a SAW identification tag based on a single transducer plus

20 SAW reflective structures. Those of ordinary skill in the

pertinent art should understand that various changes,

substitutions and alterations are possible all of which

will be within the intended scope of the present invention.

These include, without being limited to, (1) such coded SAW

25 devices can be implemented using multiple acoustic tracks

and/or multiple SAW transducers; (2) the SAW propagation

path may be folded in a wvariety of ways to achieve a

smaller device area or other purposes; (3) the

transducer(s) may include use of unidirectional SAW

30 transducers; (4) the phase positions of reflector

structures may be implemented using fine grain spatial

adjustments of reflector elements of a size that is a small

fraction of a SAW wavelength on the device surface; (5) the



25 the three steps 1520, 1530, and 1540 in order, these steps can also be
done in any other order; or in a parallel conbination; or concurrently as
t he fabriwetmomegr ocess permts, either in a subtractivePC&/ugo2/asehi ng) or
additive (e.g. depositing) node. 30 In one enbodi mrent of the method 1500,
at least sonme of the reflectors are single strips of conductive material.

I n anot her enbodi nent of the nmethod 1500, adjacent slots are arranged in
guadrature phase. In another enbodi nent of WD 03/052682 PCT/ US02/ 36870 - 36
the nethod at |east four groups are provided and the encoded nunber is at
| east 32 bits long. In yet another enbodinent, twelve groups are provided
for and the nunber is at |least 96 bits | ong. In still another enbodi nent,
the 5 encodetP HRE LS URRGuESt G HREISAVIHFRITHRGEI VR VaBRWAPKE tjen

anot her enbagh drety er%\ﬂééﬁﬁcéxorsufcﬁhetgaftathe §6piakNin %aﬁrﬂ@'e&'t@l%xto an
obj ect associated with the SAW identification tag data i n anot her

enbodi ment  §PedLEEs C&n BREBEAHEY ecISRAF Pord i (fﬁ-”O“I ntaﬁot%‘fl%@m@&t@@ﬁt 10
the data i nglidesegenes ahoak PhAzAUBRE QAWnEQE\HEHh@@rSCOQ%')St:L'n'%Qe%fd of

al phabetic portions and/or nuneric portions. |n one enbodi nent of
met hod 15900,us$Heg restdededrrdioren tor Sticp UB2BAE deatidesd ssue sqxcwltlhavtf

groups are é}?@%ﬁtc%@lg §§| %%acséco‘gﬁ?g%ﬁgng%%g%ngél&a% w0 Rey 1

formed at this step. A require reflectors are
formed and dfcorsdiicathe friéhttmm ¢opndEemgasationl anf errbetighl dbs50mpTiee

present inv b C Lh fLe o] c n tag
based on a gﬁ%d% %%%nsgﬁgegﬁél%égfgSEE%bv?gﬁfe%F928§§¥#hg$§%esE $%g%
ordi nary skitlhat narfe ysect i henenaedes bl ddamlecshangdadcha varieuy @Ifanges,

10 known methods for weighting the desired amplitude based on
width of strips, thickness (or depth) of strips, number of
strips, and varying overlap of strips; (8) the SAW
transducer can also provide functions such as band shaping,
phase compensation and other filter functions; and (9) as

15 well as any of a number of elements of SAW technology.

The broad classes of modulation methods described
herein are described in connection with SAW identification
tags. Such modulation methods can also be used in
connection with fields other than SAW identification tags

20 such as, without limitation, (1) identification tags based
on technologies other than SAW technology; (2) SAW devices
for purposes other than identification tags; and (3) using
the modulation methods described herein without using the
SAW technology and for purposes other than identifications

25 tags.

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

30 =scope of the invention in its broadest form.



substitutions and alterations are possible all of which wll be within the
i ntended scope of the present invention. These include, w thout being
limted twp og@¥2682uch coded SAW 25 devi ces can be i npl enentrea/uss/sag7orul ti pl e
acoustic tracks and/or nmultiple SAWtransducers; (2) the SAW propagation
path may be folded in a variety of ways to achieve a snmaller device area
or other purposes; (3) the transducer(s) may include use of unidirectional
SAW 30 transducers; (4) the phase positions of reflector structures may be
i npl emented using fine grain spatial adjustnents of reflector elenments of
a size that is a small fraction of a SA¥Y8wavel ength on the device surface;
(5) the WD 03/052682 PCT/US02/ 36870 -37 reflectors nmay be arranged in
conjunction with WBRE LRaBLAEMEDSARYt r ansducer such that the device input
may be either totally or partially separated fromthe devi ce output

bet ween the nore than one SAWtransducers; (6) instead of 5 using encoded
reflectors in thelSAW 8eviceacesmmuntial wagke (B8RE) endeuli Nficsyide tag,
acconplishedcgﬁépgsﬁﬁ || known SAW transducer filter inplenentations of
specified i mpulse responses; (7) the reflective taps and/or transducer
taps thab are usadgiczmriodstie dabatcabeuseslvinyamn eSkwWoft rkhddawr

nmet hods for i N he desired anplitude based on wdth of strips,

t hi ckness (o?géggéﬁ)gh%rg?prs, nunber of strips, and varying overl ap of
strips; (8) the SAWrouansduedptearrabagepr by tethuneilisenpciich aas dhand
shapi ng, pha esconﬁgn ation and.gtheé %%é&e( fupctions; and (9) as 15
wel | as any Bf°8° erof Bl'efgnt's®gre té&chfdl ogy. The broad cl asses of
nmodul ati on nethods desberbed hetkictare describetednagongechiian sidds SAW
dentiTiegti oon' 28 UMy "PAH LGN "BLASEE PSS PEy 138N Butse

position and phase position.

2. The SAW identification tag as recited in Claim 1
wherein said reflectors are arranged wherein said phase

15 position is in gquadrature.

3. The SAW identification tag as recited in Claim 1
further comprising a framing reflector located between said
SAW transducer and said group.
20
4, The SAW identification tag as recited in Claim 1
further comprising a plurality of said groups separated by

dead spaces.

25 5. The SAW identification tag as recited in Claim 1

wherein said number is at least 8 bits long.

6. The SAW identification tag as recited in Claim 4
wherein said plurality of groups is at least four and said

30 number is at least 32 bits long.



connection wth fields other than SAWidentification tags 20 such as,
without Iimtation, (1) identification tags based on technol ogi es ot her

t han SAWwedhnsdesny; (2) SAW devices for purposes ot her PRAMUS02/36870
identification tags; and (3) using the nodul ati on nethods descri bed herein
Wi t hout using the SAWtechnol ogy and for purposes other than
identifications 25 tags. Although the present invention has been descri bed
in detail, those skilled in the art should understand that they can make
vari ous changes substitutions and alterations herein w thout departing
fromthe spirit and 30 scope of the inv&htion in its broadest form WO
03/ 052682 PCT/ US02/ 36870 -38- WHAT IS CLAIMED IS: 1. A surface acoustic
wave (SAW identificattoR FAY, 1dephbficrhienstas meontdead i kit # e
having a SAWheaasdueard oGatad dheseo8roapsr Qup Hf §é9é§ apeagged, by both
pul se position and phase position on said substrate; and a nunber o
reflectors dF3i¢iBUreET akBngtshrass| 86sbite Loe®-that said reflectors
encode a nunber by both pulse position and phase position. 2. The SAW
identification tag as recited in Claim1l wherein said reflectors are
arranged %herein gai d Phaseders iggsiation i sagn sfuadeaited. i3 Cﬂhei@A\N
identificati C f rarg
reflector | oﬁ?ﬁ%g%ﬁﬁgns%‘g%f%%vﬁ%#s%udékgerﬁfﬁn%fsal 65 ?r oup. ?.Araﬁj'he
SAW i dent i f i Baviee 2afragueeevtedl bat@eanntwo and three glgahertz

9. The i1dentification tag as recited in Claim 1
10 wherein at least some of said reflectors are single strips

of conductive material.

10. The didentification tag as recited in Claim 1

wherein said number is unique to said tag.

15
11. The identification tag as recited in Claim 1
wherein said number contains data pertaining to an object
associated with said tag.
20 12. The identification tag as recited in Claim 1

wherein said number includes an error detection portion.



further conprising a plurality of said groups separated by dead spaces. 25
5. The SAWidentification tag as recited in CCaim1l wherein said nunber is
at | east WOWBWS26BDNg. 6. The SAWIidentification tag as re®cCrasod/sssd@ ai m 4
wherein said plurality of groups is at |east four and said 30 nunber is at
| east 32 bits long. WO 03/052682 PCT/ US02/ 36870 -39 7. The SAW
identification tag as recited in Caim4 wherein said plurality of groups
is at least twelve and said nunber is at |east 96 bits long. 5 8. The
identification tag as recited in Claiml wherein said SAWtransducer is
configured to produce a SAW having a fr€uency of between two and three
gigahertz. 9. The identification tag as recited in Claim1l 10 wherein at

| east sonme of sai #reffefEdedardf sPREFEt4bFi fs SWFLRPPIBEONFE LRatwaraal .

10. The identsiwral8ORc A9ca6i68CELET EOmSlakhd. Wherein said number is
unique to said tag. 15 11. The identification tag as recited in Caiml
wherei n sai d nunmb®¥Ctohtdi AsSAHt ArpBEEHCARENgOratad OB ectriemsdddimd with

said tag. 20gdB=rHAhecidentificatiogayag as recited in daim1l wherein said
nunber includes an error detection portion. WO 03/052682 PCT/ US02/ 36870

-40 13. A nethod erudpegat isfgh sBRVaceacoustileckayef reBAWrddamtidiat i on
tag, compri iaggggtf%&%é%gg@éné% Lranpduees1becated anad BL1h el
position and phase position on said substrate; and
demodulating reflected portions of said SAW to yield
a number encoded by both pulse position and pulse position.
10 |
14. The method as recited in Claim 13 wherein four of
said sub-slots are arranged wherein said phase position is

in quadrature.

15 15. The method as recited in Claim 13 further
comprising causing said SAW to reflect from a framing
reflector located between said SAW transducer and =aid

group.

20 16. The method as recited in Claim 13 further
comprising causing said SAW to reflect from reflectors
distributed among a plurality of said groups separated by

dead spaces.

25 17. The method as recited in Claim 13 wherein said

number is at least 8 bits long.

18. The method as recited in Claim 16 wherein said
plurality of groups is at least four and said number is at
30 least 32 bits long.



5 causing said SAWto reflect fromreflectors distributed anong a group of
slots arranged by both pulse position and phase position on said

subst r at ewoanssserodul ati ng refl ected portions of said SARCTASY/8d8d0 a
nunber encoded by both pul se position and pul se position. 10 14. The
method as recited in Caim13 wherein four of said sub-slots are arranged
wherein said phase position is in quadrature. 15 15. The nethod as recited
in Caim13 further conprising causing said SAWto reflect froma framng
reflector |ocated between said S%NVtransgucer and said group. 20 16. The
method as recited in Claim13 further conmprising causing said SAWto
reflect fromreflector di st.ributed anon lurglisty of said groups
separ at ed by deag spacds WA %%erﬁgfﬁ8§ g?|é;ﬁ¥%d“¥ﬁé%%ﬁﬁ?l%g&ﬂerein
sai d nunber pisirafl iltgasit Gduus ligngt adhetwelhwdans secdt admbarCiai m 16
wherein said pIuraIiE%Nég%ﬁg' ups is at least four and said nunber is at

30 |east 32 Bit $9B&y. ¥ 2 PCT/ US02/ 36870 -41 19. The nethod as
recited in Claim16 wherein said plurality of groups is at |east twelve
and said nunber is at least 96 bits long. 5 20. The net hod as reciteg in
Claim 13 wherein #&i-d 3§QNWﬁﬁﬁ%gf?%qH%ﬁg§eéf1Be§%@&mt%%)@Wﬁ??h?eéal
gigahertz. 2Zhy The methedandedrt edtwecd awd bhaeneien Algddeastz some of

said reflectors are single strips of 10 conductive nmaterial.
21. The method as recited in Claim 13 wherein at
least some of said reflectors are sgingle strips of

10 conductive material.

22. The method as recited in Claim 13 wherein said

number is unique to said tag.

15 23. The method as recited in Claim 13 wherein said
number contains data pertaining to an object associated

with said tag.

24. The method as recited in Claim 13 wherein said

20 number includes an error detection portion.



22. The nethod as recited in Caim 13 wherein said nunber is unique to
said tag. 15 23. The nethod as recited in Caim13 wherein said nunber
cont ai ns wetoa/opeBt ai ni ng to an obj ect associated w th saiPdTiEsg2/36840 The
method as recited in Caim13 wherein said 20 nunber includes an error
detection portion. WO 03/052682 PCT/US02/ 36870 -42 25. A nethod of
manuf acturing a surface acoustic wave (SAW identification tag,
conprising: formng a SAWtransducer on a piezoelectric substrate; and 5
depositing reflectors anong a group of slqts arranged by both pul se
position and phase position on said substrate, said reflectors encoding a
nunber by bot h pul osi tion, and phase position. 10.26. The nethod_as
SrieR §° Perrberh

recited in O ai m25 whét & PELLF & A Hged ASSET Y8
phase positi ofsAW iiderttiafiradtiiien 254, Wrenpreidiodyas recited in Caim25
further 15 conprising depositi a fram ng refl.ector, between said_ SAW
transducer and sai%mﬂ%d?:ﬁ).a %éh gg@nﬁglﬁﬁﬁﬁ %é aré’éietzéjt?]ieﬁecﬁlﬁ ;%u%%”%?&;?her
conprising agddirality of said groups separated by dead 20 spaces. 29. The
method as recited jn daim?25 wherein said nunber is gt lLeast 8 bits |ong.
25 30. The met hod AEPTRR: 1R ?#%%‘%%@W& ORI O PdPAS A5 69§ Foups
is at |east figur woehsabdlsanbgssiciah heastpBAsbit pok@Bgon3lonTheardt hod
as recited in Claim28 wherein said ,

gubstrate, said reflectors encoding a number by both pulse

position and phase position.

10 26. The method as recited in Claim 25 wherein said
reflectors are arranged wherein said phase position is in

quadrature.

27. The method as recited in Claim 25 further
15 comprising depositing a framing reflector between said SAW

transducer and said group.

28. The method as recited in Claim 25 further
comprising a plurality of said groups separated by dead

20 gpaces.

29. The method as recited in Claim 25 wherein said

number is at least 8 bits long.

25 30. The method as recited in Claim 28 wherein said
plurality of groups is at least four and said number is at

least 32 bits long.

31. The method as recited in Claim 28 wherein said
30 plurality of groups is at least twelve and said number is

at least 96 bits long.



30 plurality of groups is at |east twelve and said nunber is at |east 96
bits long. WD 03/052682 PCT/ US02/ 36870 -43 32. The nethod as recited in
Cl ai m 25 wohas®swsssai d SAWtransducer is configured to pr®dmasoza3dd2WV havi ng
a frequency of between two and three gigahertz. 5 33. The nethod as
recited in Claim25 wherein at |east sonme of said reflectors are single
strips of conductive material. 34. The nethod as recited in Caim?25
wherein said 10 nunber is unique to said tag. 35. The nethod as recited in
Claim 25 wherein said nunber contains data pertaining to an object
associated wth said tag. 15 36. The nethod as recited in Oaim 25 wherein
said  number lnclgggs %Ree%E%%C%Faﬁftfégh éﬁtignC1aim 25 wherein said

SAW transducer is configured to produce a SAW having a

frequency of between two and three gigahertz.

5 33. The method as recited in Claim 25 wherein at
least some of said reflectors are single strips of

conductive material.

34. The method as recited in Claim 25 wherein said

10 number is unique to said tag.

35. The method as recited in Claim 25 wherein said
number contains data pertaining to an object associated
with said tag.

15
36. The method as recited in Claim 25 wherein said

number includes an error detection portion.



