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-l a BACKGROUND OF THE | NVENTI ON Moder n technol ogy has produced a nunber of
useful electronic identification nethods and devices. Mdst famliar 5 are

t he ubi quit ous bar codes and magnetic strips that, together with their
readers, are wi dely enployed by businesses and others to perform several
identification functions. The main reason bar codes and magnetic strips

are so widely used is that they are very cheap. 10 Bar codes and nagnetic
strips are limted, however, by the relatively snall anmount of data they
can encode and the effective range at which they can be read, which is

quite WO 03/ 052682 ratrel Aottt OGAVE IDENTIFICATION TAG HAVING

ENHANCED DATA CONTENT AND METHODS OF
OPERATION AND MANUFACTURE THEREOF

TECHNICAL FIELD OF THE INVENTION

5 The present invention is directed, in general, to
identification tags and, more specifically, to a surface
acoustic wave (SAW) identification tag having enhanced data

content and methods of operating and manufacturing the same.
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PCT/ US02/ 36870 short. Magnetic strips, for exanple, generally have such a
linmted range that the reader nust be in direct contact withl?hmeg0p6p in
order to decode the data thereon. In the very few cases where a magnetic
stripis 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_ an be reliably read 1is typically no
better than a few centineters. In addition to range limtations, both bar
codes and BAOXKGRQUNT | @F STHE pENVERTIONOSSi ble to read if there is any
obstruction between the readi ng device and the bar code or nagnetic strip.
When reading a magnetic strip or bar code, the orientation of the reading
device rel ati veddedhe &MnoT68¢ REsNBYBELEESSE HRMBeSO oF @S a probl em
If the 15 reading device is not properly aligned or is held at an 1incorrect
angl e, thelastoduuls nfdantet f bpatapnndetbedpeand dayigesesdiastoff amigsiar

pr obl ens, chyndiwvi 0 i r I ing by a
hunman (%Eerag%o:ﬂﬁ]ql% gﬁ r%%%ag%guggéégi gﬂcﬁle@ggg.&%iﬁg@ g!tll? #Jascsz'(t{: ?{\%g ‘feature of
20 bar codegedritemugiist itheiri psadsrshatrehwydely empdpayesi oy,  However

their inherent JymJations have prexentsdrthelr. use 0.q uide srange of
appl i cati ons for nmachi ne teadabl e ags ere ﬁlg |y relirabl™e an&ltotally
aut omat ed freadiiinghs s  Tleguna d feasoradarangdssobndprboneeder &t mgisers. 25
The radio fre%¥enc. identification é"gﬁl[f% ta%?is gnother prior art type
of identi At HRALSShhehS TRREr FBGYt 8ES BEFDB £B§&8Prefl ect or
retrangmt a ragHmo cddafuantymedggaeict ocrepyr aranlencedad ndmakidr, cadyi on
nunber to the interragator._ A good exanple of RFID tags is their_ 30 usage

in the Coltll’\?_ctrle&rﬁtoifveﬁi}@%l]anﬂm‘B‘I“il'Elg%ftGPF@ thgy RPPD%@dies aﬁ‘éﬂsittl'ieoned on
a user's \WHHLSE O fé@‘&_f@r& t¥h#Fh they can be read, which is quite



i nterrogation signal when the vehicle passes through a toll collection
poi nt. A readi ng device connected to a conputer 19 June 2006 V¥DI@z/0H8682

PCT/ USO2(,36¢% processes the tag identification nunber %Hﬂ
decoded |nfo%%a§?on to charge a toll to the user by deduc aﬁﬁgséhnunt

due fromthe user's credit card or other account. 5 Prior art RFID tag
devices are of two basic types; those that contain a mcrochip and those
that do not. There is a radical difference in cost and performance between
these two types; to such an extent, in fact, that they rarely conpete with
one another as to the appropriate 10 type of use. As a general rule, chip
tags cost nore but have a larger data capacity than chipless tags. Chip

tags, | 1OrsRIBED! CyaghRciehale i fol AYAlLRhE1 00! GWna NNl GRsle OtucAboUt

one dol I ar eac mhen or ina quantify o ne mllion;
wher eas na@yl¢manésgamggsbma£rﬁhﬁe&ﬁ%ﬁbﬁSm@etcbgtlheﬁsnﬁﬂﬁ1qmn©@ﬂts each

even when JROHTERLULER; by WBRLLI Lesaologoa tundied dilausand. MRSy EF D
tags will have a Tonger~reliable range fan nmagne |c s rips and bar codes.
As a rul e, v&FYDEéageasaa xb]eerenaemaggeted sm:rmuis hm/aahguashsa ghe¥icant

| i ne-of - 5|8h$ d orientation problens as are, evi bar . codes and
F Ph

magneti® s Gudh T p T2 T hadet s IBﬂangﬁﬁﬁ év R&rf hedPet i c

strip and bahg éOQQ §¥§l¢ﬁﬁ>nl'fyha Fangecal imtieels tHhepeean beineliably, used is
still a Ilnltlng%factor Chip tags are by far_the nbst pop ular A Chlp t ag

25 consi st shgfe %ﬁ:téVgn’éﬁPgeo?tf‘é}éf-G}rleEar(G_L?d%s c%‘blﬁ%rre %t?Joﬁérﬁ%a (2)
circuits fog ep?yeanwgnba@teqt%xgr@{a% t0 £HPIBUH eIt As Si gnal s and back to

radio signals; (3) an
n addition to range limitations, both bar codes and

10 magnetic strips are impossible 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
use 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



antenna; and (4) a neans for providing DC power to the chip circuitry. In
| ow cost RFID chip tags, the first two 30 features are oftenl8dres &6y or

total |y ywplggsRked into a single mcrochip, which integrgtip (,%/g(g;%res
certain conpromses in tag perfornmance (read range, number o Its, etc.).

Thi s conbi nation of features also leads to certain 19 June 2006 WO

03/ 052682 PCTI US02/ 36870 -4 integrated circuit (1C cost and/or design
conprom ses to accommobdate both digital and radio frequency circuitry on a
single IC. The inpact of these design conprom ses can be partially
conpensated for by use of low radio freguency 5 (RF) operating frequencies
that, in turn, lead to rather |arge and expensive antennas. The npbst

daunting ppebtegsust hegbi pciagsi dsnt hei deeton f aludde Poveid f eisddie o p
circuitry. The _conbjnation of environmental issues coupled with severe
const rai nt3eended cHREOrEREECRNE (i GHRTABUA | YOréquFPestRPatigee i not

have a batdesy-05ngt Rl ko0 danevei Pwee. u1he anlyreganerahly diseabl e

solution is to obtain DC power by converting RF power received fromthe tag
reader - si ghheri acoo@Ttpower within the tag. Those skilled in the 15

pertinent art t a vvignf[zt b ry or_oth r r S..
" passi \?é(; tags,‘s%nzl)%e%t%ﬁosée a{:ggon eé’i%r%)éés %la%tgﬁfypcg'?@o %%ggsgsngees’are
terned as tlassevehdtagsonthen passiiveonitipodand prlowai ngabC gowerott.o a chip

and i gher TRPERSrIA { B TRGETAT e VB THOMY hen ot TH0 BPeooraRidRs added
conponent shatwednWehksei ther tagedst;0 ddhesudosdn oéxtBatMm ¢noghtp ,orcHax t he
oo o Pl S0 L0 L e ST (et SLEELL 2l companents 10 Lhe t oo,
whi ch wi | |F8€Y Y P pprop
10 type of use. As a general rule, chip tags cost more but
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
quantities 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 computér
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 mwmicrochip, which .integration requires certain
compromises in tag performance (read range, number of bits,

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



also result in an increased tag size. The nost inportant 25 |imtation of
passive powered chip tags, however, is the severe restriction9dweX¥o6read

range of wdes/dsage2because a signal that is sufficiently stpEPgséideyer the
tag only extends a short distance fromthe tag reader antenna. Thus, while

chip tags have the dom nate share of the RFID 30 market, the high cost and
limted read range conbine to prevent chip tags fromreplacing either bar
codes or nmagnetic strips in any significant nmanner. 19 June 2006 WO

03/ 052682 -5 PCT/ US02/ 36870 "Chi pl ess” RFID tags do not contain a mcrochip
but, instead, rely on magnetic materi aks or transistorless thin film
circuits to store data. A nmgjor advantage of chipless RFID tags is their
reIativeIyﬂmm&gnxﬂedTbErdhﬁadwaaoagescSa@ﬁﬂdﬁ[ﬂesﬁgmaQSmpnomméestmﬁ t hey

are range limted . (sever ent i ter at t.he and onl cont ai n
limted aRGEESRGshfaPHat forltHe éﬁﬁ&ﬁ<ﬁn§%ﬁ%&9%rSBF e Ths o
prevent ed tahg'lhgli%”f@t ageept apee ti BESPhe8e0febhgh! chbRyrofdSesPientdeal . 10
In the year 200 the current global nmarket for_—conventional RFID systens

and servi c@@lﬁtslaﬂ#x heowpgepaged SRr nPY| e 95, 188l ILRELo TRFSINENIEt i s
largely s f0r<ﬁ%h nd A8k Al LRIl qg%tfrfzmnegeﬂt qrag%&i%a&aft@zetxens of

dol |l ars eac chi pfess t'ags are not sel g wel'l,” 15 they have
gener at ed @@&ge|ﬂﬁdﬂ$§pem$DW$aannﬁheaSof potentlal users because of their

| ow cost pot ent iggl, r&s@“@&ugéﬁ?ng E%E%le a%@?tﬂa&é degt ’cﬁféc%tee‘?i‘

mar ket between ‘the ver OW COS ar codes and t ormng RFID
chip tags.fEheImwepaWérnﬁDkethe;mﬂz@mmlngultry The Comblnatlon of

environmental 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 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.



20 for a technical solution to fill that gap. The critical characteristics
of the new automatic identification technology to fill this dgapgusr2006(1) a

cost of Qﬂ;&?@?ﬁﬁne cent and ten cents per tag when nanu&qﬁ&ﬁ$ﬁ§égﬁ hi gh
2 a n

guantities; reliable reading w thout the need for 25 manu i ng by
a human operator; (3) reliable reading wthout 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 wong side of the package, etc.) ; (4) a
reliable read range of at |east one to two 30 neters; and (5) a tag data
capacity of roughly 100 bits. Such tags_are of vital interest to postal
authorities, airlines and airports, nass transit authorities, aninal

breeders, the 'i‘zéﬁ_s_gq%snn%@fﬁytagglaaeﬁaftbeéhes%e%, Aok ing, 2006 WO
03/ 052682 PCT/ US02/ 36870 business W th significant supply chains,

particul ar ipsthede rehat omamagaiat icnvewresipler drakdlagSigstomms sigtebasuner
ds. and  oati . . \ . .
goods, an ff?gg{:‘%rgﬂﬁ% @5\%%&@@5&%;3 %%%‘e&&ﬁ@e&%ro@dﬁ;@léé 'S no

practi cabl &; rcararly eret spos is goging to be
sold with rRhgEDptadscts tAedar dieigityiveilatl dws ceetded The tdisaattantsages

reliable, conomcally priced, small identification tag upon . which .can be
encodedgsuﬁgta Jr%fef’ﬁen ???caﬂtr?%]nuéfatéf at EE‘SP{ b%rere%?jng? at WHetfhat e
range and ¢gavbealsedntAm2tedls elty tolfe mbdtoMAnD TR T aithifror immeed ety of

applications. 19 June 2006 WD 03/ (h2682 PCT/USOZ/BQS;S -7 SUMVMARY OF THE
| NVENTI ON 38°HBHFe88 {RECEBBVACH scliSctPRY ey enkitdde?f RIRPLYPF d*2%irt, the

present inyeaibARcRr RHLBS AasUELaGRceptance in spite of their low
cost potential.
10 In the vyear 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 chip
tags that typically cost from about one dollar to tens 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 1in 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) reliable 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 wvital interest to postal authorities,
airlines and airports, mass transit authorities, animal

breeders, the livestock industry, delivery businesses, any



5 acoustic wave (SAW identification tag and nethods of operating and

manuf acturing the tag. In one enbodinment, the tag includes: (3d)u& 2006
piezoeleggékf_%Hggtrate having a SAWtransducer |ocated thereon, %%L a
group of "B2%,  anged by both pul se position and phase Ho¥FBd%88h said
10 substrate; and (3) a nunber of reflectors distributed anong the slots
such that the reflectors encode a nunber by both pulse position and phase
position. The present invention therefore introduces the broad concept of
enpl oyi ng both phase and pul se position 15 nodul ati on and/or the use of

mul tiple pul se conbinations to dramatically increase the anbunt of data that
a SAW identification tag can contain. “Such increase allows tags to contain
substantial data, e.qg. l.oball.y _uni que_nunbers which.allo the tags to
o used t oPHIGRERR e BiaeR ik SY AHEPIYeRERTES nHRBG! Chr SEbYel s et quel y
and rel i abkynatl maneterhodi mesit ©fyt ke presade |ifwent mofrirgheconehimeat ors
are arranged erein the phase position is in quadrature. |In an enbodi nent

to be illugPPFed 38 SU&Er i PRIESS FF Diase WP ahgrtMEsS ofRehe & 8% ffect s

phase 25 mpeil-ald ahg Whi Chot Spi-AcRathph @S PeRsithl @, f0M  hended acheakky ng
capacity of tags constructed In accordance with the principles of the
pr esent 5i niéntileposiab lencrhers el nept bef sphd pieberbiei R¥EALicdn, the

identification X fuys r iqﬁ!ﬂge Lng.r e r..3 9 g bet ween
t he transducer a%%cFﬁgﬁngﬁb. s ??ﬁ%#g%?re Igﬁ%o%£§a§sb% %egg%geg’as a
start r ef | ecbopmilcaldlyy pnboddpesmatld bixlelestfibediand tihl ugiorat ediah
addi ti onal c\é\g g%/ %?1%60%%& 83u£gstJalﬁ eia2100i6denptclr1‘%Pc?ggé.:oggsggta that can be

read at an adeqguate range and can be used in a variety of

10 environments and for a variety of applications.



end reflector and the start reflector serve to frane the groups of
reflectors that actually encode the nunmber. In still another éhideati2id0t of

the invegt| < e SAW identification tag is further co
pIuraIitgkg /bg&groups separated by dead spaces. The deag$gg§§§§8&aﬂile not

necessary to the present invention, separate the groups so as to decrease
i nteractions which nay cause excessive inter-synbol interference. In one
enbodi ment of the present invention, the tag 10 encodes a nunber that is at
| east eight bits long. In still another enbodinment the tag has a plurality
of at least four groups that provide for- a nunber that is at |east 32 bhits
long. In a particularly beneficial enbodinent, the tag has a plurality of

at | east twelve 15 groups angiemsedesraTiMBRyEWr6R IS at | east 96 bits
l ong. In yet another enbodi nent of the present invention, the transducer

is configured to produce a SAWhaving a frequency of between two and three

gi gahertz. A us I t t hi 1] 'qﬁg; r Qyi . Lhe £r ducer
to 20 produces gﬁgAﬁF%%ggﬁb %E?rgﬁﬁgﬁggﬂ%% a éﬁf §¥§g8§Fé§%8%t£?E ?2§%till
yet anot herpreithodiaten; ofhé heprewent i oipvaht ibeasprsovidesf &hesuefbeet ors

are single strips, of cond tve material. The reflectors may.,alfernatively
be rmul t7 plFEXUFEPS G eggéﬁﬁqéet qu?ngb%éstatég’na %?%gl?%S“‘i%ﬁoéitﬁ oP,% or may
be of any dppeatdhay hedsSuahalflaetheridg paidi esbar appldgat é@PodMment ,
particul arly beneficial enbodi nent of the Rresept i nvention provides for
the tag to M etaIgLEEAMAPSINi Gue 2nBABEPSIERGE 15e SHRRLRF & HAYiHREué gl obal

Identificatdon @ira3dider 08 R eheoieCtS(2TNiS WS BYTLEILRG
capabi l ity advantageously effects object (or asset) tracking, and, when
coupl ed wi tdrxangedi Py thyotly makstepoRiyion and phase position on said

10 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 increase 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
gquadrature. In an embodiment to be illustrated and
described, the phase arrangement of the slots effects phase

25 modulation, which is in part zresponsible 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 as a start reflector. In an

embodiment to be described and illustrated an additional



| arge nunbers, effects a gl obal object tracking system 19 June 2006 -9- In
one enbodi nent of the present invention, the nunber contains ﬁ?h%e@%? ai ni ng
to an object associated with the tag. Thus, the tag is advantageous é

af fi xed YOO8 ect, 5 which nay be a nmachine part, a pBEKA§E23&Idpl v
part, inventory item another identification tag, animal or any other type
or category of object that can be grouped or <classified. In another

enbodi nent of the invention, the nunmber 10 includes an error detection
portion. The error detection portion may further be capable of error
correction to at |east sone extent. O course, error detection or
correction is not required in the br 6&d scope of the present invention. The

foregoi ng has outlined, rather broadly, preferred 15 and alternative
foat ur es 6P HE Phesit RAGertorP A7 WAETLPRBEE. SR G T Nt HEE arhSmay

better undeisiandt hetelaided rdescatphibonyobnthgel RHeNHh@beihat fol | ows.
Addi ti onal features of the invention wll %e descri bed herei nafter that

form the subj ed® ¢ftitlHe analilier FmbodineRen?f ophe 10nYaRE1I2D06L PRAOSAY) 052682
PCT/ US02/ g.@%%% lf:IlQZhA‘DfBI!ClJ;rF g?@c& PELONLCOF Pgﬁ@%\yd“@f FOT 8, P01 ¢ GORgH et e

under standing of the pres I nvention, reference 1s now nmade t0 the
f ol | owng g5 cdgsc régqna onsed aken deadc agaget i onThet kerlde sprerpanyhige

Ora 105, i WIS LV, Al LUt oy, LoTeL g abiepHeoms o par o
I nventi onsbo ddetd i Bgcpansel Srteractions which may cause excessive
inter-symbol interference.

In 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 bits long. 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 single 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 unigque 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.



10 they are carried on a conveyor belt through a reader incorporated in the
machine; FIGURE 2 illustrates a bl ock diagram of an enbodi nent9 Junt 2606
conput er or conmuni cati ons network of a type that could be usefully

enpl oyed with the present invention; 15 FIGURE 3 illustrates a plan view of
a top surface of an enbodinent of a SAWidentification tag constructed in
accordance with the present invention; FIGURE 4 illustrates an exanpl e of

digital PPMshowing four positions of @ tine span for transmitting data
using 20 convent ional elbPdllikeéUIREE Sthel pstsahes iavetxdapl, e tofe angnber

enbodi nrent of the [nvention showi ng puls s for a caonyentional
R 2

e position
four stat €IS PEELRENB1Y| sFPaPEgeﬁﬁ BRERPIETEA M nent of

25 the preasgnt iTwed!ieneWwid akl guabheagubeg1poskirigag tdelrbeymfedyy,
structured to have significantly overlapping Sspacing that is snmaller than
Tmi n; B GWEGh 1aYisbe ad e8a¢héngeparts 8f PaAkagRrboSURPAY ®PTtpul ses with a

five-fold jReL ipedipe L0f galat eScas9ohhat ghagnad dahmahed, det ection
) b gﬁﬁ%? r cafio ,fandmal''o
mar gi n; FI GURES 8A and 813?1;ll ustrate tﬁe real and ||%ag| nary partsrggf
over | appi gy fmi segpan oh eat eddey phaskjehffthet ca80belFriuped2@e6 WO
03/ 052682 ﬁ%slslilfﬁpg&36870 -11 FIGURE 9 illustrates an enbodi nent of the
i nvention ere ‘a phase increnent other than 90 is used with substantially
i nproved di scriin ratotitebe¢mbedimért cofrehe iavaheiand the meimipeoring
states where the alloweble PYlog. 8, SRASLRFSLAT TILNLS AN 2, 18:3 phase
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 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.



adj acent allowed states is used; FIGURE 10 illustrates an enbodi nent of a

m ni mum pul se spacing rule that allows using MPGK al ong w t h 1BTgks 20 GURE
11 iIIus%yat s(g tabl e showi ng the 286 possible 10 states that exi st when
three reM%&¥{%#%%are used in a group of 21 Slots having &KYI248Wor of
four; FIGURE 12 illustrates tables show ng two sub-groups of states froma
SAWRFID tag with four reflectors per group, 20 slots per group, a phase

i ncrenent between adjacent 15 slots 90 with division into two interleaved
sub-groups of ten slots each; FIGURE 13 illustrates a table showi ng the
states for a SAWRFID tag with 10 slo_t];_two reflectors and 36 possible
pl acenents; 20 FIGURE 14 illustrates a qock di agram of a net hod of

operating a SAWIi denti f] o) i.ed._o a i to the principles
of the present inventi #f%hdﬁﬁ%%%ﬁé@%k, 8Fug¥{ﬁa§§g%§hgﬁ%ock di agram of a
met hod of manufacturing a SAWidentification tag carried out 25 according

to the principles of the present invention. 19 June 2006 -12 DETAI LED
DESCRI PTI ON Ref 8PEi ng iTR¥¢ al93MRe R cyrdersbandidi atdd FBearP%eF8Bfetric

crbodi mont 87 PRty esant | VARl oA 1o ent1 Ty phrcel aoio 2e Theyare

carri ed5ondascoapgjons bekken2(n heonghnat i eaderitiB0thrc crpormpady ingt he

ToCh e B0adhah, T ARRARS, 3, Ceprensniatve of the Knd of e mehine

having a need tsIGl®a iiy objectsaves h arpaisomakaict ysadel nsidwl wdftrated in

order to d%ﬁ%@%iraégrting and identification wachine employing an
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 1illustrates an example of an embodiment of

25 the present invention with allowable pulse positions
deliberately structured to have significantly overlapping
spacing 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°;



certain useful aspects of the present invention. Those of ordinar skill in
the art will understand that a seem ngly 15 endl ess nunber fHe 100

conflgqublgmgvgfn be used to incorporate readers 130 th@& &ﬁﬁ/ﬂ%ﬁi'ze t he
present Invention. There are nunber of historical businessS applications

where object identification with specific particularity has 20 always been
required. The transportation industry, for exanple, has always had to
identify each luggage and freight itemwth particularity fromorigin to
destination. O her such businesses include overnight delivery services;
package delivery services; mail order_jcatal og stores; and even the 25
cattle industry, where each cowis tracked frombirth to the tine it is

delivered to therghaughd ef)housearthe sRtdadsyiteed By these bushpesses have
ranged from 19 June 2006 WO 03/052682 PCT/U802/36870 13 placing | abels or

brands on wherebj actBherst énabbwenhe cbbpbctthanbe 3 shal |ysedenvithed to

using sone L%Rgc??%lg& ntﬁlﬁ @rli?%_igﬂxhlhgggéhf bl jan % l%’éf»:?é%t The

|nexpen3|ve ent| ags €escCri herein
revolut|onszatbraddtt@@aMGughhqﬁjngﬂsunteauWHaﬁﬂﬂahq;akicﬂ&bﬁe ghks SAW

i dentificat t 140 th t ff t dat
capaci 1§ aHBS PO A TRHBUGbad Shots {BPeBRp A SFERE T eV arE -

identificahﬁgace@ysqubwéaugdggggnﬁs|J@@mt|on will enable traditional 10
busi nesses reqU|red to ggobally |dent|fy and track objects wth
particularity t&I& 9nar?dnhﬂﬁlé“e%¢fpé. éht | yLIRGRUWBn| y

ijslel ggﬁ; n?g?%%o%tbébe:i@z@ ¥ rtquatoraﬂaawg;sqng aatti Yalstentifdabbespeed to
’ FIGURE 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 x90° 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 reflectors 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.



15 identification tag find the invention described herein particularly
useful, but the | ow cost, high data capacity and |onger relil&bluec2@@d range

wi |l enpower other businesses to find uses for SAWidentification tags 140,
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

contain | arge anounts of data, it wll ggcone econom cal for a grocery
store to track individual inventory it such as a specific can of soup

or a speciETAIIES mdsd¥esreko®y nmaking 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 replacing

[tems sold of HAmNM N lLeimidiay O5CAIBuRK! dal ediLRene Rl g ofy cOUrSe,

several yet to ifiled usi ness and ot her applications that will
find the pﬁ@manrlqrﬁmﬁﬂlvnﬁwmmﬁLﬁ p@I¢ebfsmht@hgaaedwﬁﬂhnn1&h@aﬂﬂ@n@ed

scope of Ares nt.i .0 I ive us f nt_.i.nvention
woul 4 cal MEARE SRR oy i 0 B 1R H e o008 whdPeafo LESkys <2t

PCT/ US02/ Sﬁﬂmien]téhﬂ;ﬂfcpatm:dahs pl e egls onhepyoéher cadentdf baati anntvaag/omhet her
such ot he ag .i.S SAWidentification tag 140, a_prior or a
subsequen %;9 UG AR {% %%% ﬂgﬁgrpgﬁﬁFgﬁrﬁgtgkefgﬁc

where a varw exmmxﬁ\maéhimgﬂmodlﬁ@lr@@ré@gntétys@dOEOthéenhhﬁyc& Shlpplng
container and it is necessary to return the tag to the shipper or, verify

that fRe EGtaitfer 4%di%s Rjemfite. lrrzé%%‘%h%gmﬁmﬁt6V?Fé®hée1t°a§s&ﬁ§9tene
|| T ustral emy@c N dhd Ss b1 i Lisg G bitedaPaboghiedlel Fy ey jeempam cthat - 10

is in the business of receiving a parcel from a shippe

particularity and is illustrated in order to demonstrate
certain useful aspects of the present invention. Those of
ordinary skill in the art will understand that a seemingly

15 endless number of machine 100 configurations can be used to
incorporate readers 130 that can utilize the present
invention.

There are number of historical business applications

where object identification with specific particularity has

20 always been required. The transportation industry, for
example, has always had to identify 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

25 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



one city and delivering it to a recipient in another city. Assune further
that the machine 100 is but one of a nunber of such simlar hdmeri¥96100

bei ng usggdy byl delivery business within its system of l];ée[r/ﬁré %6§70
collection points 15 and delivery vehicles. Located on or 1inside each

parcel 110 within the conpany's delivery systemw || be a SAW
identification tag 140 that is constructed and operated in accordance with
the invention described herein. At each point in the systemas 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_-i{gzansmits a radio frequency
interrogation signal that excites the SAWidentification tag 140 on or

within the pRadoed 138e1EheSAY-AH88t ohi cald opbiagr44@ Hkeneda5poNnds 25 to
the interrogation signal, which response is detected by the reader 130. The

reader 130 @ eedde8 vheupddponsentidisst & uhing deere f feERi 84 A@nber

for the pardy £ek 140¢ T feQugisnary ol | gy e pertipent art
will 30 uﬁ%%gg%gﬁé ﬁﬁggsgys%gﬁs E§§ﬁ§q§&%ﬁﬁfyH' ég% Se il Thi

] _ us; . entlflcati% tags 140 of the
type descr iiyekdastsire wBRN halen Uil ipat fayat bres. 14Rordascndberd hheedyst em

oSt ot ELGHTR b e ek L ASLY Lo 1e, Bt saetaASD-ba ke o
readi ng fi edykstdwd. spahs ch¥ wddil idfi calid ot meeyori 4 beddvd2ed i bhyordés t o
om0y each pareel, 1o, egprdloss. ol il scsaiion ot piatignon the
sizes 5 of el ekl rdie rte;a@@@pMaraﬁowO&a%wa& aksoident argeacesaugh to
permt all ssyi'szteesmso.f pa%lfeelgré%gn:[co ienavseirlltyio%asx?lill enable traditional

10 businesses required 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



t hrough. This al so neans that the reader 130 and tag 140 conbi nati on nust
have sufficient range so the reader 130 can reliably read thE Bmp2006
identifiwaloxs2éag 140 on a 10 parcel 110 nost distant frggide/seader 130.
In a delivery system such as that being assuned herein, it is inportant
that information about a parcel 110 be nmade widely available after it is
identified. In order to dissemnate such information the illustrated

machi ne 100 15 is coupled to a conputer 150, that is but one of a nunber of
conputers 150 in a network (hereinafter described) Because the parcel 110
identification information is availabt®en the network, a nunber of

deci sions and actions can be taken with respect to the parcel 110, such as
20 furni shilrg ttackengpladed mani amaticat idenpafdebtidf ttad hewhehingper ;

routing the parcel 110 for, deli vi a.anot her arrier; designating the
par cel llo_sf"z‘f‘:'ilj Iogﬁltﬁrn%a&la? avgé&r:gge gﬁ%&glait\}é’rny; agn&‘igp SnPrg’Eaniar"r now t o
FI GQURE 2, idalgysteat ed subsediledok vy 2bndeageam-ely.an enbediugentwaila eenputer

or conmuni cations . network 200 that could be usefully enployed with the
present i nFERECRT 1AM neth®dr k SBBTROEI d bE@TRoc&t AVEXY NetXWERSEVEAN'), a

Wde Area Newerike il WANY .t/ i tiziketo ié@n%&tf?aaeéhibfi@n{;”&@ﬁ’@gﬁne%
generalized internet, any 30 conbination thereof, and many others. For
clarificatieod purpesascessardedcherernran tihet riaa@t tps theprshidrre newor k

Tl ple of FTees) I e conga el T8e0iReb580i 00 0a 0soe02 o
PCT/ US02/ 36870 Refunrtierd | mked LANSFISNRE edsedadsumes ithhea YWANisTypieal |y, an
intranet al50.,/;0¢l Yo% iGOHASHY AR BLOYIRL Q08108 IR Ery company that
10 is in the business of receiving a parcel 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



gateway conputers (not shown) to the Internet. The main purpose of an
intranet is to share information and 5 conputing resources an@Jupg2@ne

i nstancggg obfskgci litate working in groups. For exanple, @wg§${x£;y conpany
may keep certain information about a parcel 110 within i?s I ntTanet system

for its own use but permt access to information about parcels, such as
tracking information, to 10 its custoners over the Internet. Another
exanpl e of how the present invention can be usefully enployed using a
conput er or conmuni cations network 200 woul d be a busi ness such as a
grocery or hardware store. Because eagh_itemin the store would have 15 a
SAWidentification tag 140 associated with it, as an item is sold

i nformati %@b%tréaaiﬁgl ¢ikbIgertaieddaNo dhe i o cREPELER At s
connected to a network 200. if the store's suppliers have access'to the

net wor k (peehaps20via pHdernter dglentifsucrdumirers Thh, nbroRsAliemFent ory
and 20 fe%@%@;é. Shid 8% K éiﬁ@é’t%ﬂi@'%ﬁ hale %%ﬁgﬁﬁz%uggaﬁﬁdﬁ%se@at are
I arly, a w

not selling. m ) e range o Interested parties ca
si mul t anedustquglt e evbedaf i 135 f r dn cadeessot banbils dafder@hthisn zieglse

typi cal. conput er net 2 environment .25 'él be.a server 210 _that

i ncl uded a?r?l%%g?egﬁ\gqéét’ a%g]see 5t ?%c‘@ﬂﬁkﬁ‘ﬁ % u § %esr‘? gt??n' #Srgﬁeci fic

t asks, andendwiti eyi pearand wldatdiwed ndorpattabs 3uch &S, eddilRepaisst ant
case, activit ith respect to itens identified b SAW i dentification tags
140. The Jﬁﬁﬁéf 'ne?ﬂbgkéiﬁﬁ RESES3G atolidl ¥ 82 9%% i ht? udRd oh@gor *Pore of a
vari ety ofcomivent b@nalistnNierfacs, fevd £8s: sysheasoPamxONBdagofpYbers 220,
conventional workstations 230, conventional office conputer systens 240 and

convent i orf@™ | ¥ptldpdonpttads U0, SAY Jigrntighgration tag 1407 on a
10 parcel 110 most distant from the reader 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. 1In order

to disseminate such information the illustrated machine 100

15 1is 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 wusefully 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



WD 03/ 052682 PCT/ US02/ 36870 -17 In addition to conventional interface
devi ces, a conputer network 200 can al so include personal di dotJane 2006

assi st antygo p363send i ndi vi dual |y addressabl e vehicles ("I AVCushzdsdy 270
can be any instrunment capable of certain conputer 5 functions that is

conbined with a wireless receiver and/or transmtter and is individually
addressabl e. For exanple, a delivery vehicle or a baggage handl er can have
atermnal that is an AV 270. Turning nowto FIGURE 3, illustrated is a
plan view of 10 a top surface 305 of an enbodi rent of a SAWidentification
tag 300 constructed in accordance with-the present invention. The SAW
identification tag 300 has a substrate 310 with well known piezoelectric

char act eri sitrittsr1 1106ed edanat apael eadedf 1t hessuif acwalQ5 afdikkalsupstaat e 310
is a 15 transducer 315. Wien the transducer 315 is electricall connect ed
to a nmeans ¥HrHMGi ﬁ‘ilr‘ﬁ? ahnF%P@??og%‘P?%%CEF@HEI thrQhiata PEgde T(dYSvia an

antenna) , il c8AYLREra KRWshoRApeRey taRrd AR Hiddde | gngengl ot ed

that travel™s down the substrate 310 as a surface acoustic wave or SAW 20
In one enbadireofe ofok hean nvieREranett hést r AAsdgbere315nfeormadifdnuraseli t o

pr oduce Qﬂ%/l C f hr i r A
parti cuIEgr I%;%Wse HP_:Q{;%%@?Q%%Q tgﬁlaé gﬁ%o I rren%ﬂ\]gggﬁg\a/%hggtghgat%?gﬁsé Ucer
confi gur ed waxrkiprpdie garoSW havFng exXamuluency dlelabmny 2cdbpgnyatwmert z 25

within the.internat 'honal I).%/m;_ ecoggi zed |.SM . band. O urﬁg), sht hose of
ih

ordinary sKIGP i RSFhELPertTHeRT® at Pwid 1o unde R fYeguatcy" Bet ween

about 400 Nhitreattett Ghistan | Folre ik shiswh heident Bundedoscape afcddes priesent

| nventi on ALl any giher [requency used 1o broduce a SAW 30 Located on

10 1its customers over the Internet.

Another example of how the present invention can be
usefully employed using a computer or communications
network 200 would be a business 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. 1If
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 more 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.



reflectors 320 designed to reflect a portion of the SAW back to the
transducer 315. The reflectors 320 are arranged to encode the® naébegs ed
response %gth_an 19 June 2006 -18- identification nunber that can be decoded
or demodM%Pd3%%82| 1 one enbodi nent of the invention, the PHEASOEBEIPI on

nunber is globally unique to the specific SAWidentification

5 tag 300. In

one enbodi nent of the present invention at |east sone of the reflectors 320
are single strips of conductive material. The reflectors 320 may
alternatively be multiple strips of conductive material coupled together to
act as a 10 single reflector 320. As those of ordinary skill in the
pertinent art will understand, the reflectors 320 may be i sol ated netal
strips, electrically shorted netal strips ielegtri.c strips

ser bonductingoCRiRe K St o hht FOHSTE0ER. G5 vaCERed rEsSREE SR r ays
of dots of naByorkb 20fo t 8&nf anegoiitg IudNBpe ASENALUNBLEGUS a0t heys iSétact &I es,
all of which are within the _intended scaope of the present invention as are

any of the26Phepdyaprdys duerlec eidremsaidshficiirdigons At carfbelfi¥ed.

Wien the tpagsduger Lal5ageneldesufe SAVS UKl bie SAWL20 icmak

tProceeds

along the Il ength of the substrate 310 until it encounters a reflector 320
and ref Pecfyngtpensi hasf isheombiigind withe aumieidleasedassrivasn I1df o SAW

si gnal conti ; N tes it efl ected
ona) < rSeAiER ELenad s S URALEASS, hammaes 9 onl

signals fromall succee

modul at ed refleédvetdyr ¥sponde oni gueatgaghabaBAer i cemthdve & itmrnagaB00. The
transducer5§%§ conver5?¥ftyi% conpl ete nodul ated refl ected response back to
£ 70

15 anl

an electri Sirgna a

i's returned to the reader by a suitabl e neans

Turning now to FIGURE 3, illustrated is a plan view of

10 a top surface 305 of an embodiment of a SAW identification

15

20

25

30

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
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.
In one embodiment of the invention, the transducer 315 1is
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 freguency of about 2.45 gigahertz
within the internationally recognized ISM band. Of course,
as those of ordinary skill 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.

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



(e.g. an antenna). This response is then decoded or 30 denodul ated to reveal
the specific SAWidentification tag 300 nunber. To describe thbma2fahgenent
of reflectors 320 on the substrate 305 it is helpful to consider rel evant
signal 19 June 2006 -19- nodul ati on net hods. Using conventional pulse
position nodulation (PPM a data stream can be coded by dividing it into
separate sanple val ues where a single pygge is used to 5 transm t

i nformation contained in one sanple. Changing the tinme position of that

si ngl e pulisermveficapt@deterhenedhsapatanobet deeosetves tenodaristdd t he

i nformati in that, s | e. i ngl e, pul ses i n subsequent, _ti .Spans are
L on y Y dihe StnediReSe ot Boh o PR F T ob L EHE P L F i tos. 10
Turni ng newntseFl BRF dbaily ushighedtbstBe syampkecobawdiigiehali tRRMtshaw ng

four positions of a tinme span for transmtting data using conventional PPM
In thi® cd¥ 34 sanple to be transnmitted is digital and has one of four

possi bl e val ues;, ShownREEq{hentf OUE PRSSHPEE-WRVEHOLAB 1L WRI qhh Lansi st of
nom nally identical single pulse waveforns whose tinme positions can be

centered isPhebfthouretieetorscazf onseoripal sespusPei ofis comWedriviarum time
spaci ng requ ::eﬁlpeti‘l‘?ee”ré’f’ié@tQPé'ﬁbé’”ﬁ?%oaff!é&‘hst&'{}é&gs'ﬁ'erg%lft%’i‘iﬂ‘e
tral eak of “any

nei ghbori ng pul se positions are essentia zero at the
sel ect ed pilsins soffndondt Torirsetepudbecopptedgtogetbert han at mscan be

used wit hout affecti t he ility t denpdul at.e_a_PPM signal_, .however, if
pul se\sALnopossl g alr% %?%fg%tp%%e%?%r eX%I glg% ?/ ?gaﬁn?'ﬁpﬁ,ryi £ 62%0%@5 tr?ﬁer e

di fficult dexrtimamdi grousl Y1 disdée ngtiasd, otke pueStepesdicki 0 0of mam ides 25
nei ghbor. ,Sanpling the PPM waveform at each. of the faqur ssi bl.e peak pul se
post 1 ons LRI (HEE THF es eorEreally. shofeed et ipd)

dielectric strips, semiconducting strips, surface
deformations such as etched grooves, arrays of dots of any
15 of the foregoing items, and numerous other structures, all
of which are within the intended scope of the present
invention as are any of the other various reflector 320
configurations that can be used.
When the transducer 315 generates a SAW signal, the SAW
20 signal proceeds along the length of the substrate 310 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
25 complete modulated reflected response unique to 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
30 demodulated to reveal the specific SAW identification tag
300 number.
To describe the arrangement of reflectors 320 on the

substrate 305 it is helpful to consider relevant signal



those of 19 June 2006 WD 03/052682 PCT/US02/ 36870 -20 or di nar in the
rel evant art that the denodul ation process nust be synchroni zed using one
of a number of synchronization nethods 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 pul se can represent an additional
two binary bits of data. sequential groups of four pulse positions
as necessamyd@hﬁtb@nuglééhPGSr eppésl@@t convgad e ld Al s reeebht @tni ng many
i ts of | ThaURLL98n ABpRPVLIBAWLALI0R Ins Ad BTGP 841 Pl TRENed [ of
RFID tags ase devi ces, because (1) a single pul se can e readily
created andnp<pogeamdebyamp$ﬂvwlaéﬂlle§cwxerm @caingirﬁ thel SAWsubsedate, (2)

t he variou e, t 1 iLan t relate ment
of poss%bl%rgﬁéﬁﬁg ?g?P gﬁgg ?gf g&ﬁt r%?”% ‘%lt§£?%ﬁ€'e§tg$gthan
the nunbetimé pbgmaﬁopubﬁeshéwhsahgﬂed@md$duqydnnaypreﬁeﬁemminedndpéd) t he
nunber of fN%reflectors i ns cons r aII ossi ble ta
identifica o) a h

¢ T oh*Ma rrB%Fé’eE ch*PES0 & Y 9w 05 %%mm

uni f or m pug segasppul Bees 1h0éu2)@ea_{ﬁhyénﬁ:ag1|rr@el%bafri§aiﬁé3rélmi'm\ﬁl/}erusé@etbse of
PPM for SAW RFID tags also has Iimtations. These Ilnltatlons i nclude: (1)
PPM dat a d%ﬁ%???lFslPSRF@ﬁﬁFEH Fﬁcﬁé§§éﬁqﬂﬁﬁa%ﬁﬁﬂ§%ﬂﬁﬁ Wost); (2) the low

data defsity cofbiAgHgWhblh PhagtictRlE amexinmwdtHARs fiy aS‘?\\/e\!)@é}hg);)Bﬁecéﬁat es an
upper limt on the 25 nunber of bits for practical tags;

mul ti - bouné&gitel | BBV shewhegwEer Tt pesi&dionss afefd dcies sspan aé PPM SAW t ag
create unvapied,pulsRs hARh G8ANENLENLRMR iWHN IBhEr PALlShis case, the

sample to be transmitted is digital and has one of four

results in the denodul ati on of conventional PPM It is readil E?6¢ nt to
Qg

possible values. Shown are the four possible waveforms

15 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

20 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

25 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



19 June 2006 WD 03/052682 PCT/ U502/ 36870 -21 of the PPM pulse train. The
present invention overconmes these and other problens. For cl &9 Jdnecd0bon

pur posesywfsydiséss! nafter used the term"slot" (shown in R&BEFIsshefers to
certain spatial 5 locations on a substrate 315 where a suitably placed

reflector 320 will interact in a predeterm ned manner with a SAW gener at ed
by the transducer 315. Each slot is a location where a reflector 320 nay be
pl aced as part of encoding sonme data elenent. Usually, each slot has a 10
uni que SAW propagation delay wth respect the transducer 315. Slots are
often be described as "tine slots" sinceza- one-to-one correspondence exists
between the spatial position and tinme position using a predeterm ned set of

rul es. Wen ardiefdeet 8ki 315 iis ghacedlbtantspeti filgas! ehe Hemdduul $€ioh
refl ected SAWenergy is created when the entire device is subjected to a
readi ng si gRHCCSRS uBEGthePRi FYRGHEOR B9 " ol PBRovl | # FFERET3)CF s

used to designatfo/ PaFlbsUWhatneakl fReblkaniaf t3ots-tt hat are treated
together in“encoding and decodi ng data el enents by neans of 20 selective

pl acement of one WBte fsrur msteEdlr PEHP DPS e Wt DIV Hato WimATSe t he
group. In FRGRE & Jmn is d%hb%%qq%%@%o% r&f”f?&i?t gﬂg 2 pHdR 4 &ngth
y  of fn‘he p e se R gPoup 'S

that is centered on an 0SS positron
repr esent ed dpcupical |Imeta osimdl @5patisaceat séptresehie aexanplie iicmadl GURE 4,

shous one Shaupi 0, oW 212l es (UL AoR)3Snl oy I e gt acbidz |1
can exist (48l esoXidishat e Xdcabahey ¥ard Béaueed 2b6rspakesht Wi S
Correspondséééfﬁégﬂdggéswgéd containing many bits of information.

10 PPM 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



30 data (or four tines nore data than a single group). These _ 256 ztg es
(eight bits of data) occupy a total of 16 slots. |If these 161%]use U086 ¢

conbi ned i Single group and conventional PPM nethodpi-§13$46378N€
woul d ocghg§ﬁ%ﬁg§19 June 2006 WD 03/ 052682 PCT/ US02/ 36870 -gé o?gt%

sl ots.

separ at

e 16

pul se

The available 16 states (four bits of data) is significantly smaller
than the 256 states that would result fromusing the sane 16 slots in

e

groups with four slots each. 5 If conventi onal

f our

PPM concepts are

set aside and nultiple pulses are allowed in a single group the nunber of
states is significantly increased. For _gxanple, if four pulses are al
in a group of -16 slots, 1,820 states exist which is significantly nore than

the 256 stapes:1Q @ﬁ&lﬁgig by, 4S$hNg the MOrEsLo0VentLARabnPBMeG e dnilf
our slots ( |c%

gr oups

of

woul d occupy the same 16 slots). Further,

ei ght pul seshape asddoitherherpid@ymsof 16 slots, 12,870 states are
avai |l abl e, which_i vien, bi ' ment.. . i i
pul ses in a grougo%f%ggsfgﬂ%E%ggggr%hg$%%§§d,Q%S}%%ﬁ§§¥§?%%§aggggogg} I

whi ch
bits of
pul ses

mul tiple pul

owed

i f

ne
€,

corr espandslba noishdWwranil FIEIRE Df dafarécooparedata tHpat ielght

ata_if _conventional PPMwas us in the sane spacge). ce
are gPFaﬁéan?n ﬁnsiﬁmﬂ%gqﬁ%ﬁﬁ}e i59520WP§rﬁotapF%63Fﬁﬁé’d@ @FF%%
nodul ation fefmattas BEM wAllneheesdictabheangiedteeriingdnawnmeihed dis

tiple
t he

(MPGKX), where keying is the equival ent of

se er group keyin
nDduIation.awﬁﬁﬁpﬁﬁ§“%ﬁﬁg?ﬁl¥Wh%ﬂ§%tE?aﬂﬁﬁyF?ﬁcFﬁH%s: EFrboatkati &/i iy a
data streamb@abeon2yHd@Nssl bhedebbbe QAN® QfiajDhe $ARRIAY exsapRke Wi ues;

(2)

10

15

20

25

30

encoding some data element. Usually, each slot has a
unique SAW propagation delay with respect the transducer
315. Slots are often be described as “time slots” since a
one-to-one correspondence exists between the spatial
position and time position using a predetermined set of
rules. When a reflector 315 is placed in a specific slot,
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
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
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
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



using nore than one (i.e., nultiple) pulses to transmt a given sanple
value; (3) transmtting the nore than one pulses in a span dP Juher@0Gthat is

di vided nto 1] slots which are nominally but not nece i jacent;
(4) the‘géoggf*g%tion of the time slots conprising the spgﬁ?g?b¥?§gb

constitute a group of slots and (5) distributing the nultiple pul ses anong
the group of slots in a predetermined manner to represent the information
contained in the 19 June 2006 WD 03/052682 PCT/ US02/ 36870 -23 separate
sanpl e value by a data mapping function and/or table. Goups can vary in
the nunber of slots and/or in the nunbgy_of occupied slots. Al slots do
not have to be identical (unequal slot w dths, pulse anplitudes, etc., are

5 al loved) jporiglo skots fave t%ﬁ@e%%%ﬂra'ﬂlye bes adj geent (tfgmrogkgiégogfer' A
singl e group can be defined such that it only has a fixed nunber o

occupi ed sldaits)- D8, signtidrimantndgl ysmalleighthaal | ohe f @66a staabe mgthartber of
occupied slots.., A sithe dat a nessqgg could 'gclyd nDreflo t han one type of
group. (for “GHith RS o Hedd™ HEHS Beore™s ybe Bf hPou, COHE SEPAAP tal & a
second typen@fup¥ aHith afshir agl 6t s0eadrt ection/ correction word m ght be of a
third type). Al_of these variagnts find particular utility in_. SAWRFID

t ags. Sé%h vari drft s @Rt IR hi PP e SUOPRPBE  35°t hFsti n#&8hEfon 2 Fur ni ng

now to Fl GiRE t3pid Idistded ed-d sianwaan® @ efi ngare puedicrmenhurbeihe £
i nvention show ng pul se positions for a conventional four state digital
PPM |n it$tsitgs es3 sigplédeanadivorinage@ sRstiul afodn STEHOE covEr E8UBY t he

ﬁgMpr$ﬁZ”2P§%%@ | O USES el N eapkn&%%ﬁpp%f 91 gUR ctIdT | BTgd® sEQRUENt i onal
nple in FIGURE 5 I's a cofpac
exist which is significantly more than the 256 states
10 available by using the more conventional PPM of four groups
of four slots (which would occupy the same 16 glots).
Further, if eight pulses are used in the group of 16 slots,
12,870 states are available, which 1is 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 was 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 value; (3) transmitting the more than one
pulses in a span of time that is 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



representation of the all owable pulse positions in a group wth four slots
with Tmin being the tinme separation between the allowabl e pul%hing@gRo

position - PM only one of 25 these pulses is transm LR Jhis group
and if tﬁg)mﬁgg%gulation sanpling is done at the aIIomablgkgggwbﬂgggitions,

three of the sanples will be essentially zero and the correct sanple wll
have anplitude of unity. If sanpling during denodul ation is not properly
synchroni zed 30 to the peak positions, the anplitude for the "correct

pul se” location will start decreasing while the anplitude at a neighboring
| ocation wi |l becone |arger than zero. _;However, the signal can still be
correctly denodulated. If 19 June 2006 WD 03/052682 PCT/ US02136870 -24

noi se is al saopresentsidphidevsyghen, theaathe nynball | Ftdcr @bni nGRIAoct
denodul atio% \?\n lrrl besi'ndét?eas\efd due tyo thig timng error.cHovaéver, /irf t he
timng errotabsesnmaldroupre caegvaddt ion the muygibey bbE. skatpr endi/gire,inf the
signal to 5 i I Qel f.i_ci ent smghl,, _t signal .c tiJl .be
successf ul |§/ﬂ§ean§‘&fd%t §(§ %sC%F‘ r%g(aagafjh}éé"t irr%l%g Sel:a)(ratosr dl%s?1(1t:e§‘lsrgjll‘]'tS egr? 1}% n/ 2.
The abilityidaentesaful(lyetioadi slohguidtbhdetpekese taupl Posded) etpos) tdmns of a

singl e pul se,even en_the pulses .10 are partially, overl apped can he used
to incregsea%ﬁ8wagygnﬁghé§?ysg?t%hgagﬁpéﬁs@9ﬁe%ﬁi§%ﬂyf%engggacFEFi%O
sensitivityondhasiotherease i pifdgla gepapt yains RChiefetedysubBVihgtt ha

al l owabl e pul se pasitions closer together in a manner that the skirt of one
al | onabl e pali$¥ pd@fiof 15L6%8R apiIRF pe&fs oPCEHRIREI gty A se

positions. aJWEBhRg;RaWy L0 H G, hhhugt raied d svapyenamhenobr &%
enbodi ment of the present invention with all owabl e pul Se

occupied slots. A single data message could include more
10 than one type of 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 positions 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 1s transmitted in this group and if the
demodulation sampling i1s 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 deliberately structured to have significantly overl apping spacing
that is smaller than Tnin. The 20 al |l owabl e pul se spaci ng hasl® @uced
to one URidysRSessonpared to the five units shown in Fl GURpcG/udodskips case,
the slot width is equal to Tmin/5 and thus potentially represents a
five-fold increase in the nunber of states. This nethod for increasing data
density is 25 rarely used because of the obvious reduction in the detection
margi n for distinguishing neighboring pulse positions. Turning to FI GURE 7,
illustrated are the details of one enbodi nent of pulses with a five-fold
increase in the 30 nunber of states thgis-has a limted detection margin. To
denodul ate a signal with the strongly overlapping pul ses shown in FlI GURE 7,

it would bendipgessar¥1te praRietit! hith H1eced¥eeed] goRknathkhe Reakh110cEyi ons
of all possible pulse 19 June_2006 WO 03/052682 PCT/ US02/ 36570 -25 positions
(i.e., at PF LRFegErctodfToReldhieRe WAddi Ztht aRCTgRFed HUs GURE A1 %s i s

evi dent from i BIRE Loramplitider discrifa nalhehgi srpakt keulsahy pogie Wi th
respect to the 7adjacent pulse positions, but this discrimnation increases
5 for the riteqradyatent ipunsgliphblehi r dnaprasedtlgul s& térec sigmwel present

i nventi Vi des n : i or crjhe r-ei The
allomabﬁg g&%gggeﬁ?%géngai$¥gglggg§£?ka§%gégh gﬁ%s%i ogﬁbneglﬁggﬁgfdg?ferent
time positswmcdrdfalty aeradidcgHthses sflepgbet sveeheedtimiaty aeembrl0i pul se.
For exarrplﬁli i f qhghaie.stgp of 90 is added between each adjacent pul se,
then the putSE StP22=T81F{Fre equals zero) will have 0, the pulse at t = 1

wi Il have 900, the pulisetgt ducc@safhlipave BGt ird@ijuh SBedivebn= two
possible positions of a single pulse even when the pulses
10 are partially 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 empodiment of the present invention with allowable pulse
positions deliberately structured to have significantly
overlapping spacing that i1is 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 is 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 used 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



3 wll have 270, the pulse at t = 1 wll have 360, etc. 15 As will be
denonstrated bel ow, the conbination of sinultaneous phase and9 fineg209Ri ft ed

nDduIatign)&ﬂﬁm8§ubstantiaIIy i nprove the discrimnation ?%ﬁﬁﬁ%ﬂwaw
SOt urER® g

nei ghboring S even if the slot spacing is smaller than

Turning now to FIGUREs 8A and BB, illustrated are the real and inmaginary
parts of overl apping pulses with an added phase shift of +90. Because phase
multiples of 90 are used in the illustrated enbodi nent, the odd nunbered

pul ses (1, 3, 5, etc.) have real parts equal to zero and 25 the even
nunbered pul ses have inmaginary parts egyal to zero. To denodul ate the
signal in FIGURE 8, it would be necessary to sanple the real part of the

received si t nstbf‘\ Qeakail Qacleﬁi[ '191%% T iog‘]’g:lt]i’on?s ot .%h)eaﬁ vell, 1

shifting 30 the phase of the sanpling signal” fromone tine slof to the next
such that iaxiwuln BUEEREW ! h the &xpetciednphiisemoF IGURBuUlseanp liittwstwoul d
occur at tht slotilocations. 19 gune 2@96 ¥F&Q3/P§§6§2 PCE@U%QZ/%%@?O - 26
I n general, Sﬁfﬂgi?%ﬁb%noﬁspﬂa§5 ﬁﬁ%%%% ¥aR°hé Jbed, ﬁgﬁf of Wi chcan

gi ve equal #djdeddepyledd gomincesridamut khs spat ktetindha®d censacreeseaxanpl e,
a stepping angle could vary around thet%% vggue by .nore tggq 20 wi thout 5

any si gni f i cQntt e atdBIR GG R lStse s gpdrgerneulse TRby 5.

Turning nowgo HERED, inhlusliical edrbgiagsenbodi ienhowd] t Rgalinwenidon
where a phase increnment other than 90 is used with substantially inproved
di scri nmi natformdlet weendereribedorhereint at eTAAd ahkowRP §RbAYRESt &% where

the modified such that each pulse not only has a different time

position but also an added phase step between each adjacent

10 pulse. For example, 1if a phase step of +90° 1is 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 pulse at t =
3 will have 1270°, the pulse at t = 1 will have +360°, etc.

15 As will be demonstrated below, the combination of
simultaneous phase and time shifted modulation 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
zero.

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.



al l owabl e pul se spacings are Tmn/5 and a 78.5 phase difference between
adj acent allowed states is used. In FIGJRE 9 a phase i ncr endftyune B0 t han
90 was oho9swsdser illustrate the substantially inproved dpSTMSHY/BESTOoON 15
bet ween the correct state and the neighboring states for a wde variety of
phase angles. Even nore inportant, FIGURE 9 illustrates a dramatic

i nprovenent as conpared to the identical allowed pul se spaci ng w t hout
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 inprovenent
in the nunber of states as conpared to-2&e nore conventional PPMw th

al |l owabl e pul se spacing of Tmn. But, wthout the phase shifts (FlI GURE 7)

t he detection mMmigaiewrEl gia W‘Bd@ni:ayn@e%ﬂ phase, amylést benphasesed fts 25
(FI GQUREs B&9) the_de ecbyon nar into jacené ﬁ at es | now 0. 8 mhich is
very sim | 5F%o The" Gy ed Vﬁnﬁq WhPThtfas Px Qﬂﬁq%ﬁ

approachi ngnim tyart Nctilgrenbodicaeat, ofrdhespagpeat lan\/@féppfhglﬂ lawgureat ed
in FI GURE 9, puI se nodul ati on can be characterized b si mul t aneousl y

shifting beOMlthe/Phasaranadt ke iSRS Vedaei &Y JIO%e ptiPaR ddfnuni EROUSN

signal i5n @ kneuBTEINGHe 4 xsad%lﬁ)ﬂ&ﬂ et pal lcés@eobegﬁsf;OééBaQQE'l%ﬁ%t ed as
si mul t aneous “phaSe and ti rre ift keying (PTSK) where 19 June 2006

031052682 oZ7 TP@TI/EFS02136870 keyl ng | S the eqU| val ent of nodul ati on. V\hl | e
(e, o ecusstongigesl s by, £9elged v aIst vuo0acRd MEaiERay
W | | under sifandhet haivemimazmwblmem 5asp]aasaglntremeherothert itierore Phase
SHEEES (Oru%%%h%ikﬁ substantially improved discrimination between the
10 correct state and the neighboring states whexre 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 Dbetween 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

simultaneous phase and time shift keying (PTSK) where



within the scope of the present invention. In this enbodi nent

a data stream

to be transmtted: (1) is partitioning into one or nore sepayhh@egg | e
val ues; g@?ﬁ};z(%sgast one pulse is used to transmt a givepckyspanpds val ue;
4 :

(3) the east one pulse is transmtted in a span of tine

that is divided

into tine slots that are nomnally, but not necessarily, adjacent; (4) the
collection of time slots conprising the span of tine constitutes a group of
slots; (5) each slot has a unique 15 phase shift and a unique tinme |ocation
and (6) the at least one pulse is contained within the group of slots in a

predeterm ned manner to represent the iniprmation contai ned
sanpl e value. Goups can vary in the nunber of slots and/or

in the separate
in the nunber

of occupi ed wdpisgantds 20c8éi | égheval éht n she ss@peaviohhe prwkent i mnention.
Also, a siqg{e group can be defined such that it only has a fixed  nunber

of occupi ed
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occupi ed sl aii$; £ Ak SOhq ausi AGhRLy SiAdEesage shykdd nelhude mers -hhan 9ne
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values; (2) at least one pulse is used to transmit a given

10 sample value; (3) the at least 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 group but Tm n separated the pulse positions. Simlarly, in the earlier
illustrations of PTSK only one pulse per group (like convent il@dahe B was

used, buiyddxrsxsal | owabl e pul se separations were significaithysemkier than
Tm n. Conbining the two type requires attention to certain subtle details.

In the MPGK case, two adjacent slots can both be occupi ed because, as
descri bed above, the skirt of one pulse does not overlap the peak of any
nei ghbori ng 10 pul ses (the sane as for conventional PPM as shown in Fl GURE
5) . However, if two adjacent or closely neighboring slots were allowed to
be si mul taneously occupi ed when using -ggrongly overlapping pulses (as in
FIGURE 7), the potential for strong inter-synbol interference would exi st

bet ween 15 quitsesr altl ¢ovtdriessl bri mpeknmpat ttipt al poaresl haticomsd®tivgen the
two where a significant phase shift between pulses is_present (e.g.
FI GURES 8 &MF 9)IrTHPs pittent TAIR | AeBpFeFefAce it Belafdr #98dd i9R% he MPCK

modul ation gyRinogh {s ta hgsuceessdul by)garbbpednw tE tigspTskigetdipd. 20 A
primary method for solving the interference problem is to inposé a m ninmum
pul se spacipil a1l rexhgnoudi g iMeGeoraesiig asa’h BFPOK waReugeder &Uty tsef ul
rule isgh i t I %§£! s - j gpaati ons
t hat ar eé sia%ln%%gln?l@ﬁs%ﬁo r tfcajg m%nﬁ%gélg%ggé%@%&v%@%%rm alﬁy t wo
actual pul sEsin nclQookddinimg hdte ianceftorma reusti ralsway s drenieora o memira gpaci ng
equal or great than_.Jmn. _Turning . tq FI GURE 10, illustrated i s an

enbodi nent so‘f%t%;\e SrALntpul & 53’50?’%:3? fFS hatvl ?gq\gcﬁgi‘a‘nﬁqﬁﬁé( “ibng 30
with PTSKd Hdg:ﬁ hi;lé SxauPpl €d Eié@aﬂsé$eaisndél§@|r%éﬁ1;] abbivies S:eliee@t}ﬁd:ti cbipcgug
at t=0 and, t m njmum pul se spacing . rule, the _next pul se_ is exclude
from posi ti‘?ﬂ% Puisf, C52?e~'"“’3“€r*‘rd WERMAP| S8 IRvEH P RRr PELFRRORIRShs t =

5 6, %o pulses (the same as for conventional PPM as shown in FIGURE
5). However, if two adjacent or closely neighboring slots
were allowed to be simultaneously occupied when wusing
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 minimum pulse spacing rule when using MPGK
along with PTSK. One generally useful rule is 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,



19 June 2006 WD 031052682 PCT/ US02/ 36870 -29 etc. (Note: the PTSK phase
shifts between pulse slots are onitted for clarity in this FIGURE 2006) Note

that at | 1..fQur pul se slots had to be skipped between Loyl ses
wher e vaﬁé‘lﬁ%/o:ezéél}al to five slots. In a nore general case,ﬁ?/lﬁ@zzﬂgfbgt wi dt h

equals Tmn/N then a skip factor can be defined that will equal N 1. Larger
skip factors can be wused and could be beneficial in certain cases (for
exanple in operating environnments with strong outside interference).
Somewhat smaller skip factors could also be 10 beneficial in other cases but
it appears that assuring a mninmmspaegigng rule equal to Tmn wll likely
be the best <choice in nost circunstances. Another nethod for solving the

potential ipLerfegs S ttﬁfeﬁ/ggg gtrbég@ Q@ié‘@ﬁ%e%@%ﬁ BeiRG QAaci ed-ahen

PTSK is 15 conbine . ased on the orthogonality between
adj acent sl omstthdt fari sésrityt he phaseFEBVRE bet hedfrlse dikat jat deeqsee t he

exanpl e gi ven ear) her | N R h I.S..suf.fii ci I e to
901, then aﬁﬁﬁﬁséhlh%e ggff’%%{gﬁ gFoFersFﬁgﬁgf% %%?g}refseenr Legev%et teeg%t uefr: % t he
two 20 adj aeRatestiatia. iknetthas ctaskival $lods. nuhes etbrsd atenearrael dada) |y

dependent of ALy Yo, RUID g chepuene o APl seacan. oLl Lo
these nei ghheesnks tEla@safitihasydal m-10 t hiss-fpecsialp " esthegenadameass est 25
nei ghbor"™ case, a useful nmethod faor analyzing the options is to divide the
slots into v@edi Aner caAEdPSUBEERSEFd ALl 1naR@TOR1TIR@SES f(hRscysiiBlet he
Tm n mni nugrhspaqgégrgyi@g i lystinatiibddy FI GREL1O i scsepgrately-applied to
each sub- gggggfference). Somewhat smaller skip factors could also be
10 beneficial in other cases 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). 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. 1In this case, all odd numbered slots are
totally independent of all even numbered slots. However,
a pulse can still interfere with its 2™, 4%, &, etc.
nearest neighbors if the spacing of these neighbors is
closer than Tmin. 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 1is generally characterized by a

significant overlap between the pulses in neighboring



30 This enbodi ment of the invention of using PTSK conbined with MPXK is
general ly characterized by a significant overlap between thelpilne@906n

nei ghbor,j ne 2006 WO 03/052682 PCT/ US02/ 36870 -30 i ants of
this enﬂgggﬁéﬁ?ggan be derived fromthe earlier descriptrgﬁgké%ggﬁgK and

MPCGK. However, any conbi nati on of PTSK and MPG&K should consider the need
for providing a neans to avoid the 5 potential inter-synbol interference
effects that may ari se when using pul ses that have significant overlap with
nei ghboring slots. Since this nethod conbines the characteristics of two
enbodi ments previously described in cafyappropriately be called MPG PTSK
(i.e., conbined nulti 10 pul se groups wth sinmultaneous phase and tinme shift

<eying) . Te1thase el Adihaty SKlid bk PeL BENLelled brdi® i dont
that a w de ' range of other conbinations of phase  shifts and m ni mum spaci ng
rul es are watdliirert hiesart gridiednd 50§ cBpeKoanthMP@Kesent i nventi on. For

exanple, it is ossible to_all ow,one or nor swth rations, of

| ess than Tmin. ILﬁoor’f"egve raf¥a 98F\béf’?t&fmop?i§m%$ onaspé\r E’ﬁ’%g@ﬁ?‘&u@%si ng
conbi nati orsnefiddie vakl ahked ofof lprdvEst nghiaf t mbehveeto adjvacent t3leot s;
(2) integer or non-integer 20 divisions_of Tmn fgr defiging slot tine
spaci ng?® (BPtentisst tteh terket IRYGHICTRRes fhfeRtAaylebeRa¥r 624 Sthe

slots of augeRuPyLstidy UpulGeRUMRELLSYRLEBE £9gneenbhnat i gheriab nuaker
systens) other than Binary (since the nunber of states per group are not

necessari | pedgidionigngpowetetaf 25 Bidre, (EE)isusiteRfRPdappPHIRASWHCER t he
number of ‘cfata o AAS cd ot 8% IIRbANReA 0L abr &1 QYaPL eagkaL Bl 1gNe
can appropriately be called MPG/PTSK (i.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 1is
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 wvariables 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  handling 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



group for purposes of handling exceptions, error detection/correction,
i nproved imMmunity to transmission inpairnents, etc.; and (6)19fuer2006ssi bl e

variatio C 30 as pul se anplitude. Turning now to FI

illust ra%dﬁs"?{’s?glﬁént able show ng the 286 possible states t?gﬁﬁjesiz%’g?m\?\hen
three reflectors are used in a group of 21 Slots having a skip 19 June 2006
WO 03/ 052682 PCT/ US02/ 36870 -31 factor of four. This is an exanple of a
single group where a SAWRFID tag has three reflectors per group, with 21
slots per group, a skip factor of four, and a phase increnent between

adj acent slots ranging from75 to 105. _3;The phase increment between

adj acent slots is in the sane range as was described earlier in conjunction

wth Fi GJRE?ac«f?o?“ f9fo&PFer%ﬁ{]sgrEPse Detd el ghbor; ngHpul %%ﬁpd%e _the
five-fold overlap between nel ghboring pul'ses is avoi de b)? ustng a skip
factor of fausAw (REXD evbdertad hahr286 rHI lstctces aper suyifaug ,emvith eicode

the 256 states that correspond to 8 bits of data. _This particular variant
has a grouptSF3e Rfat Q’irémigpré‘xiﬁ]éf‘gl BT arfer TPHAY t%‘g FokPERS onal

PPM et hod {héssheat edet BeEhGEREadenbuklbts aehigevigs febghtsdata hiots whi ch
is four tinmes greater than 15 the two bits of the exanple illustrated in
FIGURE 42 Theebhase inciemcsfedssiHR RILGHh DHPYS t hF eéSANE SéfMCect or s

i nstead of E%@ yhi ghsvaukdrbgeneguir-iedrf oh c8hglihcdaba Wits Wirldhres
conventi onal M Turning nowto FIGURE 12, illuStrated are tables 20

showi ng t wo8 sabdgPoupsl wife sfaxesce r AT ¥eSAWRRIgD Gy nd tPil3o%r duef Itect or s
\5’“?[ hg(rj?\lj!o’si %tge isénz?%eg- PS] 3 BOUP) 2 VAR n TSI RPN AGIAG6R5 lpts 90

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 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 possible reflected pulses

from odd numbered slots.) 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.



two interleaved sub-groups of ten slots each. The two sub- groups are
designated as | and Q for sub-groups based on 25 either in-ph&$éumer2006

quadr at u%?ﬂh&rz&z Further within each | or Q sub-group thgfi§iMegrpul se
spacing is ree (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
possi bl e reflected pulses in even nunbered slots are 30 180 degrees out of
phase with the possible reflected pulses fromodd nunbered slots.) Wen the
| and Q sub-groups are considered together, a total of 256 conbinations are
possi bl e which is sufficient to encode &-inary data bits. 19 June 2006 WO
03/ 052682 PCT/ US02/ 36870 -32 Turning back to FIGURE 3, a unique return

signal is general,gdiby locati pg FeuRel 136CtOren3gleortersWipe£1398 in a
group 340 of slots 330 Tarranged by both pul se position and phase position.
The nunber @8fneratsed3By locadpaademe sedhecherenda@i ag shst swirbaersg30G%ed. In

the illustrate di pgn I fFature to
correspond ?% g %§8§§6?H§ é&?%%§§§a§§€ %égagﬁééggfg?%ggqgﬁﬁﬁi§&§$ g é W
return si gnahd Pheski rsisioiwn sl oThe380mbér plie sfliotst 3grlouips 3Apandent
designated b nbering while in 10 the _second.,group 340 each, sl ot i's
| abel ed &Atﬁxipgmarggﬁggﬁpﬁk %%%%%mpéﬁ?f¥%wﬁsﬁ%‘otﬁg% gnﬁodfg%ﬁ gr ?%aerent
phase posit enbsdimynie udests vid Cchatéef deraengefhasie phpeei tguadratowtd cequire
slots 330 to be arragged accordi_ngl O course a&g nunber of phas

it

y.
positions afBT¥SSRAPCntbe? f SPérs B3tRare’weld Wi thih £RE Pnfé%d§a9scope
of the presgAbskny¥enki ehw Astshat ad above, @ack sigt B30 is1wsated at a

et e N Py e P o 280 e APnatSd by Aumberi%g while in
10 the second group 340 each slot 330 is labeled with its
respective phase position. In other embodiments different
phase positions may Dbe wused, which different phase
positions would require slbts 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 is 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 Dbetween 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
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showi ng th
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nventlcg»ed Turnlg% now to FIGURE 13, illustrated is a table
€ s% ates  for

5

W'RFI D tag with 10 slots, two reflectors and 36

possi bl e placenenmsnlﬁglsuhabhe mESGUREk@HSfrmﬁﬂas$mtuﬁiiOmsmherEahﬂ@ SAW

RFI D tag_had four er rs per _gro I ts pe ro nd a

factor of % %%p%n %32@% H@Pé $£%e§ge§ 3@]3@&%? %$ Obfr1 6fus or
m nus 90, vntf@fﬁeétt@rgreMIgsdl jfeihblidt p1hwemehRiser | eaned b oups each
of which has two reflectors his exanple is quite simlar to the previ ous

exanple in

tafpehiremy ai §tltﬁett1|@ﬁlasvé7%t%t BBearti Wi BFdRd as drado fau:

groups of telrHlotsreashr EAGNPSUBDIERHRCRBPErbBALEE @Sskip factor

10

15

20

25

30

of three and a phase increment between adjacent slots of
plus or minus 90°, where the group is divided 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
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
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
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
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 unique number, which allows SAW



15 having a skip factor of one. The table gives the states corresponding to
one such sub-group. The only difference between this exanpl el@duane2096

previousyy, Sxugghe is that the two in-phase reflectors (Hcifysda)segan be of
ei ther the sanme sign or of opposite signs. The major advantage of this 20

exanple 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
exanpl e. The di sadvantages of this exanple are possibly worse spurious
reflections than the previous exanple, and the possibly enhanced
sensitivity 25 to pulse snearing effecis,_ The present invention therefore
i ntroduces the broad concept of enploying both phase and pul se position
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gl obal obj echttraski ng systen15 possi bl e, particularly when harnessed with
the power of the Internet. The |arge data caﬁaC|t of SAW.i dentification
tags 300 pernmit3hej hasHe éﬁﬁédFﬁﬁﬁFléV PReSAHVEReBAL L@ataohot BES dRLoded

thereon withorRspPEct P SReaTHRRIARMO0LECE 10 TSy idn SARMEdentd fhgat i on
tag 300 can be advantageously
encoded thereon with respect to an associated object.

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



affixed to nearly any object, which nay be a nmachine part, a ackage,
supply item animal, or other itemand the information can bé”ds 6

identify“ﬁpey¢ﬁa§sify the object. 15 In yet another enbodigid,.8§s7he
present invention, the nunmber includes an error detection portion. The

error detection portion may further be capable of error correction to at

| east sonme extent. OF course, error detection or correction is not required
in the broad scope 20 of the present invention. Turning nowto Fl GURE 14,
illustrated is a block diagramof a method 1400 of operating a SAW
identification tag. The nethod commences. wth a start step 1410. The

nmet hod 1400 provides for exciting a SAWtransducer |ocated 25 on a

pi ezoel ectrpggsubshiatethoLiepla ReAWilth ah @ tdtp 1IRP, 148h0ehdn a
causi ng step %430, the SAWIs caused to reflect fromreflectors distributed

among a groapbofligkests o a pridied epfi apErAhhAer ai BAMC doladdnde adttiprn he
broad conc e i h,_ph i £i - tion
and/ or the ggé %%eng?%?%ngpgﬁéebgoﬁﬁgna.|%#Eﬂ§%'pgﬁg%é%ﬂﬁggﬁgggﬂ%gngonto

the tag. | nthedemndiudwst | agbstiépent44QE raf Bast edisporif omst Ddnt hagSANEr e
decoded to yield a, nunber or her data encoded.onto_the SAW.identification
1o June S00ECHER0FPEMEr S Rt LS HaH ) OS5 155 B9natneen s B Iites w ¢ h
an end stepot4%9didemMsr adki ENhodi rhet Heaft imarrt hotk of oopeatrishanal SAW

identification tageare provi ded for by the invention. The descriptions of
the vari ousPERBbAFReRtd S SARGHEMT S cation tag set 5 forth above are

sufficiently deteaihked$0 Aswt x&nahlgrane;sof ordidseratski kls 14 tHheck
pertinent art to understand and

diagram of a method 1500 of manufacturing a SAW

10 identification 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. In one

embodiment of the method 1500, the transducer is configured

to produce a SAW having a frequency of between two and

15 three gigahert=. 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



practice all such enbodi ments. Turning now to FIGURE 15, illustrated is a
bl ock diagram of a nethod 1500 of manufacturing a SAW 10 i dEhiunei288€i on

tag. ThewriReks2500 commences with a start step 1510. | n prTyusmsdsmer
formng step 1520, a SAW transducer is forned on a piezoelectric substrate.

In one enbodi nent of the nethod 1500, the transducer is configured to
produce a SAW having a frequency of between two and 15 three gigahertz. In a
reflector formng step 1530, reflectors are fornmed with predeterm ned
spatial positions, phase positions, and reflection anplitudes to constitute
slots arranged into at | east one group-gfs-slots plus other reflectors which
may be desired such as framng reflectors. 20 In a reflector encodi ng step

1540, a partheulngtised oft neblsect ebsrt hptowgss r esrongrboigeeodeddt aghdat a
are formed such that only the needed reflectors  are present on the surface
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in order, these steps can alsgo one in any other order; or in a parallel
combi nat i onts cat coersit renthitaislene. f Ay istatlilomnrtdess s ifiaRt . efleder in
a subtragti : hi. ng r..additi : L : n one
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o scont o\ ghog, UG ELLESST 4 QURITELE olsses Lo AToLen, SThedampt o
groups are pdenttédcandonhetagncodedhaunidarta s iat leashed? kinfsodOfgnt I n yet
anot her includes an error detection portion. In another embodiment
10 the data includes general alpha-numeric information
consisting of alphabetic portions and/or numeric portions.

In one embodiment of the method 1500, the reflector
forming step 1520 is carried out such that groups are
separated by dead spaces. Framing reflectors can also be

15 formed at this step. After all reqguired 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 wvarious 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 wuse 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



enbodi ment, twelve groups are provided for and the nunber is at |east 96
bits long. In still another enbodinent, the 5 encoded data isl9dpid06o the
SAWidentification tag while vyet another enbodi nent provides for the data
to contain data pertaining to an object associated with the SAW
identification tag. The data in another enbodi nent includes an error
detection portion. In another enbodinen% 0 the data includes general

al pha-nuneric information consisting of” ‘al phabetic portions and/or nuneric

portions. rkfileaecesbadymert ofrdriedeimhabriiatist ide weth eadbpe €haAI BgeSt ep
1520 is carried out such tha roups .are. separated QX dead sg ces. Fram ng
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and varying overlap of strips; (8) the SAW transducer can
also provide functions such as band shaping, phase

15 compensation and other filter functions; and (9) as 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

20 connection with fields other than SAW identification tags
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

25 SAW technology and for purposes other than identifications

tags.



-37- reflectors may be arranged in conjunction with nore than one SAW
transducer such that the:device input may be either totally & Jywrd00al |y
separated fromthe devi ce output 5 between the nore than one SAW
transducers; (6) instead of wusing encoded reflectors in the SAWdevi ce,
sone or all of the encoding may be acconplished using well known SAW
transducer filter inplenentations of specified inpulse responses; (7) the
reflective taps and/or transducer taps 10 that are used to encode the data
can used a variety of known nethods fo38wei ghting the desired anplitude
based on wwdth of strips, thickness (or depth) of strips, nunber of strips,
and varyi ng over WHATOL Ss CLATMED &S:t he SAWtransducer can al so provide
functions such as band shapi ng, phase 15 conpensation and other filter
functions; and (9) as well as any of a nunber of elenents of SAW

t echnol ogy. The broadackagseseotcanditliatl wermaishods idrearitedt hef eidy are
descri bed |n connection with SAWidentification Such nodul ati on

net hods can(aP8¢ BE tised PHQZ?%%ﬁﬁﬁﬁﬁqcﬁP?ﬁ?ﬁaFFelggiﬁtﬁ%ﬁv%%%nasﬁﬁwq

identifigatipankadeersysh s3s .1 Maltheulr Hdradmt i Pmpkddidgentification tags
based on technol ogi es other than SAMVtechnoIogy, (2) SAW devices for

pur poses ot her tﬁaﬁ!liod@ntﬁ‘i%at@ﬁnstlégé‘; (@3@)( Bruznged bhebesdulrutlsm
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10 Dboth pulse position and phase position.

2. The SAW identification tag (300)as recited in
Claim 1 wherein said reflectors (320) are arranged wherein
said phase position is in quadrature.
15
3. The SAW identification tag (300) as recited in
Claim 1 further comprising a framing reflector (350)located

between said SAW transducer (315) and said group (340).

20 4. The SAW identification tag (300) as recited in
Claim 1 further comprising a plurality of said groups(340)

separated by dead spaces.

5. The SAW identification tag (300) as recited in

25 Claim 1 wherein said number is at least 8 bits long.

6. The SAW identification tag (300) as recited in
Claim 4 wherein said plurality of groups (340) is at least
four and said number is at least 32 bits long.

30



a group (340) of slots (330) arranged by both pulse position and phase
position on said substrate (310) with a nunber of reflectorsly828)2006

di stributed anong said slots (330) such that said reflectors (320) encode a
nunber by 10 both pul se position and phase position. 2. The SAW
identification tag (300)as recited in Caim1 wherein said reflectors (320)
are arranged wherein said phase position is in quadrature. 15 3. The SAW
identification tag (300) as recited in Caim1 further conprising a fram ng
reflector (350)|ocated between said SA®Ptransducer (315) and said
group(340). 20 4. The SAWldentlflcatlon tag (300) as recited in Caim1l
further conprisinhg a phér 244 yl%?n’éthC@FbGBs}%@O) (3papat E&CHYafeatn

spaces. 5. JP§1§A¥VWH8E'E¥LB' gatihop1 h%glﬁ%%gbfagrb%?e 3@4'0’7 1% d & dade

wherein said nunber 1s at | east b| ts AW i dentification tag
(300) as retveddei andCeaimh fupbereils & de@a:cr #§ thitef Jprmups (340) is at

| east four and said nunber is at least 32 bits long. 30 19 June 2006 -39 7.
The SAWidentification tag (300) as recited in Caim4 wherein said
plurality of gro@ps (348) 1'denalifllea$t10nt welgv g 3and sa deaireet dirs Glaireast 96

bits | ong. 8., The identifi j 300 cited in aim .1 wherein
sai d SAWtrjgnsVH}E’é? 1355t C{s%gé‘}nf gég p?gﬁé e 5 SAW W=Q frquency
of between ;bmaaé bheee nghgaherd Zfrécghaqcyr hef | deblebhCawoomnicag @) as

recited in CCaim 1 wherein at |east sonme of said reflectors (320) are
singl e gligahertz.

10 9. The identification tag (300) as recited in Claim
1 wherein at least some of said reflectors (320) are single

strips of conductive material.

10. The identification tag (300) as recited in Claim

15 1 wherein said number is unique to said tag (300).

11. The identification tag (300) as recited in Claim
1 wherein said number contains data pertaining to an object
associated with said tag.
20
12. The identification tag (300) as recited in Claim

1 wherein said number includes an error detection portion.



strips of conductive material. 10. The identification tag (300) as recited
in Caim 15 1 wherein said nunber is unique to said tag (300)9 Junt.2006e
identification tag (300) as recited in Caim 1 wherein said nunber contains
data pertaining to an object associated with said tag. 20 12. The
identification tag (300) as recited in Claim 1 wherein said nunber includes
an error detection portion. 19 June 2006 -40 13. A nethod of operating a
surface acoustic wave (SAW identification tag (300) by exciting a SAW
transducer (315) located on a piezoel eétdic substrate (310) to create a
SAW conprising: 5 causing said SAWto reflect fromreflectors(320)

di stri buted anpng3a gPoupeirod| efs BBt S aAgaBiadpt RCOpEEdE porsie i on

and phase posit,h Ok L t e | atd

ort | ons.of (Sard SARESE TR, Eakn (20 ] RPLLETRRY £lelf SR, and
pul se 10 pdé3it)ohocdtedThe mephedoas eceaiitoedubst@adien (B3 Whereicrdatie  of
said slots %gg%ﬁ.are arnanqu wherein said phase position 1is in quadrature.
15 15. The d aS"P&StEdin daim 13 further conpri sing causing said
SAWto reflect framsantrasatid SEFN et orrdB35Nt | daaired Hedtlweaiosa( bk BAW

transducer &315%, and said rou8%4340). 20.16. Th thod as recited . in
O aim 13 1 UPEREFLEEORE PO Calfi P 36 COLAVS 0581 | BEEPERM 8t Gtifor s
: pulse position and phase position on said substrate
(310)and demodulating reflected portions of said SAW to
yield a number encoded by both pulse position and pulse

10 position.

14. The method as recited in Claim 13 wherein four of
said slots (300) 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 (350) located between said SAW transducer (315)
and said group (340).
20

16. The method as recited in Claim 13 further
comprising causing said SAW to reflect from reflectors
(315) distributed among a plurality of said groups (340)
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
30 plurality of groups (340) is at least four and said number
is at least 32 bits long.



(315) distributed anong a plurality of said groups (340) separated by dead
spaces. 25 17. The nethod as recited in Caim 13 wherein sai dl9 humei2€p6i s at

| east 8 bits long. 18. The nethod as recited in Claim16 wherein said 30
plurality of groups (340) is at |east four and said nunber is at |east 32
bits long. 19 June 2006 -41 19. The nethod as recited in Claim16 wherein
said plurality of groups (340) is at |least twelve and said nunber is at

| east 96 bits long. 5 20. The nmethod as recited in Caim1l3 wherein said SAW
has a frequency of between two and threetlgi gahertz. 21. The method as

recited in Claim13 wherein at |east sone of said reflectors (315) are
single strips of 1910 dheduettilved naseriealiteZ2 irThelatnhdd aheamsineshi@d C aim

13 wherein i erei s j,que aid t ( The et hod as
recited in zﬁggﬁggggahé?eﬁﬁHggﬁ% (EERZerl%o%?ai%%Q%%té§S§$F§i%ﬁgg %%lgn

obj ect associabed iw tat daabtt & (BOE .1&g. The nethod as recited in Caim
13 wherein said 20 nunber includes an error detection portion. 19 June 2006
-42 25. A nethod of manufacturing a surface acoustic wave (SAW
identifieation tag.(3G0ke hamiimed aaSAVELHaRSdUGErC14 8A5) 30Wha iRz osdBgtricC
substrate (31%) conpri sing: depositing reflectors (SZQ% annng a group (340)
of 5 sl otsSPU3BRSaer ZRGENBFYbGtth BRANGE I i 3 arfel Phagedalertz.

21. The method as recited in Claim 13 wherein at
least some of said reflectors (315) are single strips of

10 conductive material.

22. The method as recited in Claim 13 wherein said

number is unique to said tag (300).

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

with said tag (300).

24. The method as recited in Claim 13 wherein said

20 number includes an error detection portion.



position on said substrate (310) , said reflectors (315) encoding a nunber
by both pul se position and phase position. 10 26. The net hodl%&megdbéed in
Claim 25 wherein said reflectors (320) are arranged wherein said phase
position is in quadrature. 27. The nethod as recited in Caim?25 further
15 conprising depositing a framng reflector (350) between said SAW
transducer (315) and said group 340). 28. The nethod as recited in Caim25
further conprising a plurality of said groups (340) separated by 20 dead
spaces. 29. The nethod as recited in C-a2n 25 wherein said nunber is at

| east 8 bits long. 25 30. The nmethod as recited in Caim28 wherein said
plurality of growis (Moetivdbil easufbcturang sasdrhdnbeacoustat weast 32

bits I ong. he, nethod.as recited i i m 28. wherei aid 30.plurality
of groupe. (J5BJ1)] S aEPT a3 EaFAER Tand R THANBER 15 SR cese SERRFrS
long. 19 Jung12006:mr 43 pidzddledEt hwds@sst et ¢ ed3lo) O abap2dswher:ei n sai d
SAW t ransducer (315) i,s configured to produce a SAW havi n a fre%uency of
between two and OFPSSifildicheFE2z1e6t83s Het ABATEs & eSFPER i 48 ai AE25

wherein at gsheast $99B) ofas@khéefl Rct gben( 320 sar %o%!iﬂﬂilcﬁh ShhidPSpRhse
conductive material. 34. The nethod as recited in Caim25 wherein said 10
nunber is uBRP§HEICH s dSpaq (BOOJtrase TR Onet AL Asreddiecé®risn BifFm 25

wherei n sai d, uer contaldr.datd, Pesdal ning 40 anobi 85t 23390 hade

position.

10 26. The method as recited in Claim 25 wherein said
reflectors (320) are arranged wherein said phase position

is in quadrature.

27. The method as recited 1in Claim 25 further
15 comprising depositing a framing reflector (350) between

said SAW transducer (315) and said group 340).

28. The method as recited in Claim 25 further
comprising a plurality of said groups (340) separated by
20 dead spaces.

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 (340) 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 (340) is at least twelve and said
number is at least 96 bits long.



with said tag (300). 15 36. The nmethod as recited in Caim25 wherein said
nunber includes an error detection portion, : 19 June 2006

-43-

32. The method as recited in Claim 25 wherein said
SAW transducer (315) 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 (320) are single strips of

conductive material.

34. The method as recited in Claim 25 wherein said

10 number is unique to said tag (300).

35. The method as recited in Claim 25 wherein said
number contains data pertaining to an object associlated
with said tag (300).

15

36. The method as recited in Claim 25 wherein said

number includes an error detection portion.





