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| DENTI FI CATI ON TAG AND METHOD OF USE THERECF 5 TECHNI CAL FI ELD OF THE

| NVENTI ONVOhg/op3esent i nvention is directed, in general, PETAISOBAME2
identification tag reader and, nore specifically, to a reader for use with
surface acoustic wave (SAW 10 identification tags havi ng enhanced data
content and to nethods of operating and manufacturing the sane.
BACKGROUND OF THE I NVENTION 15 Fanmiliar to all are the bar codes and
magnetic strips enployed by businesses to performidentification functions
and the various devices used to read them GCenerally, magnetic strips are
read by swping a card wwth the strip on it, such as a credit card,
through a reader. Magnetic 20 strips can also read by contact or proximty
devi ces where the card, such as a parking or access card, is placed on or
hel d close to the reader. Bar codes are nost generally read by using a
"'t ght gun" to read the code and identify the itemassociated wth that
particul ar code. The main WO 03/065301 PCT/ US02/ 41522 -2 reason bar codes
and magnetic strips are the identification systens of choice is that they
are very cheap. The applications for which bar codes and magnetic strips
are useful is limted, however, by the relatively 5 small anount of data
t hey can encode and their inherent readability limtations. One such
readability limtation 1is the range at which they can be used. Both are
short range systens that require the reader to contact or be very close
(a few centineters, at nost) to the bar code or 10 magnetic strip, as the

case may be, In OégggEﬁoFggcgdﬁIGH INFORMATION CAPACITY SAW

IDENTIFICATION TAG AND METHOD OF USE THEREOF

5 TECHNICAL FIELD OF THE INVENTION

The present invention is directed, in general, to a

SAW identification tag reader and, more specifically, to a
reader for wuse with surface acoustic wave (SAW)

10 identification tags having enhanced data content and to

methods of operating and manufacturing the same.
BACKGROUND OF THE INVENTION

15 Familiar to all are the bar codes and magnetic strips
employed by businesses to perform identification functions
and the various devices used to read them. Generally,
magnetic strips are read by swiping a card with the strip
on it, such as a credit card, through a reader. Magnetic

20 strips can also read by contact or proximity devices where
the card, such as a parking or access card, is placed on or
held close to the reader. Bar codes are most generally
read by using a “light gun” to read the code and identify

the item associated with that particular code. The main



data. They are also limted by the fact that no obstruction can be between
the reader and the bar code or nagnetic strip for the reader to accurately
decode dawe.03/0d33et orientation of the reader relative to tireThmo2esee or 15
magnetic strip can also be a significant readability problem If the
readi ng device is not properly aligned or is held at an incorrect angle
the encoded information can not be read. As a result of these problens 1
each individual read operation requires manual scanning by a 20 human ’
operator if high read accuracy is needged. The various limtations of bar
codes and magnetic strips have prevented their use in a w de range of
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Prior ayt didiethg devipes aar etloé tesebasiyc bgpegn order to decode
data. They are also limited by the fact that no
obstruction can be between the reader and the bar code or
magnetic strip for the reader to accurately decode data.
The orientation of the reader relative to the bar code or

15 magnetic strip can also be a significant readability
problem. If the 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 reqguires manual scanning by a

20 human operator if high read accuracy is needed. The
various limitations of bar codes and magnetic strips have
prevented their use in a wide range of applications for
machine readable tags that need highly reliable and totally
automated reading at read ranges up to several meters.

25 The radio frequency identification (“RFID”) tag is
another prior art identification device. As the name
suggests, when RFID tags are interrogated they reflect or
retransmit a radio signal that returns encoded
identification information. RFID tags have many uses,

30 ranging from the collection of highway and bridge tolls to
being embedding in objects to circumvent counterfeiters.
An advantage of RFID tags over magnetic devices and bar

codes is that they can generally be sensed at a somewhat



those that contain a mcrochip and those that do not. There is a radical
difference in cost and perfornmance 10 between the two types; to such an
extent thaOoBlegorarely conpete with one another as to type/ush2/use2 As a
general rule, chip tags cost nore by have a larger data capacity than
chipless tags. Chip tags, for exanple, are usually not avail able below a
unit cost of about one dollar each 15 when ordered in a quantity of |ess
than one mllion; whereas many chipless tags are projected to cost |ess
than 20 cents each, even when orderedin quantities of one hundred

t housand. Chip tags are by far the nost popular. A chip tag 20 consists of
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const ria Ntietofeen the two types; to such an extent that they rarely

compete with one another as to type of use. As a general

rule, chip tags cost more by 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

15 when ordered in a quantity of less than one million;

whereas many chipless tags are projected to cost less than

20 cents each, even when ordered in quantities of one
hundred thousand.

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

20 consists of four elements or features: (1) a computer

microchip; (2) circuits for converting radio signals to

computer data signals and back to radio signals; (3) an

antenna; and (4) a means for providing DC power to the chip

circuitry. In low cost RFID chip tags, the first two

25 features are often partially or totally integrated into a

single microchip, which integration requires certain

compromises in tag performance (read range, number of bits,

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

integrated circuit (IC) cost and/or design compromises to

30 accommodate both digital and radio frequency circuitry on

a single IC. The impact of these design compromises can be

partially compensated for by use of low radio frequency



cost, size and weight usually requires that the tag not have a battery or
ot her on-board power source. The only generally useable solutionis to
obt ai n DOVpwames3by converting RF power received from theprcagsozadezr signal
10 into DC power within the tag. Those skilled in the pertinent art term
tags without a battery or other power source as "passive" tags, while
those that contain a battery or other source are ternmed as "active" tags.
The passive nmethod of providing DC power to a chip tag requires IS a nore
efficient tag antenna (i.e., larger sige and cost) and higher transmtted
power levels fromthe reader. it also requires added conponents which wll

ei ther add t 8o OF LR ALELQCRWRALOr it0 il COoBdadf tbheathgrf or the
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restriction on e read range the tag because a signal that is
fﬁff;Clentf?T Bmr?ogerofpﬁW&hﬂﬂﬂhHﬁﬂf&ﬁﬂ%ﬂ%ﬁ%endEh% SABPENAF$PANCE from 25

e tag reader antenna. T ' i P, S L et hare of
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significant nmanner. 30 "Chipless” REIR ¢ t in i ip but
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only cogtaifcdi md egowanowntshdfh itieor wati.on. THwsesevbiilipdofin héde
pr obl ens hggrtinent 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
15 a more efficient tag antenna (i.e., larger size and cost)
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
20 additional components will also result in an increased tag
size. The most important 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
25 the tag reader antenna. Thus, while chip tags have the
dominate share of the RFID market, the high cost and
limited read range combine to prevent chip tags from
replacing either bar codes or magnetic strips 1in any
significant manner.
30 “Chipless” RFID tags do not contain a microchip but,
instead, rely on magnetic materials or transistorless thin
film circuite to store data. A major advantage of chipless

RFID tags is their relatively low cost. The disadvantages



prevented their market acceptance in spite of their low 5 cost potential.
In the year 2000, the current global market for conventional RFID systens
and serviwea3iessdn the order of 500 mllion U S. doll arsPCThiss2/seket is

| argely for chip tags that typically cost from about one dollar to tens of
10 dollars each. Wiile chipless tags are not selling well, they have
generated great interest froma nunber of potential users because of their
| ow cost potential. A huge gap exists in the automatic identification

mar ket between the very | ow cost bar_godes and the higher 15 perform ng
RFID chip tags. The overall market is clanmoring for a technical solution
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identification Pec nol o to fill this gap are: le) a cost of between one
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reader (ipmevermtsd abheir emdirhgteveraptanee tiy pBRiker SfcheE1%r 1°¥over ed
with dirt, or_qn tehIl \rong side of the package, 25 etc.); (4) a reliable
read r gecodsf aRO*i east one to two et ers; and (5) a tag data capacity of
roughly 100 bitm tBechyetags 206 of thiet aturnestesdlelpbodtagikedut RBFEi ti es,
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where tde d@llars each. While chipless tags are not selling well,
they have generated great interest from a number of
potential users because of their low cost potential. A
huge gap exists in the automatic identification market
between the very low cost bar codes and the higher
15 performing RFID chip tags. The overall market is clamoring
for a technical solution to fill 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
20 quantities; (2) reliable reading without the need for
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,
25 etc.); (4) a reliable read range of at least one to two
meters; and (5) a tag data capacity of roughly 100 bits.
Such tags are of vital interest to postal authorities,
airlines and airports, mass transit authorities, animal
breeders, the livestock industry, delivery businesses, any
30 business with significant supply chains, particularly those

that maintain inventory or handle fast moving consumer

goods, and so on. These are all applications where a high



is disposable or is going to be sold with the product. To address and
overcone the limtations of cost, data capacity and reliable range

i nherent woopesnt art RFID 5 tags, a new type of RFID tagChasohesm

devel oped. These tags are the SAWidentification tags that are described in
detail in U S. Patent Application Serial No. 10/024,624, entitled "Surface
Acoustic Wave ldentification Tag Having Enhanced Data Content and Met hods
of Operation and 10 Manufacture Thereof," by Hartnmann, commonly assi gnhed
with the invention and incorporated herein by reference. In order for the
SAW i dentification tags described by rtmann to be of use, however, it is

essential that a.reliaple. r -%&E%bl i sandi améd At efrOgaAgON
si gnal anBriLgefie(F&gvilnsg né)er pgﬁga%(;@’&e areply sli gnalf]%é provi ded for use
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10 Manufacture Thereof,” by Hartmann, commonly assigned with

the invention and incorporated herein by reference. In

order for the SAW identification tags described by Hartmann

to be of use, however, it is essential that a reliable

reader capable of sending an interrogation signal and

15 receiving and decoded a reply signal be provided for use
with such tags.

Accordingly, what is needed in the art is a SAW

identification tag reader that can reliably interrogate a

SAW identification tag with substantial data encoded

20 thereon and that can reliably detect and decode such tag’s

return signal.



reflectors distributed anong the slots such that the reflectors return to
the transducer a return signal containing a nunber encoded by both pul se
posi ti on wWOMd3A&3phase position; and (2) a receiver for dePertisoy4tshe return
signal and decodi ng the nunber. The present invention thus introduces a
reader for use wth SAWidentification tags where the SAWidentification
tag is constructed to use both phase positions and pul se 20 positions to
return an encoded nunber.' By using both phase position and pul se position
encodi ng net hods a dramatic increase in the anount of data that a SAW
identification tag can contain is achievable. Such increase permts a SAW

identification tag to cont aigom@agivobl IryruaNgueTIOMer, 25 thus permitting
the use of such tags for uniquely and reliably identifying and tracking a
heret of ore unprecedented nunber of objects. The present invention

provides a read@i, t 9a4LeLiablhd NHESFOOH Sogsiedy SAVE i dentiibkcaif ophkags and
accurately decode a nunber encoded 30 in the return signal under a variety

of differe®ricgnviprénnehbal BERVERF oniIVen: ipie @Mtidaht o t Be PPEsent

inventien, jihe rieadel i s tuspd@ety ansimebd peehbagabiropyai-gpahs LAg and
detect WD 03/065301 PCT/US0Z/ 41522 and decode return signals from a SAW

i denti fi cafieowmfEafunitier e thef | aMers ark? arfdngeFbodmemvat §ard Bhlse
posi tion isydit iGURARATYS e+ b ADQKLET ﬁﬂ?ﬂﬂ%&?ﬂt’uﬁ frampgnspetLeetor is

| ocat ed between the SAWtransducer and the group._In one enbodi nent of
t he presentcababdist iadh,SariblISAWD | derryfogaition shgnabadkatcanciead a SAW
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10 piezoelectric substrate having a group of slots arranged by
both pulse position and phase position, and a number of
reflectors distributed among the slots such that the
reflectors return to the transducer a return signal
containing a number encoded by both pulse position and

15 phase position; and (2) a receiver for detecting the return
signal and decoding the number.

The present invention thus introduces a reader for use
with SAW identification tags where the SAW identification
tag is constructed to use both phase positions and pulse

20 positions to return an encoded number. By using both phase
position and pulse position encoding methods a dramatic
increase in the amount of data that a SAW identification
tag can contain is achievable. Such increase permits a SAW
identification tag to contain a globally unique number,

25 thus permitting the use of sguch tags for uniquely and
reliably identifying and tracking a heretofore
unprecedented number of objects. The present invention
provides a reader to <reliably interrogate such SAW
identification tags and accurately decode a number encoded

30 in the return signal under a variety of different
environmental conditions.

In one embodiment of the present invention, the reader

is used to transmit interrogation signals to, and detect



10 reader for use with SAWidentification tags that have a plurality of
groups separated by dead spaces. In still another enbodi nent, the SAW

i denti fi caDiosmes3ay reader can read a SAWidentification tag/ushzsishas at

| east four groups and encodes a nunber that is at least 32 bits long. In
yet 15 anot her enbodi nent, the SAWidentification tag reader can read a
SAWidentification tag that has at |east twelve groups and encodes a
nunber that is at |least 64 bits long. A particularly useful enbodi nent
provides for a SAW identification taggreader that uses an interrogation
signal 20 that has a frequency of between two and three gigahertz. A

particul ar] g PRl Leat k0F Ry, t K ssambodenenticpt ovhdeagf or a
2.45 qi gak?e%% ?g{?&%{‘eﬁgiﬁrg %é?t?lgglssef ul enbodi nent of théCSAW L
i dent i fi catliere trag lecsadsr apeoerdasIedr sp@aditRf £a3MPBNGER PPELAEPENn tag

25 contai ning dat 8, BAELALNNG L O1AN L) Ecl: asstiakachey iy {reanumber. Thi s
feature pejﬁn'ts groups of nunbers to be uniquely associated with specific
ki nds of ohgfEbtctorois érxamtled, ketvegami pher 648 SHATRHI DCRIOF C8RW

i denti fé cation tag nunbers can be associated with beef 30 cattle while

anot her” bIGck"®an be associated with autonobile parts. The utili ty, of the
SAW i denti fi catimnotagembademens odnHdrcaurdsenin RV ReAt bRet kS

invention that is. further WO 0Q et % SR $ed of
havi ng a cjoqk;%%qjefl%a;hsjb%ﬁl atey rvﬁ%%@ls%g}%g(%é;%%%@éect of the i nveng]i onis
further cotmpat seflcofiebhawni noundeer 1SAW i dentitf ileftstoneialgt abdbei dO8F-with a

dent f1 cAtTOrFTage Pl BB VRS, T o BBodr somt ro Bory ITestr at ed
and desgribeddet heoBAWHedamitlf i 6AWI dalenigfication tags that have a
plurality of groups separated by dead spaces. In still
another embodiment, the SAW identification tag reader can
read a SAW identification tag that has at least four groups
and encodes a number that is at least 32 bits long. 1In yet
15 another embodiment, the SAW identification tag reader can
read a SAW identification tag that has at least twelve
groups and encodes a number that is at least 64 bits long.
A particularly useful embodiment provides for a SAW
identification tag reader that uses an interrogation signal
20 that has a frequency of between two and three glgahertz.
A particularly advantageous application of this embodiment
provides for a 2.45 gigahertz frequency.
A most useful embodiment of the SAW identification tag

reader provides for reading a SAW identification tag

25 containing data pertaining to an object associated with the

number. This feature permits groups of numbers to be
uniquely associated with specific kinds of objects. For
example, a certain predetermined block of SAW

identification tag numbers can be associated with beef

30 cattle while another block can be associated with
automobile parts.

The utility of the SAW identification tag reader is

enhanced by an embodiment of the invention that is further



reader is selected fromthe group consisting of a side panel reader, a
shel f reader, a doorway reader, a roadway reader, a short range hand-held
reader, awbongeizange hand 10 hel d reader, a |ong range fi Pea/usezdse a wand
reader and a fingertip reader. The foregoing has outlined, rather broadly,
preferred and alternative features of the present invention so that those
skilled in the art nmay better understand the detailed 15 description of the
invention that follows. Additional features of the invention will be
descri bed hereinafter that formthe subject of the clains of the
invention. Those skilled in the art should appreciate that they can

readi |y use | I}gs%idsgkoﬁggiﬁgnﬁ%rﬁﬂft@@%s%ﬂafﬂ&i 20 tenbedi nendtlasra basi s
for designing or nodifying other “structures for carrying out the sane

pur poses efspele ofr ckentnvaveatnohs FTHsEBeEKFPIBELFRC RE BRY1RPoufd al so

realize t sueh  gqyivalent cgan ;Lens dorRoL demphiterfhemnbhie. spirit
and scope ﬁﬁgnFﬁggﬁ%?éﬁgiﬁggtggggggggst 25 form 85/065301
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under st andi af..t he .pre t. I Nt | . enceg, | Aegentotbhe
t5 1({'@%&:@5_ clagtlloglngg aﬁeéagf LiB8ai hEheEenc’ a$ BRWo n

fol | owi™ng en I'n conjunction with the_ acconpanying

dr awi ngs, den iiHiwdk r&tGURENE Hebostbates tihe | Fohetdert 5t Heatview bf9a
baggage handl j ng machine that i r nt abnexapphe ef Angegbodi nent
of a SAMH?ﬁﬁﬁﬁ i%%tf&ﬁeféﬁ%régﬁgg €§§ é%né@fuct%d in é%cordance with the
present i el afeaddiGURE $hélf useaderes a Bborkadi HgRaAT of 2ahCBABBYI nent

of a SAWiJPeean eilI,i Caatsi,l’loorl”tt ai%nléeea%%lhdg%%ﬁtdr ':E‘%Lcﬁ%lj,na long range hand-
10 held reader, a long range fixed reader, a wand reader and
a fingertip reader.

The foregoing has outlined, rather broadly, preferred
and alternative features of the present invention so that
those skilled in the art may better understand the detailed

15 description of the invention that follows. Additional
features of the invention will be described hereinafter
that form the subject of the claims of the invention.
Those skilled in the art should appreciate that they can
readily wuse the disclosed conception and specific

20 embodiment as a basis for designing or modifying other
structures for carrying out the same purposes of the
present invention. Those skilled in the art should also
realize that such equivalent constructions do not depart
from the spirit and scope of the invention in its broadest

25 form.



accordance with the present invention; FIGURE 3 illustrates a plan view of
an enbodi nent of 15 a SAWidentification tag wwth an antenna configured to
provi de awpeBw63306i gnal with a specific nunber encoding PrheEEson41592 bot h

pul se position and phase position; FIGURE 4 illustrates an exanpl e of
digital PPMshowi ng four positions of a tinme span for transmtting data
using 20 conventional PPM FIGURE 5 illustrates an exanple of one

enbodi mrent of the invention show ng pul se positions for a conventional
four state digital PPM FIGURE 6 illusgrates an exanple of allowable pulse
25 positions with significant overlap; FIGJRE 7 illustrates the details of

one enbodi nent of pul i L ot OF e SRefItdst he nunber of states
that has a limted det%lg Fﬁoqﬁnﬁ%%?gzlfn; FI GURES 8A and 8B illustrate the real

and imaginary 30 parts of overlapping pulses with an added phase shift of

+900; FIGURE 9 jllustrates an i LAVEeREi Qi eL8eatrphase
i ncrement ot herﬂ“ﬁ'uaﬁt 98°* s Uk e\?\cade[ Eﬁ%eg%)%ggﬁb% P(SC]JT/ U502/ 41522
subst ant i aidyentipoy edrdf sceno nat Eonnbet wewdle heteor Fbet fol 4P¥LRAd t he

nei ghboring st ates. wher he al | owabl ci [ LAl Snand a
78.50 phastefiFrRrente gg en ™ a%%%ﬁ'?ygﬁﬁom@g%st%s%icgoﬁgéd? E%FI GURE
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using MP&XK along with PTSK:, FIGIJRE 11 il tabl e.showisng. t he 286
possi bl e stat es&%%‘%E exi sﬁ%iﬁ%*ﬁ?%eapeff%g %?%Je'grgsltiegdsll%mav%ﬂsoﬁp of 21
slots havipgygagkimmddctaf nefctiow thi@ EsQREsddted| astamtesmplicablfe

showi ng thgnStg%%gdg%gnt of a SAW identification tag reader
10 constructed in accordance with the present invention;

FIGURE 2 illustrates a block diagram of an embodiment
of a SAW identification tag reader constructed in
accordance with the present invention;

FIGURE 3 illustrates a plan view of an embodiment of

15 a SAW identification tag with an antenna configured to
provide a return signal with a specific number encoding
therein by both pulse position and phase position;

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

20 conventional PPM;

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

FIGURE 6 illustrates an example of allowable pulse

25 positions with significant overlap;

FIGURE 7 illustrates the details of one embodiment of
pulses with a five-fold increase in the number of states
that has a limited detection margin;

FIGURES 8A and 8B illustrate the real and imaginary

30 parts of overlapping pulses with an added phase shift of
+90°;

FIGURE 9 illustrates an embodiment of the invention

where a phase increment other than 90° is used with



a SAWRFID tag with 10 slots, two reflectors and 36 possible placenents;
FIGURE 13 illustrates a table show ng one sub-group of state froma SAW
RFI D t ag wibtob/oé30r refl ectors per group, 15 20 slots per PGTAIsP2/4525Ki p
factor of three, a phase increnent between adjacent slots 900 with division
into 2 sub-groups and only one reflector of each specific phase per
group; FIGUREs 14A-141 illustrate various enbodi nents of SAW 20
identification tag readers constructed in accordance with the present
invention; FIGURE 15 illustrates a blpgk diagramof a nethod of operating
a SAWidentification tag reader; and FIGJRE 16 illustrates a bl ock di agram

of ‘a method, 9 3 ut; A9 A oM ideRtich GRidwled athd easkerectO

03/ 065301Sﬁﬁ}éggéFﬁQZEﬂﬁf%ye%Eﬁl "ED DESCRI PTI ON Referring inifially to
FI GURE 1, skkltestndt eHei seaghbpsinet stetef dehereviles %11%%‘@@%38% 1) i ng
machi ne 100, that 5 | resen s sancexapple of; akahadiventeoh a SAW
i denti fi cEPPERTESy aFeea?iléI?lIil %:Ig%s rZ?t'Sd ?)nmaccorldance with the present

i nvent i onadBaclkenebjp@tbwed beateentlisf ueed; such as itens of baggage 120, has

oo S0 LSRR LD, $3RsERREaLES, M bbhend g babluyp ety e
to reliablylis@erigaiy nan rohjeechani i lpast bedhar MPGK al pnghel SAWTSK,
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nunber - that 1S 8nC0ded il Wi Wak I O0F oV I dentification

10 FIGURE 12 illustrates a table showing the states for
a SAW RFID tag with 10 slots, two reflectors and 36
possible placements;

FIGURE 13 illustrates a table showing one sub-group of
state from a SAW RFID tag with four reflectors per group,

15 20 slots per group, a skip factor of three, a phase
increment between adjacent slots x90° with division into 2
sub-groups and only one reflector of each specific phase
per group;

FIGUREs 14A-14I illustrate various embodiments of SAW

20 identification tag readers constructed in accordance with
the present invention;

FIGURE 15 illustrates a block diagram of a method of
operating a SAW identification tag reader; and
FIGURE 16 illustrates a block diagram of a method of

25 manufacturing a SAW identification tag reader.



tags 130 with sufficient data capacity to encode a globally unique
identification number suitable for use with the present invention are
descri bedwpresdeai | in U S. Patent 20 Application Serial NoT/US0L032; 624,
entitled "Surface Acoustic Wave ldentification Tag Havi ng Enhanced Data
Content and Methods of operation and Manufacture Thereof,” by Hartmann,
commonly assigned with the invention and incorporated herein by reference.
25 A baggage handling machine 100 of the type illustrated could be
beneficially used by an airline or bugpconpany in conjunction wth SAW
identification tags 130 such as that described in Hartmann. Those of

ordinary skill in the pertipghhtaEb Pescri®eeeR ze that severa
configurations of 30 baggage Eané%?ng machi nes 100 coul d be constructed and

u?eg, and bizgjthin the intended scope of the present invention. As itens
o] aggage are mved throu h r 110 ori be 140, a
transmtter 15§qﬁ%§£ﬁ%%5yﬁf%§§;i588/f%%ggE-%3 99&%5%%%?%%\%%té?rogation
s:c gngl to i@aﬁﬁzast&ﬁw didentiitivcaf i @rbdaggpdsharklling mesddeicat 88 . wEbAtan item
0 aggage 12 0. Each of the SAW.i dentif.i cati 0 espo to the
interr %at '%npg?ﬁﬁﬁgegy 3% aﬁ?m%}f?mn%df% Er etur (r%q}s?}o%gqe}lv%\ﬁ tﬁfi tSdg g%ﬂ

gl obal | y uridiite fiidentidn caagomreadierbet 1 @ncoded ruleéedi nin AaceesPdBee160 in
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SgelgASy?ggﬁ??sﬁigﬁggﬁgagi%gggdge heopl deed a0SAFhe densnvéyeribal £ag40 with
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10 a SAW identification tag 130 must have sufficient data
capacity to reliably identify an object with particularity.

If the SAW identification tag 130 has the requisite data
capacity, the reader 110 will interrogate the tag 130 by
transmitting an interrogation signal, detect a return

15 signal and decode the globally unique identification number
that is encoded in such return signal. SAW identification
tags 130 with sufficient data capacity to encode a globally
unique identification number suitable for use with the
present invention are described in detail in U.S. Patent

20 Application Serial No. 10/024,624, entitled “Surface
Acoustic Wave Identification Tag Having Enhanced Data
Content and Methods of Operation and Manufacture Thereof ,”
by Hartmann, commonly assigned with the invention and
incorporated herein by reference.

25 A baggage handling machine 100 of the type illustrated
could be beneficially used by an airline or bus company in
conjunction with SAW identification tags 130 such as that
described in Hartmann. Those of ordinary skill in the
pertinent art will recognize that several configurations of

30 baggage handling machines 100 could be constructed and
used, and be within the intended scope of the present
invention. As items of baggage 120 are moved through the

reader 110 on a conveyor belt 140, a transmitter 150



| ocated in a position where the baggage 120 constitutes an 15 obstacle
between the SAWidentification tag 130 and the reader 110. Al though a
reader 11Wormageisel r obust enough to detect a tag 130 in sRCh/EBOPESRL i on,
inevitably some items wll be so thick or nmade of a substance that the
interrogation signal or the return signal will be blocked. 20 To read tags
130 bl ocked in such a fashion, the illustrated nachine 100 provides for a
back up proximty SAW identification tag reader 170. The proximty SAW
identification tag reader 170 generatesg_an interrogation signal and
detects and decodes a return signal froma SAW?25 identification tag 130.

The mj or difference hetween the slandard daader 1lgandesbr prexinity
reader 17071sthe way the interrogation signal is_geperated, and dgtected.
In the casendfifdcsttacdardg dadertham s saeprfiited agt B e@™ st 5741 ©Tt hr ough
the air by the re 11051 bat 45 processed: andr 30 katupheddgomsbe tag
130 as a éﬁﬁPﬁeéﬁg%gr th%%gﬁsc% sg .radiapéd throﬁgh the air. In the case
of the prodspond teadere 17Gtetirogsitigni n§isnghal OY r ShafE L dddd 270 is

not radiated. Instead, electri g?gg i helkds apen¥r934068301

PCT/ US /1T§§§n=§ﬁ§Q§¥%i%@gn£%§ ?ﬂg re%i% 5ﬁ?%gg coupFes to/froma tag
130 onl y mheert kemdatpd Ithéseim. prbxiedeiven the wirbBelysadernslo
illustrated enmhodi ppnt of a proxinity W 1 ifi I oftied- I @aden 170 has
two wires d%f?q StatBd $GF hgéb%gn a?ﬁe %%ﬁ?/%%/%r%%tee; t 140 by bei ng

| ocat ed beinwmsines reiid ausen 450 whaeet L fp ket ibaw P hagegeehdp? wAth

el ectrical CLgﬁéﬁE i.qithe wWres 175 generate a surrounding electric or
magnetic 8% Fici¥ent to excite the transducer on the SAWtag 130 into

producigig an 10 neetogassen Sapwdgaherot hellhg bE30péressSeso® hEDG res
conveyer belt 140 with the SAW identification tag 130 in a
position where it can be read by the reader 110. In some
cases, however, the GSAW identification tag 130 will be
located in a position where the baggage 120 constitutes an
15 obstacle between the SAW identification tag 130 and the
reader 110. Although a reader 110 may be robust enough to
detect a tag 130 in such a position, inevitably some items
will be so thick or made of a substance that the
interrogation signal or the return signal will be blocked.
20 To read tags 130 blocked in such a fashion, the illustrated
machine 100 ©provides for a back up proximity SAW
identification tag reader 170. The proximity SAW
identification tag reader 170 generates an interrogation
signal and detects and decodes a return gignal from a SAW
25 identification tag 130. The major difference between the
standard reader 110 and the proximity reader 170 is the way
the interrogation signal is generated and detected. In the
case of a standard reader 110 a signal is radiated signal
through the air by the reader 110 that is processed and
30 returned from the tag 130 as a return signal that is also
radiated through the air. In the case of the proximity
reader 170, the outgoing signal from the reader 170 is not

radiated. Instead, electric and magnetic fields are



175. A return signal is then detected and decoded by the proximty SAW
identification tag reader 170. Those skilled in the pertinent art wll
readi |y awoesmeisnithat a nunmber of suitable applicationsPefitso2415e2 usi ng a
proxinmty SAW15 identification tag reader 170 of the type described, al

of which are well within the intended scope of the invention. After the
identification number on a SAWidentification tag 130 associated with a
baggage 120 item is ascertained, the information is transferred to a 20
computer 180 associated with the readep_110. This information can then be
used to facilitate handling the baggage 120 by, for exanple, generating

handl ing JSLILUCLIANS $UChA%d auld Mhad Qasligis Unk paginea okagdebovery. 1

anot her enbo e 1nvention, 25 the reader 110 i s associ ated
with a conmﬂ@em&mﬂtwmmkt3@513osu@h1@-@@Wﬁ@ﬂéﬁyh§FM6P@ YdgeSart /e a Local

Area Network (LAN'), . 8 Wdes Arear Neiwork (GWANg) fgkim&ﬁ negawan
extranet, the I}}erné% or any conpi nation thereof. é) iplé§| conput er
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retrie enlnatlng information. The present _invention
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175. A return signal is then detected and decoded by the

proximity SAW identification tag reader 170. Those skilled

in the pertinent art will readily ascertain that a number

of suitable applications exist for using a proximity SAW

15 identification tag reader 170 of the type described, all of

which are well within the intended scope of the invention.

After the identification number on a SAW

identification tag 130 associated with a baggage 120 item

is ascertained, the information 1is transferred to a

20 computer 180 associated with the reader 110. This

information can then be used to facilitate handling the

baggage 120 by, for example, generating handling

instructions such as routing, loading, wunloading or

delivery. In another useful embodiment of the invention,

25 the reader 110 is associated with a computer network 185.

Such a computer network 185 can be a Local Area Network

(“LAN”), a Wide Area Network (“WAN”), an intranet, an
extranet, the Internet or any combination thereof.

In a typical computer network 185 there will generally

30 Dbe at least one server with a database designed to perform

specific designated tasks, such as receiving, retrieving,

updating and disseminating information. The present

invention provides for information to be supplied to the



and individually addressable vehicles ("IAV'). An | AV can be any

i nstrunment capabl e of certain conputer functions 10 that is conbined with a
Wi rel ess womdiogsnt and/ or transmtter and that is individrarigsoadderssabl e.
An 1 AV could, for exanple, be used by a baggage handler on the airport
tarmac to comuni cate with the conputer network 185. 15 Turning now to
FIGURE 2, illustrated is a block diagramof an enbodi nent of a SAW
identification tag reader 200 constructed in accordance with the present
invention. A transmtter 205 on the_pgader 200 sends an interrogation
signal 210 that is received by a SAWtransducer 215 on a 20 piezoelectric

substrate 220.0of t S T iRl Mgl QM tass thReadAVEANansducer
215 mhichdéiﬁggaftﬁ%w€¥¥%%§Fr2;god5Mm t he suﬁggiate 220. As herei naf ter
descri bed iidertsitfiidat iom ttegsutBace din ta@dtubel r BPe RREIHR agFbup of

slots arranded, by, both pulse pagi tigpoand 25.nhase Besi tbAfentistigber of
e

reflector§ stribute anong the slots and arranged bg bot h pul se
posi tion dnftenflrase podéticmsto genehat e a® r etRRFERIFhal 290PHEEEfe
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Turning now t eaGi GUBE 3d | tosteat Bongb anpbaﬁavkewd©fi0%ﬁ:eﬁﬁ@HPﬁﬁﬁt of a
SAM) dent LR 190,200 BLAD 20 Ak cgieacagcantiauicd fosetayice o
encodi ng thet eirtiiyi diet il puldkrqesidlicoveimidlphdSEAYISi-t | 8n. IXNeC8AW t ag
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10 that is combined with a wireless receiver and/or
transmitter and that is individually addressable. An IAV
could, for example, be used by a baggage handler on the
airport tarmac to communicate with the computer network
185.
15 Turning now to FIGURE 2, illustrated is a Dblock
diagram of an embodiment of a SAW identification tag reader
200 constructed in accordance with the present invention.
A transmitter 205 on the reader 200 sends an interrogation
signal 210 that is received by a SAW transducer 215 on a
20 piezoelectric substrate 220 of the SAW tag. The
interrogation excites the SAW transducer 215 which sends a
SAW signal 225 down the substrate 220. As hereinafter
described in detail, on the surface of the substrate 220
are a group of slots arranged by both pulse position and
25 phase position. A number of reflectors 230 are distributed
among the slots and arranged by both pulse position and
phase position to generate a return signal 240 to the
transducer 215 with a number 250 encoded therein. a
receiver 260 in the reader 200 detects the return signal
30 240 and decodes the number 250.
Turning now to FIGURE 3 illustrated is a plan view of
an embodiment of a SAW identification tag 300 with an

antenna 305 configured to provide a return signal with a



5 generated that proceeds down the surface of the SAWtag 300 and
encounters reflectors 320 arranged by both pul se position and phase

positi on WO oBhet3ot he return signal will have a nunber ene®cdasoriseri n t hat
is uniquely associated wth the interrogated SAWidentification tag 300.
10 Located on the surface of the SAWidentification tag 300 are one or
nore groups 340 of slots 330 that are arranged by pul se position and phase
position. of course they could also be arranged by pul se position, phase
position and anplitude position and shiJ | be within the 15 intended scope
of the present invention. The nunber of slots 330 and their arrangenent is

dependent . L : LPgid DA P sl ¥ ivsehnt
enbodinemég%éﬁﬁgz?ﬁ@gﬁ??gﬁaééggghggéfo% ?ﬁg reflgitorsbggé lto be _arranged
such t hat ghesehessl tpowi t | oRhes SAH Z@IqRdr iaf & TRYRRAREeHr 8t Rafl skill
in the pertinent .art L un t-hat hegse8badi menid % il t Ba
invention‘%ﬁ? egge HP?%%re% Sﬁg%%ﬂ%gsﬁpﬁonggreqiiring diffeﬁéﬁ% .

ar r angenentst @fradaitioB39ignahi iramgtdep S0 ag weepdas-a Ali $2¥r éft nunber

of slots 330 an 34 St 2 Wi # iy tdigy kRkenged scope
of the!%ré¥§ﬁ?rqﬁ%%n¥¥%hPI%F%%%ﬁebgn%ogﬁﬁe%%ygéé?he invention,the SAW

i denti fi caindn drmgpureader irefilsedowst h3SAWaRRNIOD thiat bty ePalfRani ng
reflector 350. |ocated. between the it dyger 0 he ;g5QHP 349 of
slots 330.PEHF 13 %hi %ﬁ)ﬁf??ﬁ@&%g%§§§%%gaﬁ %érggggﬁdgégés the starting
poi nt in theve r&twinbst geatodbdr eheheiSAVhatensi indguedly eagocéader can
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-17 30fp after thecgreofipod4oher sgrbapes 340tbe SABt $d33@ifllgetion tag
300 are one or more groups 340 of slots 330 that are
arranged by pulse position and phase position. Of course
they could also be arranged by pulse position, phase
position and amplitude position and still be within the
15 intended scope of the present invention. The number of
slots 330 and their arrangement is dependent on the
encoding system being used. A particularly useful
embodiment of the invention provides for the reflectors 320
to be arranged such that the phase position ig in
20 quadrature. Those of ordinary skill in the pertinent art
will understand that other embodiments of the invention may
use different ©phase positions requiring different
arrangements of slots 330 within a group 340 as well as a
different number of slots 330 and groups 340 and still be

25 well within the intended scope of the present invention.
In one embodiment of the invention, the SAW
identification tag reader is used with SAW tags 300 that
have a framing reflector 350 located between the transducer
310 and the group 340 of slots 330. Such a framing
30 reflector 350 can be regarded as the starting point in the
return signal where the SAW identification tag reader can
start detecting a coded identification number. In another

embodiment an end reflector 360 is located on the SAW tag



end reflector 360 together with the fram ng reflector 350, serve to frane
a return signal for the SAWidentification tag reader to decode. The

il lustratwo oantsdi nent al so 5 shows a dead space 370 separamiusg2/edmeh group
340. This dead space 370, while not necessary to the present invention,
serves to separate groups 340 and decrease inter-synbol interference. To
understand the arrangenent of reflectors 320 on a 10 SAWtag 300 and the
return signal that have a unique nunber encoded therein, it is helpful to
consider relevant signal nodul ation_gethods. In conventional pulse
position nodulation (PPM a data stream can be coded by dividing it into

separat e | & val yngl.e € hgousgd 1otk FF@NSNTHe
infornatiéﬁggéhtﬁﬁhggﬁ?29§&§%§%?%.8%hgggF%g the tine position of that

si ngl e pulesel aedileatpredévetnrttierspahhothei fsawergesefbeerahsi? - t he
information_in that. sample,_ .Single j bsgRuehint i PE-SPEHS are

si nil arly SGEEE 6 (FEiEHt ﬁ?ﬁﬂ%ﬁ%ﬁl rlfﬁﬁgﬁgg%%uent s%gﬁle 20 val ues.
Tur ni ng newd orEAGRIRE th, dédarst r at &thd sidhuekanpbd cmbagigiard PPRPshowi ng
four pul se positions qf a ti p wher a t s t{gedsusi ng
conventl oAt EPM aﬁagtﬁpgcggggit %P%anﬁﬁggﬁ%gﬁg ?Fgggnitted is d?gitm
and has 2%eene @fpdceur 3709sswhliéevahoes. nShewsaaye tour thesspbeeehavef or ms
whi ch consi st of, nom nal

which, cons!stegly o BeLl el dontgal 20l sroulac syevelel maoubagset |
posi ti ons.inke- TEyAibBIM triver fexeacieng required between pul se positions to
Cero at the podic diideyAGEIaEn T STIEgh BF “het R ELS FROPOL i ng
wi der fthamsaimidacg andendsedewrébavh afdeal itigpt theeraabi binigueondehsdul ate a
PPM s gnale’nchgdve\eale‘gﬁenjﬁgirﬂu'iste%s helpful to consider relevant signal
modulation methods. In conventional pulse position
modulation (PPM) a data stream can be coded by dividing it
into separate sample values where a single pulse is used to
15 transmit information contained in a sample. Changing the
time position of that single pulse over a predetermined
span of time serves to transmit the information in that
sample. Single pulses in subsequent time spans are
similarly used to transmit information in subsequent sample
20 values.

Turning now to FIGURE 4, illustrated is an example of
digital PPM showing four pulse positions of a time span
where data can be transmitted using conventional PPM. In
this case, the sample to be transmitted is digital and has

25 one of four possible values. Shown are four possible
waveformse 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

30 skirts from neighboring pulse positions are egsentially
zero at the peak of any selected pulse is Tmin. Of course,
pulse spacing wider than Tmin can be used without affecting

the ability to demodulate a PPM signal, however, if pulses



WO 03/ 065301 PCT/ US02/ 41522 -18 positions are spaced nore closely than
Tmn, it becomes nore difficult to unanbi guously distinguish one pul se
posi ti on Wo®a061381 nei ghbor. Using a reader to sanpling th@CTRBM/wAEZEf Or m at
each of the four possible peak pulse 5 positions and selecting the |argest
one results in the denodulation of conventional PPM It is readily
apparent to those of ordinary skill in the relevant art that the
denodul ati on process nust be synchroni zed usi ng one of a nunber of
synchroni zati on nmethods known in the_agt. 10 The four possible pul se
positions represent two binary bits of data. A subsequent group of four

pul se posi tois%T”cSi rfspcéf%e B¥ed SV el SBy CRRahepreseEnt i@nbaddintsonal  two
bi nary bi 550 dat a. r’r'gny sequential groups of four  pul se porsLi tions as
necessary meare beififeduils r epr eseanbigudss Hesidiet gl sr P*ConPHi-Afng many

bits of informmtio P .at [ . favor td-gp1reihedef or RFID
t ags basetfodr#%m %gﬁ{emggogggghggg( 1?%%' n%l%gpdlﬁ%;ﬂcgar?%be trgeadiel y
created armbpr egrafmet byt a <BAN r of | édter fplacenosehbine BRN sBHdErate, (2)

th i ul . ti i-tiQn 0,.4i | i | f
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nunber of &dmgrallgndsesomhcehverdicoesl tRRMi nsért Lenrkeds lyap@pPeafPithe
dent | 1 cdid OPRERDErS T eate: fo B8 FBasdias T ou 0ss r ags s t h
uni f or m puaaIp i iclesrboessanystape domdtiiasitdesh. usbvevere Pheause of
a2 s S AR A I s B P
| ow dai@ densi tyhe AMiNedsiildl ppattecpdbs B0ionxi represens sy bIMAXFhi ps
creates aﬂbfggegflégl;.onAtg%bsequent group of four pulse positions
occupied by a single pulse can represent an additional two
binary bits of data. As many sequential groups of four
pulse positions as necessary can be used to represent a
15 desired data word containing many bits of information.
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
20 directly relate to the spatial place of possible SAW
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
25 reasonably low loss tags with uniform pulse amplitudes for
any tag identification. However, the use of PPM for SAW
RFID tags also has limitations including: (1) PPM data
density is low, which increases the chip size (and hence
cost); (2) the low data density combined with practical
30 maximum sizes for SAW chips creates an upper limit on the
number of bits for practical tags; and (3) multi-bounce

reflections between the various reflectors in a PPM SAW tag



nunber of bits for practical tags; and (3) multi-bounce reflections
between the various reflectors in a PPM SAWtag WO 03/ 065301 PCT/ US02/ 41522
-19 creatwOwamessved pul ses that can interfere with | ater pporiSopms2df the
PPM pul se train. In FIGURE 4, Tmin is defined as a slot representing a
time length centered on any of the possible pulse 5 positions. A group is
represented by a collection of adjacent slots. The exanple in FI GURE 4,
shows one group with four states that represent two binary data bits. if
four groups of four slots are used thewe are 256 possible states (or

conbi nati ons) as given by 4 states X 4 states X 10 4 states X 4 states =

256 states, Thcies CoLLESR ndﬁuﬁrﬁeseigﬁétbiéa% of; gal L fQuh tiAesrnore

data than 4 ngl € "group ese 256 states (eight bits of data) occupy a
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nunber ofadiatas islaigni fTleantkympher EasBUGURSr 4 exahple, onf IEeHP pul ses

otates oA ANt arers rere PR PRat sl S aras Shvari abi e by
using 25 thsuNogeowsnvent fomal s RRMs ohréousedr bhpseohriodhes bersiblghi ch
10Ul § OCoupY, L1 P A% P ks FUL B TPl 305, Bigeuneg, 11 e
i mprovegrent . gthr88vVEN,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
15 would occupy one of the 16 slots. The available 16 states
(four bits of data) is significantly smaller than the 256
states that would result from using the same 16 slots in
four separate groups with four slots each.
If conventional PPM concepts are set aside and
20 multiple pulses are allowed in a single group, the number
of states is significantly increased. For example, if
four pulses are allowed to occupy any four positions in a
group of 16 slots, 1,820 states exist which is
significantly more than the 256 states available by using
25 the more conventional PPM of four groups of four slots
(which would occupy the same 16 slots). Further, if eight
pulses are used in the group of 16 slots, 12,870 states are
available, which is an even bigger improvement. If seven,
eight, or nine pulses in a group of 16 slots are allowed,
30 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.



eight, or nine pulses in a group of 16 slots are allowed, 30 35,750 states
are possi bl e which corresponds to nore than 15 bits of data conpared to

t he ei ghtwbis®eésht data if conventional PPM was used in tiReTasnp4sSpace. WO
03/ 065301 PCT/ US02/ 41522 -20 once nmultiple pulses are allowed in a single

group, it is not proper to describe the nodulation format as PPM A nore
sui tabl e name for this new nethod is multiple pulse per group keying
(MPGK) where keying is the equivalent of 5 nodulation. There are several

i nportant possible variants of MPGK_,fhis new nmethod is defined by (1)
partitioning a data streamto be transmtted into one or nore separate
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nul tiple @dxseﬁrcam)n]geyheggr(MBGwahsret ételigngn 1@ preslet @ hy e raffer to

represent t f.or mat i Qn Qntali a e G
can va%/ e r}je1I‘?’«g:Jrﬂﬂfberr‘[%oeT Sl otssgﬁr aﬂ ?LHI@OEEQ%E gféggm%cgﬁg%ggtgl O;)gps
Al l I sl o'és oo MEGEK .havimh itso desy mdae&nndcals @@rfe@@zail byl diL)whatrkétiopiingea
anplitudes, etc. are allo nor t v s e

adj acent t&%he’ Bjﬁ%?rﬂekf %95| gafnesrgl?cot_isjé&cgﬁ}eg %n%ef neﬂggﬁcﬁéthtgt?t only
has a fi xethupleradhies¢cupi edisisiptsone, thlanerara i V&l §; , i nuktdpieal | ow for

Tor o | han GRS i OF-GRaBE (7 of  EXAnfrP RN SAGr 28 SR Be bas Pype. of
group,1d he1actmste datan orieqanddsy e ofspgroud, tsyneachrmm Zst déwigedhird,
and an eﬂggto time slots which are nominally but not necessarily
adjacent; (4) the 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
15 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.
All slots do not have to be identical (unequal slot widths,
pulse amplitudes, etc. are allowed) nor do slots have to
20 necessarily be adjacent to one another. 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. A single data message could
include more than one type of group (for example a header
25 might be one type of group, the actual data a second type
of group, synchronization a third, and an error
detection/correction might be a fourth). All of these
variants have particular usefulness in SAW RFID tags. Such
variants are all within the scope of this invention.
30 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



detection/ correction mght be a fourth). Al of these variants have
particul ar usefulness in SAWRFID tags. Such variants are all wthin the
scope of whiog/6330enti on. 30 Turning now to FIGURE 5, il | ugCraisen4iss2 an
exanpl e of one enbodi ment of the invention show ng pul se positions for a
conventional four state digital PPM In its sinplest inplenmentation, the
modul ation nmethod covered by the WO 03/065301 PCT/US02/41522 -21 present
invention uses a single pulse per group sinmilar to conventional PPM The
exanple in FIGURE 5 is a conpact reprgsentation of the allowable pul se
positions in a group wth four slots with Tmn being the tine separation
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possi bl @ poshpi NS @hréngi aghedplbscorven mbenptrbpepllyseynchronized
to the peak positions, then 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
15 noise was also present in the system, then the probability
of incorrect demodulation will be increased due to this
timing error. However, if the timing error is small, the
degradation is negligible. In principle, if the signal to
noise ratio is sufficiently small, the signal can still be
20 successfully demodulated as long as the timing error is
less than Tmin/2.

The ability to successfully distinguish between two
possible positions of a single pulse even when the pulses
are partially overlapped can be used to increase the data

25 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 will
overlap with the peaks of the neighboring pulse positions.

30 Turning now to FIGURE 6, illustrated in an example of
a allowable pulse positions with significant overlap. The
allowable pulse spacing has been reduced to one unit as

compared to the five units shown in FIGURE 5. 1In this



are partially overlapped can be used to increase the data 25 density at the
expense of signal to noise ratio sensitivity. This increase in data
density iwoaskésuved by noving the allowable pul se positi ®o3/uShDs$EsR2
together in a manner that the skirt of one allowable pulse position will
overlap with the peaks of the neighboring pulse positions. 30 Turning now
to FIGURE 6, illustrated in an exanple of a allowable pulse positions with
S|g?|f|cant overgap. TEe al | owabl e pul se spaci ng has been reduced to one
unit as conpared to the five units shewn in FIGURE 5. In this WO 03/065301
PC;I'/ UtS_02{|41522 -22 case, the slot w tQh is equal to Tm nl5 and thus
potentia represents..a.fivafq d.increase i nd hermumber ad stlehes. This
met hod foF%I SRcr eas ng &ata Eﬁnm ty Is rarely used becauseaof trﬁﬁ obvi ous
:)edutCtl Onpldteh’ﬂt&aﬂld’et@tptai@@nm@ f ifvesr- T lst | et oh gt th e g DBF TS pul se
ositions. Turning to FLGURE I at ddegdetaidehLfcy one
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with respect td ‘{%ngaoﬁ%%%ul i’é :])'z'I% :t%lﬁg‘gh i ﬁﬁl?d(?és%jil% ngﬂ)on
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al | owabl e *pt se not only has a
di ffengnt ddmaposid i  nsbyhal with the strongly overlapplng pulses

shown in FIGURE 7, it would be necessary to sample the
received signal at the peak locations of all possible pulse
positions (i.e., at all integer locations on the horizontal
axigs in FIGURE 7). As ig evident from FIGURE 7,

15 discrimination is particularly poor with respect to the
adjacent pulse positions, but this discrimination increases
for next adjacent pulse, third adjacent pulse, etc. The
present invention provides for a novel modulation format as
described herein. The allowable pulses are modified such

20 that each pulse not only has a different time position but
also an added phase step between each adjacent pulse. For
example, if a phase step of +90° is added between each
adjacent pulse, then the pulse at t = 0 (time equals zero)
might have 0°, the pulse at t =1 will have +90°, the pulse

25 at t = 2 will have +180°, the pulse at t = 3 will have
+270°, the pulse at t = 1 will have +360°, etc.

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°

30 are used in the illustrated embodiment, the odd numbered
pulses (1, 3, 5, etc.) have real parts equal to zero and
the even numbered pulses have imaginary parts equal to

Zero. A wide range of phase angles can be used, many of



al so an added phase step between each adjacent pulse. For exanple, if a
phase step of +900 is added between each adjacent pulse, then the pul se at
t =0 (tiwposmessbs zero) mght have 00, the pul se at t =PCTWiSht/432e 90",
the pulse 25 at t = 2 will have 1800, the pulse at t = 3 will have +2700,
the pulse at t = 1 wll have 3600, etc. Turning now to FI GUREs 8A and 8B,
illustrated are the real and inmaginary parts of overlapping pulses with an
added phase shift of +901. Because phase multiples of 900 30 are used in
the illustrated enmbodi ment, the odd numhered pulses (1, 3, 5, etc.) have
real parts equal to zero and the even nunbered pul ses have inmaginary parts
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Turning now to FIGURE 9, illustrated is an embodiment
of the invention where a phase increment other than 90° is
used with substantially improved discrimination between the
correct state and the neighboring states where the
15 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
between the correct state and the neighboring states for a
20 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
FIGUREs 8 and 9 have the identical approximate five-fold
25 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
(FIGUREs 8&9) the detection margin to adjacent states is
30 now 0.81 which is very similar to the more conventional PPM
which has a detection margin approaching unity.
In another embodiment of the present invention, pulse

modulation can be characterized by simultaneously shifting



illustrate the substantially inproved discrimnation between the correct
state and the neighboring states for a 20 wi de variety of phase angl es.

Even norewomposzant, FIGURE 9 illustrates a dranmatic i npPOTArse#152%
conpared to the identical allowed pulse spacing wthout phase shifts as
was illustrated earlier in FIGURE 7. The cases of FIGURE 7 and FlIGUREs 8

and 9 have the identical approximate five-fold 25 inprovenent in the nunber
of states as conpared to the nore conventional PPMw th allowabl e pul se
spacing of Tmn. But, wthout the phasge-shifts (FIGURE 7) the detection
mnimummargin is only 0.067 while, with the phase shifts (FlIGUREs 8&9)
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to be transphitednietl |®Paiddhi Al NG LY e QlopDrer SORATASsSAP! e
val ues; (2) at |least one pulse I's used to transmt a given sanple val ue;
(3) théOat ihwestione pulse is transnitted in

In this embodiment, a data stream to be transmitted

(1) is partitioning into one or more separate sample
values; (2) at least one pulse is used to transmit a given
sample value; (3) the at least one pulse is transmitted in

15 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
phase shift and a unique time location; and (6) the at

20 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 still be within the scope of the present invention.

25 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 example the header might be one type of group,

30 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



15 a span of time that is divided into tinme slots that are nomnally, but
not necessarily, adjacent; (4) the <collection of tinme slots conprising the
span of two®3/oesnstitutes a group of slots; (5) each sl ot Phagisez/useyue
phase shift and a unique tine location; and (6) the at 20 | east one pul se
is contained within the group of slots in a predeterm ned manner to
represent the information contained in the separate sanple val ue. G oups
can vary in the nunber of slots and/or in the nunber of occupied slots
and still be within the scope of the pygsent invention. 25 Also, a single
group can be defined such that it only has a fixed nunber of occupied
slots or, @éé@%&'é{féy 10t wifh9ht cak! owrbanea ¥RPNGHMWHEpHRfsercupi ed
slots. Also,” a single gata message coul d include nore than one type of
group (foriexemplenthe header nmight be one type of group, 30 the actual
data a second type Qo HOUPendli 3R 19 &l Cpiicaahgor {8GEROIOMOR i ght
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becausep ashdesamihed ahowmeinidmp the two type requires attention to
certain subtle details. In the MPGK case, two adjacent
slots can both be occupied because, as described above, the
skirt of one pulse does not overlap the peak of any
neighboring pulses (the same as for conventional PPM as

15 shown in FIGURE 5). However, if two adjacent or closely
neighboring slots were allowed to Dbe simultaneously
occupied when using strongly overlapping pulses (as in
FIGURE 7), the potential for strong inter-symbol
interference would exist between pulses and could result in

20 almost total cancellation Dbetween the two where a
significant phase shift between pulses is present (e.g.,
FIGUREs 8 and 9). This potential interference must be
addressed 1if the MPGK modulation method 1is to Dbe
successfully combined with the PTSK method.

25 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

30 waveform any two actual pulses included in that waveform
must always have a minimum spacing greater than Tmin.
Turning to FIGURE 10, illustrated is an embodiment of a

minimum pulse spacing rule that allows using MPGK along



skirt of one pul se does not overlap the peak of any neighboring pul ses
(the sane as for conventional PPMas 15 shown in FIGURE 5). However, if two
adj acent wp osloessel y nei ghboring slots were all owed to bePsirmsoy/ansenusl| y
occupi ed when using strongly overlapping pulses (as in FIGJRE 7), the
potential for strong inter-synbol interference would exi st between pul ses
and could result in 20 alnost total cancellation between the two where a
significant phase shift between pulses is present (e.g., FIGJUREs 8 and 9)
This potential interference nust be,caddressed if the MPGK nodul ation
method is to be successfully conbinea with the PTSK nethod. 25 A primary
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then a gkip fadQiaran be defigeed dkiat factors can be used and could
be beneficial in certain cases (for example in operating
environments with strong outside interference). Somewhat
smaller skip factors could also be beneficial in other
cases but it appears that assuring a minimum spacing equal
15 to Tmin will 1likely be the best choice in most
circumstances.

Another method for solving the potential interference
problem of two adjacent slots being occupied when PTSK is
combined with MPGK is based on the orthogonality between

20 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
adjacent slots. 1In this case, all odd numbered slots are

25 totally independent of all even numbered slots. However,
a pulse can still interfere with its ond - 4th - gtR o etc.
nearest neighbors if the spacing of these neighbors is
closer than Tmin. In this special “orthogonal nearest
neighbor” case, a useful method for analyzing the options

30 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.
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PTSK contiufdidiith RPGREFRSgdifer &Py “char ac grleze%%by a_ significant

overl ap betwaere dhen @l sffed s ndighhen rgiss ohen Usringnpyleest khat
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However | tkpﬁg\?en ggggg%li\éggtf ro%nénglg% 5WJ?€1’I1| 'n%&gﬂ%%%&h&t ions of PESK-and MPGK.

10 thig method combines the characteristics of two embodiments

previously described in can appropriately be called
MPG/PTSK (i.e., combined multi-pulse groups with
simultaneous phase and time shift keying) .
Even more data can be encoded if pulse amplitude
15 modulation ig also used in combination with MPG, PTSK, PPM,
or MBG/PTSK. It is apparent to those of ordinary skill in
the pertinent art that the invention described herein is
intended to cover embodiments that include pulse amplitude
modulation, whether used alone or in combination with any
20 other modulation method.

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
factor of four. This is an example of a single group where

25 a SAW RFID tag has three reflectors per group, with 21
slots per group, a skip factor of £four, and a phase
increment between adjacent slots ranging from 75° to 105°.
The phase increment between adjacent slots ig the same as
was described earlier in conjunction with FIGUREs 8 and 9.

30 The five-fold overlap between neighboring pulses required
a gkip factor of four. It is evident that 286 states are
sufficient to encode the 256 states that correspond to 8

bits of data. This particular variant has a group size



conmbi nation of PTSK and MPCK shoul d consider the need for providing a
nmeans to avoid the potential inter-synbol interference effects that may
ari se whewouwsioeggopul ses that have significant overlap w PoTASOY52 | ng
slots. Since 10 this method conmbines the characteristics of two enbodi ments
previ ously described in can appropriately be called MG PTSK (i.e.,

conbi ned nul ti-pul se groups with sinultaneous phase and tine shift

keying). Even nore data can be encoded if pulse anplitude 15 nodulation is

al so used in conbination with MPG PISK, PPM or MBG PTSK. It is apparent
to those of ordinary skill in the pertinent art that the invention
described herein is . Jat 1R ICQer RMThadi RN Srihed inchuCerRpUA Se

anpl i tude thf%duﬁsatalsltr)nr%sr%mﬁe %etrl use3: al one or in_conbination wth any 20
ot her moduwtiatt arheresdroe. nTubaicngincletdo FHEURE HPWeVPFustitath?f | §%] tabl e

show ng the 286 ssi bl e _st.at h h$t ywhenthbeeegawebbectetsrare used
in a grouﬁ“ao-lforzf%&a&t%g%asvﬁ%g%zlatgk?% %}‘%zt gr of four. This is an exanple of
a singl e groitpathes® ZFbua, SANRFEECORG, hds the edepef | BEBREIRYE gFBup, with

21 slaots per grau a .ski.p fact - agp@sss LAstensatnhbet ween
ad; ace(r)rﬁ §FCBTE“§°% gtr‘?%mf’dmfsrsolrﬁ%%l%%o%js .uéﬁl'%e phase i ner enent l[)]gt,ween
adj acent shatisi igmtthes sgnel as ramesiigeson b eethiesr DWW RDNFUREELBA with

FI GURES 892@@ 9. 30 The five-fold overlap between nei ghboring pul ses
required eF(‘?tpsw‘actor of four. It is evident that 286 states are
sufficient to engasiend heo?56tst AIEWRFhat2 corildsstmgtiesl 8isbig staPlgat a.
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nunber; ®f €t pedidss Hade\ss , pobshhet wllacements. This table was

. taken from a situation where the SAW RFID tag had four

reflectors per group, 20 slots per group and a skip factor

of three and a phase increment between adjacent slots of

plus or minus 90°, where the group ig divided into two sub-

15 groups. 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

20 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

25 1is 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 general
sensitivity to pulse smearing effects.

Turning now to FIGURE 13, illustrated is a table

30 showing one sub-group of states from a SAW RFID tag with

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

factor of three, a phase increment between adjacent slots

+90° with division into two sub-groups and only one



maj or advantages in that it only uses three SAWreflectors instead of
four, and second, it is | ess susceptible to 5 comon transm ssion

di storti owoeBfesbs such as short-path nmulti-path signal Pcanso/sseon and
ot her pul se snearing effects. Turning now to FIGURE 12, illustrated is a
table showing the states for a SAWRFID tag with 10 slots, two 10
reflectors and 36 possible placements. This table was taken froma
situation where the SAWRFID tag had four reflectors per group, 20 slots
per group and a skip factor of three,gnd a phase increnent between

adj acent slots of plus or mnus 900, where the group is divided into two

sub 15 groups.  _This el @i te sl 8kt grble . preMigusabexansl e in
whi ch fourregﬁﬁsetc;gr?(ﬁ op %rsgghsts %gg élLrep I Vi dgdr gﬁt ogt'wo sub- Eriou smgf ten

?'h"tts gf‘C'f-?CEaChhSE@Wscmaleréat ethieh haerg M S9GT1 T aBE8FSof one.
e table gives the stat :
20 differ e%@é:eoseta\%ehféte @ﬁaﬁocﬁ{ff@ém%ﬁ% b U -JTuprukrgieupiotbe only

. i sTéexanple an e previously exanple is_that the
two i n- phagelr eflent csacl Huld-gidum dredea otkipi £aekot hel sahe- si §R18r of

por subs gPRLF e o SOt oPpadEeRt e IR K EReh Behien 25 o
Pﬁf Lerexghaln tgtra[erei g«lgtsu_agi tembiod itleatpr evf oushexariventiies, dikkelvaffiges of
R LR R LS g Lo b o
to Fl GURE 3,2 idiiusdeaitad iicataohabhg 280 dhoviay dmusidy: qhedp 16f aét at es
Lp % aerkaser ¢ el Bleahfhol oot SR REARTRaliald: RDRigkacekigroue: o
di vi siof i fbL3d WaiStingy eupawandennli ¥ioaeiv® 08406530 If RET/OISOH'Y P22
slote and an encoded number that is at least 32 bits long.
In yet still another embodiment of the invention, the SAW
identification tag has twelve groups of slots and encodes
a number at least 64 bits long. Those skilled in the
15 pertinent art will understand that, regardless of the
number of groups, slots or the bit length of a number that
can be encoded on a SAW identification tag, any embodiment
of a SAW identification reader of the type described herein
is within the intended scope of the present invention.
20 The  present invention has introduced a  SAW
identification tag reader for use with SAW identification
tags upon which can be encoded substantial data, largely
because a signal can be returned having an encoded number
using both phase position and pulse position modulation.
295 This dramatically increased data carrying capacity permits
SAW identification tags to each have a globally unique
number encoded thereon. Because a globally unique number
can be encoded on them, SAW identification tags can be used
to reliably identify and track an unprecedented number of
30 unique objects. In one embodiment, the SAW identification
tag number contains data pertaining to an object associated
with the number. This permits, for example, a centralized

number allocation authority to assign a group of numbers to



-29 reflector of each specific phase per group. This table is fromthe
previ ous exanple in which four distinct phase states are used that divide
into two wWomgeBaps of 10 slots each where each sub-groupcChasoza4ski p
factor of one. Only 5 one reflector of each specific phase is used in each
group. In one enbodi nent of the invention, the SAW identification tag
reader detects a return signal generated by a SAWidentification tag and
decodes a nunber that is at |east eight bits long. In still another

enbodi ment, the 10 reader decodes a SAYLidentification tag with four groups
of slots and an encoded nunber that 1s at least 32 bits long. In yet

f&g:beagf%ﬂ%re% Qe T%ﬁh.ggga@% RNt hani nthet 8AWahdantibtheat saoht ag has

Sl ot'S an codes a nuntl)er at [ east 64 blts Iong Those
skilled i muirerts tpespenefit capppii ¢at ipd et iEmn t1hat indystdVessTof the

nunber of grour sl o 5 ﬁét}r{)er@}} | epgt @}g{mﬂ@unggr diBdcatean bglencoded

on a SAW i caetl on ‘nbodi nent of SAW i dentification reader
of the typﬂmdaeﬂtsr mﬂ)mi:d”letﬂ'm rthmsi winchifeurid dﬁﬂéﬁ@e&r&@pélﬁﬁ 2RhE Bresent

i nvention. 20 Th resent V t| ntyeduecgdna 2AWqn degt-thiegat i on
tag reater¥or use Wi taHtQ §§nt.‘?. catl% K ags ulaon whi ch can be encoded
subst ant i aluntadss fcdrigeting lnéxea;ﬁséth sughal 2an e vt FEredlersd A§Yan

encoded gé{ﬁ) u5| Eg boélggpshas% R9S1 L,0MaRdk Pul S& PR Ly mggv,\(/j@h@ti on. 25

This dra Fat’a carrying capacity permts
i dentifi caetmgﬁnd}:@glse timdrathrhawayaoyl eballilayvm @&A%GM@H§%é@W her eon.

Cdont {1 odtion LEEYS 1EAR bePledy SRR reRTIR ISl £ S ot Cr NCK an®
unpr eceglend@sbrsder nete 3R, uphguehabj acnsnel ﬁomn@herrb@dmtﬁeﬁtlgltth@nsiAW
dentification fag pumher conbaigs Joif ReTALAlE 4@ AN MRALRSOC ated
with the automotive industry.
In another embodiment of the invention, the SAW
identification tag number includes an error detection

15 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 of the present invention.

Tn still another embodiment of the invention, the SAW

20 identification tag reader uses an interrogation signal with
a frequency of between two and three gigahertz. A
particularly advantageous application of this embodiment
provides for the SAW identification tag reader to use a
2.45 gigahertz frequency.

25 Turning now to FIGUREs 14A-1471, illustrated are
various embodiments of SAW identification tag readers
constructed in accordance with the present invention.
FIGURE 14A illustrates a gide panel reader 1410 that can be
installed, for example, in a turnstile admitting patrons to

. 30 a sporting event or in side panels to warehouse doors. The
side panel reader 1410 can then read the SAW identification
tag number on a SAW identification tag embedded in or

associated with an admission ticket to determine the



with the nunber. This permts, for exanple, a centralized nunber
allocation authority to assign a group of nunbers to WO 03/065301

PCT/ USO2/w0923/86536B0 a specific industry so that the indus®cy/usan4bi ocate
such nunbers to specific applications within that industry. The

autonotive industry may, for exanple, be allocated all nunbers where the
third and fourth digits are a nine and a 5 one. The autonobile industry can
then assign further nunbers following the f if th nunber as its own
standards may dictate. Regardl ess of ;how the nunmbers are assigned by the
aut onobi | e i ndustry, any object having a SAWi dentification tag identified

by a SAWI dent., f| catl re - flbﬁﬂl I8+ Ndepdatihas a ni ne
for the tFﬁaﬁ&d(}l | £ and p%g'ggﬁe%dgl t]ﬁét fourt h digit r\%?l | be }'It)dentl fied as
associ at edargiot tot ﬂtee@utmanfﬂﬂ 273 mh@us:pmenltﬁ ghoth¥preRpydFcrent of the

t th t
| venti on. the :SAlical 0881111 SatLoncL ag duutherchcludesoagperepridetect | on

15 portion. por urther be capable of error
correcti Ofdlr0 mtstbeaatlsnmbnekw@tlom whteng swacsr psehdeiéet £bR BFe

correction is n uired.in the broad sc the gLeseulaveation. In
still anotfere egFenF 8‘[3 theéd |n\V/"gn i%oné QB(}g%%W 2% i dent |uf| cation tag
reader usassprciiraategat For sm@m@IlevM ghshelfr sgadatycen bet WeeA o and

(rnee, LB, 8 PRLLLEUL P Ly afuaTiageys ) (oo KR! phbigns

gi gahert z dinequencyh aasauuiatag mtndesmaﬁgsaumlnags. | | U5t FBERE are

ccor danc@aAAeT LHE BrESoRE IS o, “HrCURE T4k TSt Fares & o5 de pane

readen gl4t datagamebaised to monitor different areas, such as a
gsecurity system where nodes 1425 are used to monitor
multiple doors but a single reader 1420 can be used at a
centralized location.

FIGURE 14C illustrates a doorway reader 1430. A

15 doorway reader 1430 can be installed in a number of
locations. One such location would be in a workplace
setting where only certain employees are permitted to
access certain locations. The doorway reader 1430 could be
used to monitor such a location Dby reading SAW

20 identification tags embedded in identification badges worn
by such employees.

FIQURE 14D illustrates a roadway reader 1440. Such a
reader 1440 would be useful if SAW identification tags were
associated with vehicle license plates. A roadway reader

25 1440 could then be installed in appropriate locations and
used for such things as traffic counts. A roadway reader
1440 could also be used for toll collection in a manner
similar to the way toll tags are currently being used.

FIGURE 14E illustrates short range hand-held reader

30 1450 useful for a number of applications such as, for
example, conducting inventory or part counts. An

inexpensive short range hand-held reader 1450 would also be



installed, for exanple, in a turnstile admtting patrons to 30 a sporting
event or in side panels to warehouse doors. The side panel reader 1410 can
t hen readwOhe/0&AWY i dentification tag nunmber on a SAW i demCirfusoasison t ag
enbedded in or associated with an adm ssion ticket to determ ne the WO
03/ 065301 PCT/ US02/ 41522 -31 validity of a patron's ticket or in arriving
or departing cargo to keep track of the contents of a warehouse. FI GURE
14B illustrates a shelf reader 1420 appropriate for installation in

| ocations where space prohibits the usg_ 5 of a larger reader or where a

| arger reader would be inappropriate. For exanple, a shelf reader can be
used in a dqctor:. s offj t usg 1 bhasksebmpald acdepfil es

W th assoE?ﬁ%@g §%ﬁ@i%eh§ﬁ?i%gﬁ?g%&{ag§¥§%¥£%§§? neager 1420 nayEEave
several nedeskl4Z5gzocemaesenbordsdeborbs14201e86thELlE8ed®ES - noni t or

different areas, couen.as 9113REUAIY SYSIEM Wisise nodies H4RE sewescd (o

nmonitor nulti rs but a single rea 1420 can be used at a
central i zedeloqcatduh & GeREeRATAED| wotuldt & asgdforlnwdina@addie 143° A 15

doorway reader. 1430 can i nst al Led _jn_a.numier.,of, Jqcatdens, £ve such
Iocati%n ﬁ@ﬁﬁélﬂéﬁrg%ivéiﬁ% a%% ége?kﬁﬁgtﬁhg?gmbnfy certain enpl oyees are
perni t t ed dx@mpaeGesse aasddiny oW oidentTiEl coviamytaaderat430) @8kl d be

used to monitor suych a_l ocation by r. i SAW 20 identification tags
embedded ﬁﬁqqﬂﬁﬂiﬁq(ﬁﬂhﬁﬁ?ﬁ§§3§e§xﬂgﬁﬁg' V''such enpl oyees. Fl GURE 14D

illustrates a ey eadanubé4@eSuehlangr sadee fdxedwsapdebeltd@ful if
oaduay r ERIBCEELSE T ot BT O st o | BHTR Loet oerr at oo odas one and

10 reader 1470 would be appropriate for installation on an
assembly line to identify parts and track parts, for
example.

FIGURE 14H illustrates a wand reader 1480. Such a
reader 1480 can be usefully employed to identify items that

15 are obscured or can not be reached by any other reader
type. It could be used to identify, for example, a part
located within a machine that could not otherwise be
identified without disassembling the entire machine such as
an airplane part.

20 FIGURE 14T illustrates a fingertip reader 1490. Such
a reader 1490 can be useful to workers for identifying work
piece items. It could also be usefully employed on a pick
and place assembly machine to identify parts.

There are a number of different businesses that have

25 a need for identifying specific objects with particularity
that will find some embodiment of the present invention
useful. It is intended that all SAW identification tag
readers, whether described herein or not and whether now
known or subsequently discovered, be within the scope of

30 the present invention. In short, regardless of reader
differences or differences in SAW identification tag
design, those skilled in the art will understand that the

intended scope of the present invention covers all



used for such things as traffic counts. A roadway reader 1440 could al so
be used for toll collection in a manner simlar to the way toll tags are
current| ywbeste3osed. FlI GURE 14E illustrates short range Iremdrshzbd2z eader
30 1450 useful for a nunber of applications such as, for exanple,
conducting inventory or part counts. An inexpensive short range hand-held
reader 1450 woul d al so be WD 03/ 065301 PCT/ US02/ 41522 -32 useful for a
hone SAWtag identification systemto keep track of groceries, tools,
books, collectibles, etc. FIGURE 14E,i5llustrates a |ong range hand-held
reader 1460. Such a reader 1460 woul d be useful where the user 5 could not

get close to .an obj.ect.  Such a coyl f: Qo | e; r eadgBgsa SAW

i denti fi cdtd qgﬁ%%ﬁ?%ﬁloﬁﬁ%ctgéﬁhcagg nﬁﬁggcﬁgﬁgggougagﬁvironnent. FI GURE
14G i | | ustd@aissractahginangedideader eaddr thZ0 PTisSHiddEsat el of orth
installation in a fixed |location. Such a 10 reader 1470 woul d be
appropHaﬂQ???ﬁninstallation on an assenbly line to identify parts_and

track parts, forurexenphew FtGUREGUREB il$uspﬁkhw§$¥?§ﬁ§hdiﬁeéﬁeP19§§0. Such
Sbscur et ST ARG G TRabib B Sy RGP ohder ity peor it 2eald ba used
to identifyagfesaguanpl Bheampahtd tovaerdesni whith a saehtnéteRat>édul d not
otner v se B s (Rt hobL, g eIl 1, HHESN L0k gRgage uch 2
a reader 1499nsantbedused ulextai swor ker SAWor trdeadueginglowated pidted t ens.
L ecout 0 2l 50,081 SSELHL! Y.STRLOYE RN bl of o0 RIASA s ealangmeeni ne to
10 by both pulse position and phase position. In a causing
step 1530, the SAW is caused to reflect from a number of
reflectors located on the piezoelectric substrate and
distributed among the slots thereon such that a return
signal to the transducer is generated having a number
15 encoded therein by both pulse position and phase position.
In a detecting step 1540 the reader detects the return
signal with a receiver. 1In a decoding step 1550 the reader
decodes the SAW identification tag number. The method 1500
concludes with an end step 1560. Of course, any type of
20 interrogation signal transmission that generates a response
from a SAW identification is within the scope of the
present invention. Such other types may include, without
being limited to, a second transducer on a substrate that
detects a signal and generates a return signal in response
25 thereto.
Several other embodiments of a method of operating a
SAW identification tag reader are within the intended scope
of the present invention. The descriptions of the various
embodiments of a SAW identification tag reader set forth
30 herein are sufficiently detailed so as to enable one
skilled in the pertinent art to understand and practice
such other embodiments of a method of operating a SAW

identification tag reader.



There are a nunber of different businesses that have 25 a need for
identifying specific objects with particularity that wll find sone
enbodi mrerwO®B/0633e1 present invention wuseful. It is intend@dTiusar/4ki SAW
identification tag readers, whether described herein or not and whet her
now known or subsequently discovered, be within the scope of 30 the
present invention. In short, regardless of reader differences or
differences in SAWidentification tag design, those skilled in the art

wi || understand that the intended scepe-of the present invention covers
all WO 03/065301 PCT/US02/ 41522 -33 configurations of SAWidentification
tag readers COomsirmiaie dnb am@omanae vig h thauptiratided esssel bootk

herei n. Turning now to FI GURE rated is a ck . 5d|agr of a
met hod 150 raft ng®a %R%iodie Jreru(?(iatf’ $€ T R9Thé ne %
comences Wddhta Sit@idict apgl @ hded.n ahler aBs RO Imgoswmméﬁa@s *!bth
|nterrogat|on signal is transnmtted to eéclte a SAWtransducer | ocated on

a piezoel &t UHsTR at 2P hat I1Ra3 BEQYD phef CEpBERiLFRANGREP 18589 bot h

pul se positd ofrasmPhase ROSidrcRNdeldn thaaauss NgapsbeR BXB0serhdEnd i S
caused to reflect froma nunber of reflectors |ocated on the EI ezoel ectric
substrate anfFerHEFGINR st HInG Y KECLLSt & CREr EERTNSHERSEhAPCatREL BN

signal to the piapsdusetris Jenecdi-gdchavidg aréwpder 515 sapcoded fherein by
bot h pul se position and phase position. In a detecting step 1540 the

reader det SRS EIF PukgtgRiie Biah a geewr vef. slatg ae%e@ﬁgte%p 1550
the reader ydecodesnibe é&%&ﬁﬁtpﬁw@t bBBikagnNURephdde pBLEDRd-A500

concl udes with an end step course, any type of 20 Tnterrogation
si gnal 4% arfS4 ﬁ%@etlwr@(@néﬂeﬁ%aher@%eed@@ a number of reflectors

distributed among the slots by both pulse position and
phase position. These reflectors provide a return signal
to the transducer that has a number encoded therein by both
pulse position and phase position. 1In a providing receiver

15 step 1630, a receiver for detecting a return signal and
decoding the number encoded therein is provided. The
method 1600 concludes with an end step 1640.

Several other embodiments of a method of manufacturing
a SAW identification tag reader are within the intended

20 scope of the present invention. The descriptions of the
various embodiments of a SAW identification tag reader set
forth herein are sufficiently detailed so as to enable one
skilled in the pertinent art to understand and practice
such other embodiments.

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

scope of the invention in its broadest form.



froma SAWidentification is within the scope of the present invention.
Such other types may include, without being limted to, a second

t ransducewowmn/oes3substrate that detects a signal and genePardasoza4ryser ur n
signal in response 25 thereto. Several other enbodinents of a method of
operating a SAWidentification tag reader are within the intended scope

of the present invention. The descriptions of the various enbodinents of a
SAW i dentification tag reader set forth 30 herein are sufficiently detailed
so as to enable one skilled in the pegtinent art to understand and
practice such other enbodi nents of a method of operating a SAW
identification_taqg reader 065301 PCT/ US02/ 41522 -34 Turning now to
FI GURE 16, ill &E?@héghqﬁﬁ“ﬁﬁqa g%& di agram of a nmethod 1600 of

manuf acturing a SAW identification tag reader. The nmethod 1600 conmences
with a start step 1610. In a providing transmtter step 1620, 5 a
transmtter is provided that is capable of sending an interrogation signal
to excite a SAW!rans@ueehdeocaiedtdn wavpi é28d) ectientifdbstianeted create
a SAW The piezoelectric substrate has a group of slots thereon that are
arrang&d BEasttth S 1594194 on and phase position. 10 The piezoel ectric
substrate al so hasranpuibeerof capibest ofs sehdtngbutred iatremgogheishot s by
both pul se position and phase positjon. These reerc%gEgtgaovgge return
signal t®igEk r distuc=GHAS had SMinbef2BReE8E t heFern by “both  pul se

posi tion and Phase. oS ti Qlost Fatde pr ovadiingpi ecetlectibest epbi3area
receiver for detecting a return signa

. angLP g%gﬁg\,: rlﬂs;[ he number. g% oded
therein i haviow dedroPRe o fnBLABE 25HB7IBNIY iR S5h PEhd st éh “1640.
10 phase position, and a number of reflectors distributed
among said slots such that said reflectors return to said
transducer a return signal containing a number encoded by
both pulse position and phase position; and

a receiver for detecting said return signal and

15 decoding said number.

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

phase position is in quadrature.

20
3. The SAW identification tag reader as recited in
Claim 1 further comprising a framing reflector located
between said SAW transducer and said group.
25 4. The SAW identification tag reader as recited in

Claim 1 further comprising a plurality of said groups

separated by dead spaces.

5. The SAW identification tag reader as recited in

30 Claim 1 wherein said number is at least eight bits long.



Several other enbodinents of a nethod of manufacturing a SAW
identification tag reader are within the intended 20 scope of the present
i nventi orwODheessescri pti ons of the various enbodi nents of PATEAYY/41522
identification tag reader set forth herein are sufficiently detailed so as
to enable one skilled in the pertinent art to understand and practice
such ot her enbodi nents. 25 Although the present invention has been
described in detail, those skilled in the art should understand that they
can neke various changes, substitutiqns and alterations herein w thout
departing fromthe spirit and scope of the invention in its broadest form

WO 031065301 PCITUSOR 81587 1 adpes MUT:1Sh RALMEDabS: 35 Aetiitbacenacoustic

wave (SAW identification tag reader, nprising: a transmtter capable
of sendi ngclanim 4 ewhegatiosaidigharat hey efcporesra SAWREr dfgdlic &P Wocat ed

on a piezgelectric r i ie70e]ectyi e, substrate having a group
of slots ar}%n%ael brf/&r%%% %%JF%%S%%%%%\ andbclo r%‘?]ase position, and a
nunber of reflectors distributed anong said slots such that said

refl ectors return topsal dyy L{a050NERLR10A! UED SEABBL cantaLiig arumber
t phas t d

encoded” by bo pul sé”position an e posrtion; and a receiver for

det ect i ng ®Bath retutrerssimralidapdurds idgcodi agosas di puaihdreast thed vGAW
identification tag reader as recited i i erein said reflectors
are arrang%?fgs%%%gt%i Shid P ais%a%%s?%i%l@%gi+% quadrature. 20 3. The SAW
identification tag reader as recited in

8. The SAW identification tag reader as recited in
10 Claim 1 wherein said interrogation signal has a frequency

of between two and three gigahertz.

9. The SAW identification tag reader as recited in
Claim 1 wherein said number contains data pertaining to an

15 object associated with said number.

10. The SAW identification tag reader as recited in
Claim 1 further comprising a computer associated with said
SAW identification tag reader.

20

11. The SAW identification tag reader as recited in
Claim 1 further comprising a computer network associated

with said SAW identification tag reader.



Claim1 further conprising a framng reflector |ocated between said SAW
transducer and said group. 25 4. The SAWidentification tag reader as
recited iwoodloedsm 1 further conprising a plurality of sai @Cgrusopsis22
separated by dead spaces. 5. The SAWidentification tag reader as recited
in 30 Caiml wherein said nunber is at |east eight bits long. WO

03/ 065301 PCT/ US02/ 41522 -36 6. The SAWidentification tag reader as
recited in Claim4 wherein said plurality of groups is at |east four and
said nunber is at least 32 bits long._p,7. The SAWidentification tag
reader as recited in Claim4 wherein said plurality of groups is at |east

twel ve and sai d,numhgg Eﬁwagékﬁﬂikigétgbhst%%nﬁedﬁefT@% SRAWirdentiif i cation
tag reader as recited in 10 daiml wherein Said interrogation signal has
a frequencgladf betwhemetino smidt BA¥e flgahefigatHonTHESAYERARHL i¥F cati on

tag reader recit jn [ gLeLp; 58l denunber contains data
pertainingssgegﬁgdlgggbjggglgggg igge% mﬁ%ﬁgsaFd nunmber. 10. The SAW
identification aagideageneasreedeted in Caim1l further conprising a
conput e associ ate i-t h [ SAWidentification tag reader. 20 11. The
SAW i de tificat?oﬁgFgg Fgéggg’as recited in Caim1l further conprising a
conput er networ k deseowhgt edadwirth said SAWidentification tag reader. WO

03/ 065301 PCT/ US02/ 41522 %2. The SAWidentification tag reader as

- 37
recited in O aPnf2oWEreFReS8Fd SAW i dentification tag reader is
short range hand-held reader,
long range hand-held reader,

a
a

10 a long range fixed reader,
a wand reader, and

a

fingertip reader.

13. A method of operating a surface acoustic wave

15 (SAW) identification tag reader, comprising:

transmitting an interrogation signal to excite a SAW
transducer located on a piezoelectric substrate to create
a SAW, said piezoelectric substrate having a group of slots
arranged by both pulse position and phase position;

20 causing said SAW to reflect from a number of
reflectors located on said piezoelectric substrate, said
number of reflectors distributed among said slots such that
said reflector return to said transducer a return signal
containing a number encoded by both pulse position and

25 phase position;

detecting said return signal with a receiver; and

decoding said number.

14. The method as recited in Claim 13 wherein said
30 reflectors are arranged such that said phase position is in

quadrature.



selected fromthe group consisting of: a side panel reader, 5 a shelf
reader, a doorway reader, a roadway reader, a short range hand-held
reader, WwOloongs3nange hand-hel d reader, 10 a |ong range fPCcrator/esader, a
wand reader, and a fingertip reader. 13. A nethod of operating a surface
acoustic wave 15 (SAW identification tag reader, conprising: transmtting
an interrogation signal to excite a SAW transducer |ocated on a

pi ezoel ectric substrate to create a SAW said piezoelectric substrate
having a group of slots arranged by _bgth pulse position and phase
position; 20 causing said SAWto reflect froma nunber of reflectors

| ocated on said_piezgel ectric ;substratg, sai dinnuabglmof 15 ef feetioss
di stributed angﬁg sggﬁ sﬁgF?%QUCﬁgthgt ILsaid %gflector return to, said

t r ansducerccaprdisitg ségnaingcaatia nBAY dquirbéreehic ofied by bbT A P se
position an 2 hase position; tect| i d Nosi da Wsibhaa

recei ver; & eé&%%gf%%gE%?dQ%ﬁﬁéﬁﬁ %%%&%ﬁ%ﬁte%%%%gggcftg??id in Caim1l3
wher ei n sajx@bupl0 reflectors are arranged such that said phase position is
in quadrature. WO 03/065301 PCT/US02/ 41522 -38 15. The nethod as recited
in Cai"m 13 further conprising causing said SAWto reflect froma fram ng
refl ector |ocatier bemseemesdicl SAW t ransdeder iandCdaia 13 further

comprising a plurality of said groups separated by dead

spaces.

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

number is at least eight bits long.

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

15 least 32 bits long.

19. The method as recited in Claim 16 wherein said
plurality of groups is at least twelve and said number is
at least 64 bits long.

20

20. The method as recited in Claim 13 wherein said

SAW has a frequency of between two and three gigahertz.

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

with said number.

29. The method as recited in Claim 13 further
comprising associating a  computer with said  SAW

30 identification tag reader.



group. 5 16. The nethod as recited in Claim13 further conprising a
plurality of said groups separated by dead spaces. 10 17. The nethod as
recited iwo@Bas33nL3 wherein said nunber is at |east eightrChiuss24Bay. 18.
The nethod as recited in Caim16 wherein said plurality of groups is at

| east four and said nunber is at 15 least 32 bits long. 19. The nmethod as
recited in Caim116 wherein said plurality of groups is at |east twelve
and said nunber is at least 64 bits long. 20 20. The nethod as recited in
Claim 13 wherein said SAWhas a frequgncy of between two and three
gigahertz. 21. The nethod as recited in Caim13 wherein said 25 nunber
contains data pggtai g LorRHqobject-assacd ated widin said muderer 22. The
method as recited in Claim 13 further conprising assocjating,a conputer
with sai d SAWTrisingeasisocdiation thgCPEaderT WOLYSrd6s3HAR Pé%l%s@é*/ 11522
-39 23. Th .recited,) aim 13 further conprising associating a
conput er n§?§§§E9€f?ﬁl§§igg Aﬁ?g?%%ntification tag reader. 5 24. The net hod
as recited in Claim13 wherein said SAWidentification tag reader is

sel ected fromthe greyp £eASkSHNG it SiglecPang! 15eatRivei? SRl f

reader,
SAW identification tag reader is selected from the group

consisting of:

a side panel reader,
shelf reader,
10 doorway reader,
roadway reader,
short range hand-held reader,
long range hand-held reader,
long range fixed reader,

15 wand reader, and

O 0 9 9 9 o D

fingertip reader.



10 a doorway reader, a roadway reader, a short range hand-held reader, a
| ong range hand-held reader, a long range fixed reader, 15 a wand reader,
and a fiwQesssor eader. WD 03/ 065301 PCT/ US02/ 41522 - 40 peS/ushe/sesehod of
manuf acturing a surface acoustic wave (SAW identification tag reader,

conprising: providing a transmtter capable of sending an

i nterrogation

signal that excites a SAWtransducer |ocated 5 on a piezoelectric
substrate to create a SAW said piezoelectric substrate having a group of

slots arranged by both pul se positiongzgnd phase position,

and a nunber of

reflectors distributed anong said slots such that said reflectors return
to said transduger aprgbuhBdShINMnd Lot idingud rRidebatcanesdedaty both
pul se position and phase position; and providing a receiver for detecting
sai d ret ur S&Mgnarenaid igesdorngagargangmpe FOTPS 126 19Fhe met hod as recited
'n Galm25 whepeblsabd 10| erkots; 8o arbapasdesudy t Nanaaidl paase
position is in “quadratare. 27. The method as recited in Caim?25 further
20 conpri siimgefrsrgpigon Biamedgthet| exroEcpetwBl EupESSAPETt +aR3EBEer and

sai d gr%UpE?Pﬁ?% Theg tefie_@&'ﬁcf eciibed hped gbm 25.LuEt her sgRnprisiag

formng a ity of said groups separate

by 25 dead spaces. 29. The

met hod as péeizoed ecrdicasmbgsraker baringial group of slots arranged by

both pulse position and phase position, and a number of

reflectors distributed among said slots such that said

reflectors return to said transducer a return signal

10 containing a number encoded by both pulse position and

phase posgition; and

providing a receiver for detecting said return signal

and decoding said number.

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

reflectors are arranged such that said phase position is in

guadrature.

27. The method as recited in Claim 25

further

20 comprising forming a framing reflector between said SAW

transducer and said group.

28. The method as recited 1in Claim 25

further

comprising forming a plurality of said groups separated by

25 dead spaces.

29. The method as recited in Claim 25 wherein said

number is at least eight bits long.

30 30. The method as recited in Claim 28 wherein said

plurality of groups is at least four and said number is at

least 32 bits long.



nunber is at |east eight bits long. 30 30. The nethod as recited in Claim
28 wherein said plurality of groups is at |east four and said nunber is at
| east 32 wotes/obsng. WO 03/ 065301 PCT/ US02/ 41522 -41 31. Tha/user/hse? as
recited in Claim28 wherein said plurality of groups is at |east twelve
and said nunber is at least 64 bits long. 5 32. The nmethod as recited in
Claim25 wherein said SAWhas a frequency of between two and three
gigahertz. 33. The method as recited in Caim25 wherein said nunber
contains data pertaining to an object_-agsociated 10 with said nunber. 34.
The nethod as recited in Caim25 wherein said SAWidentification tag
reader is selected fram rRkePOW:s €oAbtsdi i ofiaiddb 28 sitdergpanesaidader,
a shelf reader, _a doorway reader, a _roadway reader,_a short range,

hand- hel d Péddert1ty20fadreNgsr dfgéthdfidatel ek 221 n@u‘Fl%ﬁgeleixed
reader, a wendekgaden, pband 1anhi.ngertip reader.

5 32. The method as recited in Claim 25 wherein said

SAW has a frequency of between two and three gigahertz.

33. The method as recited in Claim 25 wherein said
number containg data pertaining to an object associated

10 with said number.

34. The method as recited in Claim 25 wherein said
SAW identification tag reader is selected from the group
consisting of:
15 a side panel reader,
a shelf reader,
doorway reader,
roadway reader,
short range hand-held reader,
20 long range hand-held reader,

long range fixed reader,

wand reader, and

@ 9 9 o o O W

fingertip reader.



