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| 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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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 available 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 15 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
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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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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
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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

i nventi@n, ;14 ieader ; drs Used bRk ansMeby RehbRgAb0BLEkgRdhg hAa and
detect WO 03/065301 PCT/US02/ 41522 -8 and decode return signalS from a

SAW i dent i fiegetfiagt Wdgd wivdiee FafPect ork? ar®qar calped smdh t Ree s8R phase
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



Anot her enbodi nent provides for a SAWidentification tag 10 reader for use
wth SAWidentification tags that have a plurality of groups separated by
dead spacwe.03f6538ti || anot her enbodi ment, the SAW I denti fPCTatSODMISLAQ
reader can read a SAWidentification tag that has at |east four groups
and encodes a nunber that is at least 32 bits long. In yet 15 another
enbodi nent, the SAWidentification tag reader can read a SAW
identification tag that has at |east twelve groups and encodes a nunber
that is at |least 64 bits long. A partigularly useful enbodi ment provides
for a SAW identification tag reader that uses an interrogation signal 20

that has a[Jequency pbohebwesBnkie adn,Neesmt UphehtLeidapaohi cubar |y

advant ageous” application o i's enbodi nent provides for a 2.45.gi gahert z
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obj ect For exanple, a certain predeterm ned bl ock of SAW identification
tag nurmberd Téh be associated with beef 30 cattle while another block can
be associ at ed it honautohobifnenpactfs . tiEhepxag4mt yinyeRREOBAW RGP i cati on

tag reader, is _enhanced hy a iaen b Ve o ddhatod sakur t her
WO 03/ 065381€ 15%"2]/%3?29 %e%@%onﬁrgﬁs%agj(%é%}? ng a clongqt erO as?%gi at ed
with it. Anedheencadpect ofuribeer itlvant ienats ¥apsthepigbhpriised 1M %havi ng

nvent | on Srechpaceeeoa iEle BREN SR AN B TR P At ron ey regder
enbodi n@nt eaddr afoenhed nentht PAW identification 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



be illustrated and described, the SAWidentification tag reader is

sel ected fromthe group consisting of a side panel reader, a shelf reader,
a door waywp@awgeypl a r oadway reader, a short range hand- helcd/usezadse? a | ong
range hand 10 hel d 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 nmay better understand the detailed 15 description of the invention
that follows. Additional features of_4he invention will be described
hereinafter that formthe subject of the clains of the invention. Those

skilled inobie acly 880HLY; ARPL GGhiler dihalodditacdn wireadtl y Asethée
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di scl osed "Concéption an cific 20 enbodi nent as a basis for designing or
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present | G100 5 skl kLed kRobhgrant wikaukdeahgatetenttwerkhat such
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presené ce Is now nade to the following 5 descriptions
taken in @enjilicistoraved hatdedasconpadyi rdpe AN Dt FlGRE PR FREURE 1
illustrates i sonetri.c side vj a ]Qgggagg hand| hng Fachi gegthat is
present ed & e%%nﬁ@&egiegaﬁ%gj og%ﬁeﬁ{ oF a SAW T dentification tag
reader 1@Qaeslistramded, ia stoclf dosedeni th dberprEesentdenvent FBRIWERYGURE 2

11 ustrat el;se:—,\adebll ,OCak scHoai%r a:f:rgnogfe %%n%q%%qidn%%der, a 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.



of a SAWidentification tag reader constructed in accordance with the
present invention; FIGURE 3 illustrates a plan view of an enbodi nent of 15
a SAW i dewDioBioesabi on tag with an antenna configured to pPoTiu$e2/asert urn
signal with a specific nunber encoding therein by both pul se position and
phase position; FIGURE 4 illustrates an exanple of digital PPM show ng

four positions of a time span for transmtting data using 20 conventional

PPM FIGURE 5 illustrates an exanpl e of one enbodi nent of the invention
show ng pul se positions for a conventihgnal four state digital PPM FIGURE
6 illustrates an exanple of allowable pulse 25 positions with significant

overlap; FIGURE 7 ill T BRE Gy | SF Of m@NSRAFDGEE ment of  pul ses with
a five-fold increase ?§£¥ﬁ%eﬁﬁé er§%§ states that has a limted detection

margin; FIGURES 8A and 8B illustrate the real and imaginary 30 parts of
over |l appi ng pulses with an add as L s 1590, £ FLARE Qe kEhHSt M at es
&%nfhg‘iﬂggﬁt'é%ﬁﬁi Snagkgkaﬂhlnée ] pEE

an enbodi nent ion ere a phase increnment other than 90 is
used with MO 0E5301rEEFFEIS08/ 41822nowl ]l madsst apr i aFhg | #pléo¥dng

O o) bl S BLASRY LOReherechon T ALe 00 g, ek oty shgs where
between adiffeangs aliowadictates is used; 5 FIGURE 10 illustrates an
W th PTSK R GORDRA T BIRSEERPSE el ot Brbarki®: 18561051 Bl 6 "ot ot o
that exi stpaheagd Haeiraid ecidrinarthatsed pneaegtedpas an example of
an embodiment 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



of 21 slots having a skip factor of four; 10 FIGURE 12 illustrates a table

showi ng the states for a SAWRFID tag with 10 slots, two reflectors and 36
possi bl e whaswesnt s; FI GURE 13 illustrates a tabl e show ng@Consoyuts2yr oup of
state froma SAWRFID tag with four reflectors per group, 15 20 slots per

group, a skip factor of three, a phase increnment between adjacent slots 90

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 constructeg;in accordance with the present
invention; FIGURE 15 illustrates a bl ock di agram of a nethod of operating

a SAWidentifica a iddmddratiase acdf;hhﬁ@d(t di agr am
of a met hgbl"b %an%%g‘ % gg@?u?%ﬁg dg%ﬁvh%egﬁtl%% (?ae!tl on tag reader
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FIGURE 1, illuyst rat ed | Aan r iod h\élseew&)jffeel@fgcg@g@ea%@ﬂll ng
machi ne 1682CERSE 3 |s e sen%&greésbgﬁ%ex mpl e of an enbodi nent of a SAW

i dentifi cabjerehnag, aﬂeadred stateenserusedd in accordance with the present

|nvent| on. Each Liki edy Asnlt ey 9f baggaEeml20, has
a SAW Pdent i fi f ja% ?gblsassom ated W tﬁal “Fo reli ablg identify the
d

obj ect, %ﬂs&%a@&lﬂ@ frludat |t(matt a3 1086 mesnghMPeKsalengi htndBTAKi capacity
o el 200y, LIS 50 OB SRt ALLE BB Al (bl 0B SMELe |

wi Il intergiegate thhe tagst3bhby threasmfleqipim s eﬁe@?gatﬂl 8ngsPynal ,

detect a Q%?%H.slots having a skip factor of four;

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-14T 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.



15 signal and decode the globally unique identification number that is
encoded in such return signal. SAWidentification tags 130 with sufficient
data capawptog/osssoencode a global Iy unique identificationPoummser4sedtable
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

I dentification Tag Havi ng Enhanced Data Content and Met hods of Operation
and Manufacture Thereof,"” by Hartmann, comonly assigned with the
invention and incorporated herein by;peference. 25 A baggage handling
machi ne 100 of the type illustrated could be beneficially used by an

airline or bus conpany in cgpiriR¢EHOBEYCRRP$AWN dentification tags 130
such as that described in Hartmann. Those of ordinary skill in tﬁe

pertinent art wll recognlze that several configurations of 30 baggage

handl i ng nachlgE% 100 could be fﬁgsEruq&Rﬂﬁggdl uggqus@@gggavughhﬂ t he

i ntended scope ention baggage 120 are noved
t hr ough tfi%onfeﬁ:&tiej’ s]ﬂ:Ié miea o6 nw eyayg dyee tharmuaa tmamkstmet 18P, 15Ba%D

03/ 065301 PCT/ US02/ 41522 -13 trans S _an t sign each SAW
i denti 1 catd oRTEEG 156 t13at OPs FELL n?%éat eg ér?h%yé\o%%ta}édr%%gf bg A aggwlzo
Each of thei<sAW  idertidn caagomrebagy 1800 rcespomucted: hen i npeprggapeon
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baggage. 126 i 19500 ALt gh The - SOnFe)erobdl TR e K rnaC R
identifd cafi gAnwt aRekA0 fiivascion 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



position where it can be read by the reader 110. In some cases, however
the SAWidentification tag 130 will be located in a position where the 1
baggage 10 oso6sbi t ut es an 15 obstacl e between the SAW I desTidSoratseon t ag
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 wll be so
thick or made 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 nmachine 100 provides forig_back up proxinmty SAW ’
identification tag reader 170. The proximty SAW identification tag reader

170 gener at es i_nt errogat. 'éggy <nd ©ct s apd deggdes asrEturn

si gnal fro%iasg'. ZS,F'entiIﬂ%Q??%n téb 130. The mmjor difference between
_thte st andarehtridadet 1010 tawd k3 Praoxi IR 135 FRutRFCA7O TR thelWBY the
interrogation signal.is ¢ at ) hect gdnich R iogd azetandard
reader 11 %?35ggna?£?é ra§%§%e6ﬁ2i8n§IQﬁ%h(oﬁgﬂtgﬁékgﬁﬁogyifﬁﬁgreader 110
that is prmesssed and B r énpempdatcen heigaglidoy ad Bt ™S gital t hat

is alsq radiated through t.he, air n tase,at €3 REaXH A i
_ tibgader
170, t??e &ﬁ,:d’dﬁnnggj‘sg{rba%agﬂ 15rﬁc]m% eovr“léa %?E?L?%?igﬁél%%g %ggi gltled&l nstead,

el ectric antwreagretdiaidd dlisraie. WA 032065891 PET/ Usobha1522der1418y eat ed

near the wres 175 that couples. r I t hes; 130 i
near the WSk /DAt Soual o8 LALLT OMA 480,430 conl sy  hastRg, 130 1
SAW i dent idriatdortheaguseades 1denbasyt Woewiten ¢fsbpegaged1s8 Yitthey span
the conveyor belt 140 by being |ocated between rollers 145 where two
sectlons_jQﬁ?F%QRﬁﬁﬁﬁBY” An electrical current in the wires 175 generate a
surroungli ng elm|et mogtor cargaetbaddad d180f fwil bntbe opdreete Ahethe

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



transducer on the SAWtag 130 into producing an 10 interrogation signal
when the tag 130 crosses the wires 175. A return signal is then detected
and decodwo obgeishe proximty SAWidentification tag read®cTAR02/4iFhDSe
skilled in the pertinent art will readily ascertain that a nunber of
suitabl e applications exist for using a proximty SAW15 identification tag
reader 170 of the type described, all of which are well within the

i ntended scope of the invention. After the identification nunber on a SAW
identification tag 130 associated with,a baggage 120 item is ascertai ned,
the information is transferred to a 20 conputer 180 associated with the

reader 110, Ihiy Lo TR QR .Lan e e usabias fas)didale bagdisog the
baggage 120 by,” for exanpl e, generating hqnqllng i nstructions such as
routing, lodgi mperurtdheadiagg 180 igeliny @Pximi tanGonERSuEF§® ffodi ment  of

the invention, 25t r gggi 0 Lspassnschat edsw th goeommi©ey nshwork 185.
Such a conputep%ﬁ%t3§¥%fl 1%%% be a Local Area hbtmg?k &"LAN"), a Wde

Area Net wardent MAN'S),ican tiagt readier 470 beer et WikRe LAPelRERLEH SRy
conbinatign thereof. .n ical r tor ks 1 epstlvkegener al
3[ |?: 7 Span the go}ﬁ%qgg agﬁ?gplittl% éﬁé&}y@lr@ B34 684 ep¥t ke y

30 be erver w at abase gned to perform specific
desi gnat ed-dldskss such ashemeeiwwdg, seetidtrsi ngpinupdagehesnd AR

o be. sUpf i To T he o041 0es8E FOHFOs0 47505 o 05 a8t Shaca boda T eader
110 that iduteafiogat ess amhgreads: SAlelidemuiffiicdtensn tags e¥g8Lel ntaddition
|t or  ace EARRRCSR ok as (BT ool cBtdut orS, SThor kAt ane Yot Frce
conputiey Systermoddh draps dgnabnptieer sche tag 130 crosses the wires
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



In addition to conventional interface devices, conputer networks 185 can
al so include personal digital assistants and individually addressable
vehi cl es WOI0A063301 An | AV can be any instrunent capabl e offCrarspairs2zonput er
functions 10 that is conbined with a wireless receiver and/or transmtter
and that is individually addressable. An AV could, for exanple, be used
by a baggage handler on the airport tarnmac to conmunicate with the
conputer network 185. 15 Turning nowto FIGURE 2, illustrated is a bl ock
di agram of an enbodi nent of a SAWideptification tag reader 200
constructed in accordance with the present invention. A transmtter 205 on

t he reader, 200 sen [ o] I QR oSiigna dptan$ F&£ps veslwby a SAW
transducepa%f%agﬁ a%ﬁggp%gégé%egﬁpig SUbgiragé 20 of the SMNVtag. The
i nt er r ogatiidemtexdidagsi drhet 824V LB Ansduaera@dst i chos éndie e BASFgnal 225

down the substrate 220, her eLn eggﬁyggg,igfdegghb enohhe surface
of the su6§¥m%&ﬁ§1228e%§P§§§ g?gépa%$§%léfs arranded b bothe%ulse posi tion
and 25 phasgddsidd on. dédvihoaber obuehf| edtsor s P30seRal di sEPTRUEBHES  anong

the slaots and arranged by hoth pul 0SJ, 1.4 gshhikapsto
gener at®e é("OrIgﬁstﬁ‘arF al? 246 % Sgﬁﬁége?ra és%%{gsér 151%\%%?% g n%nberSZSO

encoded t hef ehddiAioneasi veon?éftionahe intagdace0iefetedts CAEPHERHr n
(02 SO, SO0 (IR MR U BTt LR R
300 with amd anienmangbl € erddgursed oo vetovilds  YEMiNn sAgndhVwPeR a WO
e TR e A o e o,
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



one end where an antenna 305 is used to receive an interrogation signal
fromthe SAWtag reader. A SAWis 5 generated that proceeds down the
surface oWotobee8MWN tag 300 and encounters reflectors 320pParnsnyed2by bot h
pul se position and phase position so that the return signal will have a
nunber encoded therein that is uniquely associated wth the interrogated
SAWidentification tag 300. 10 Located on the surface of the SAW
identification tag 300 are one or nore groups 340 of slots 330 that are
arranged by pul se position and phase _pggsition. O course they could also
be arranged by pul se position, phase position and anplitude position and

stitl be Wl (fhg,h?rée&“&ﬁegaq ngceﬂérgintﬁsﬁ a5 Q1 JeyeRticebn Ihe nunber

of slots el r arrange I's dependent on the_ encodi ng system
bei ng useghaspardsicudan! y Eﬂbef GRW @rﬂ%&%d@a%fatwmﬁ@%ﬁﬂoﬁlﬁr 6’\’7| des for

the reflectors 320 e arr chgishat ot hgsphase, pPesiddi®R i &ni n 20
quadrature E%hosé’o orgln%ﬁy %&ﬁ%n t he pgrtlﬁent art wll understand

t hat othemnmﬁxnhg&nman(ﬁlgmmﬁlﬁvemtﬁ@@lﬁ%W e gppferent Jphake pSsiti ons
requiring dlffer ar.ran LS S t s wel |

as a slots 3 groups 0 and stil 5 wel |
within themmmteﬂﬂﬁﬂnﬁﬁn@e mbfﬂhetpmesehﬁ%nﬁﬂ#ﬂmgﬁd bYléﬁéﬂbnﬁééﬁﬁent of

th t the S dent i fi.cat t t 300
nat  have STt AT I GO0 To0s SR eraeen et FARE e et 310, and

the group B4 of shmMber 38AcoGudhtheteani hjaB0ipetindégued y356segaabedr egar ded
Fag 1 eader vt EAT oA GRFEETTRG o BOHBHS et 1) 5 T5h aber . In anot her
enbodi pent an ensk#edd esh othd6Buir§abecafetdhenShie 18anttidg OAD108/ 65301
PCWLEmZ/%%ggZare 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



-17 300 after the group 340 or groups 340 of slots 330. The end reflector
360 together with the framng reflector 350, serve to frame a return

si gnal fowotobee8MW i dentification tag reader to decode. TPha/usht/user at ed
enbodi mrent al so 5 shows a dead space 370 separating each 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 enceoded therein, it is helpful to

consi der relevant signal nodul ation nethods. In conventional pulse

position dulatio P rea anshe ¢eded Jay diaw di nghét into
separate ggﬁpﬁg%fh ﬁggfﬁ%%Fg)gﬁéﬁng%esng%e I's used to 15 transmit

i nf or mat | emdcarttiicntdri 368 SegpEberCwanbi hhet hzamingerpbietioh 990t hat

si ngl e pul se over redet erm i SEAWEeSaLR: f apsM dnt he

i nformati &FEIT ﬁ_‘r?a?flp Ihpt €° Iél nglséf%ui sceléso% n@%absequent tinme spans are
similarly tesedréadér ansm dedodeor matTon ihlvabsagaénterhmdinent202yaP ues.

Turning now to FIGJRE.4, il lustrat ' n exampl e ebupdigictal PRMsshow ng
f our p%ls@ t$o ?agfSQaFFnéggpéﬁgxaﬁgggxﬁata Call be transmitted using
convent i oRladPPMpade Glios cakedlet heosanpkeeseaby t tanshhet eBreseHEgi t al
and has 25 one of four .possible values. S r ur, Rpsskhl-esswavef or ms
whi ch consisteB Hbni rcfﬁfrlpfﬁsi dent isgﬁar;%ﬁ:r?gl 933‘[[}?%6%%\,3 Sr s whose time
posi ti ons iGaeheneidleriatdrfearmaef. four tinme locations or pul se

naur e that 30 Sk FRLETHhe Dot HOBITAe Boor vy Srerars S0enti iy
zero atp t heawealy ofocarydsehectetupnl segnsl Trhat Eveceuusdgue number
encoded therein, it is helpful to consider relevant gignal
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
waveforms which consist of nominally identical single pulse
waveforms whose time positions can be centered in one of
four time locations or pulse positions. The minimum time
spacing required between pulse positions to ensure that

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



pul se spacing wider than Tm n can be used without affecting the ability to
dempdul ate a PPM signal, however, if pulses WO 03/065301 PCT/US02/41522

- 18 posi twong/oeisel spaced nore closely than Tmin, it beconesT/usoz/eise fficult
to unanbi guously distinguish one pulse position fromits neighbor. Using a
reader to sanpling the PPMwaveformat each of the four possible peak
pul se 5 positions and selecting the largest one results in the

dermodul ation of conventional PPM It is readily apparent to those of
ordinary skill in the relevant art thag_the denodulation process nust be
synchroni zed using one of a nunber of synchronization methods known in the

art. 10 Tg)g QU S§£QI %89'&%%19 A téPcS'éeIfDEﬁ&ﬁmTlﬁM@ bi pap¥coheks of
data. A s sequen group our pul se positions occupied by aHilngIe

pul se tcanlnrrce:m es‘lerftfla;rmladdtpl owadmip {giows Har ﬁllﬁttlsﬁ%#l%t &NEASP
sequential_ gr t
ot Q'éLOdleSI o d":'L&g,t Ea{% W%EHBQS' thé’ﬂ&%aé ABLRSS Y sfa%@)lliaguaﬁ@! to

r epr esent B containihg many bits of information. PPM
modul at i orpEM aaﬁratfommd apddaatti onf netheod foor REPESibAgs BRdedPBhSSAW

devi ces, becayse a.sin o adi d
by a SAW RFT kB Ialé‘gec? ec%«?ssi\@gsubg?r ast%e 6 é(2) %{e%?%%r ?ic}gseg%?;gmt?rre
po?:tlﬁns &Khdﬂukﬁﬂﬂqnr@ia¢@nVGmtimn$baEM&I pIacéSoreﬁdséwbﬁ@PSRﬁPt
refl ectors, of dat it

g}\)}\ﬂ‘f’%hoged}& §latré’g ]%.lbl Pl g gr q:aetlet—:r C?Irlz’ta)aﬁﬁethgk'”@%re of

si gnal puﬂ§%s ASErt1on oss e nunber of SAW
reflector Sdérﬁtstthmspameésr muatl bsowrmkgqrag@d desiing i eaei 6 Runbers

For any TR 15 AT O FBETor = LR o Dy Pt AW RFI D t ags
al so has |im tathemoungdsdiinge @ill).sBPM)slataondeIBprqsqa]stwow Doy
| nereases éfescgép 5|ze (gngugggagent 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



cost); (2) the low data density conbined with practical 30 maxi mum sizes
for SAWchips creates an upper limt on the nunber of bits for practical
tags; andw(Q3p/oesbt i - bounce reflections between the vari oRr€TrEsh/esenrs in a
PPM SAWtag WO 03/065301 PCT/ US02/41522 -19 create unwanted pul ses that
can interfere with later portions of the PPMpulse train. In FIGJRE 4

Tmn is defined as a slot representing a time length centered on any bf
the possible pulse 5 positions. A group is represented by a collection of
adj acent slots. The exanple in FIGQURE;4.. shows one group wth four states
that represent two binary data bits. i four groups of four slots are used

there are 256 ﬁhw

t $568" 19:5@' natd ons)k A Ha/enyiky 41stakes X 4
states X ﬁfgf atesa§ 2 ?%? 8% 6 states. This correséonds to eight
bits of datcart{icms afr uherr@MTmtéStjatt@BtMn a single group). These 256

states (eight ﬁ%b%g%Qm%?ta)T%ﬁEPR% %gf&%%@!a%f 1@1%&°E§prb§ehh§ﬁ§ 46 slots

are conbi ned | i'ngl’e "group and conventi onal hod i s_used, one
pul se 15 woied domigmh onsemferdie 16n slanyg. TFhe éballﬁﬁﬁél?éestéﬁé§e (four

bits of_ data),.is significant] I e uld
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convent i orfglt &It P(%?ﬁbjg%o%ts %12 a‘% gslﬁlq}s/a:)![ thésémg%lél(zjégtgggsy the same
16 sl of®) .4 FYebbek, xi f4 ekghites = 256 states. ThlS 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.



pul ses are used in the group of 16 slots, 12,870 states are available,
which is an even bigger inprovenent. |If seven, eight, or nine pulses in a
group of w6 osleissl are all owed, 30 35, 750 states are possi piCe/ush?/e1522
corresponds to nore than 15 bits of data conpared to the eight bits of
data if conventional PPMwas used in the same space. WO 03/065301

PCT/ US02/ 41522 -20 Once nultiple pulses are allowed in a single group, it
is not proper to describe the nmodulation format as PPM A nore suitable
name for this new nmethod is multiple_pglse per group keying (MPCK)where
keying is the equivalent of 5 nodulation. There are several inportant

possi bl e vari apy %,1()scebgl]‘uf-L ?fm%l; h scpew-gei tpdis defd reddhy gﬂ;uparittl oni ng

a data stream Into one or nore separate nple val ues;
(2) usingimpnett pawpere tO descrwbbtﬁbﬁeWOdﬁéﬁ§é§ntéofmaﬁsﬁﬁtpg gi vBn sanpl e
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i s divide rch-are nomnally but not necessari
adjafe?té;kﬁﬁ gﬂmaqmoﬁéynngoNMBGKiWberenéeyﬂ@gs3@bﬁ%ﬁ¢s¢%ﬁlv%%%n%p8% of time
constitute p._o ot s d i g t] ses
anong the 65“§I0%%mf§ F%ga8%§% a?e? bE E?gﬁgm%egggggﬁggthe
infornati @ MpoK.ai Med & mewhecsépdr atsedsérmled \ba’1 dé> cestpsieaandafy in

ot have Hki PUSRETCAP (iAol O OTRS, OB Ce Mt Pofos ™ erc. are
2:Lgrﬁd)rgﬁﬁm%g?sbﬁéﬁgg?vazgoLﬁﬁﬁnﬁﬁessarthynbenadjé@eﬁt . t BUKADARDE her . A
Scoupi g T/ gro GITEFRLE] SeRyYoT CAIGhE SR 07 a Py ng. hanber of
occupigd e o I erdatpulEess age scaylath dfindlinde tinte ishdavéAedt ype of
group (fOFIS§? L%easwg%yywhlch 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



25 might be one type of group, the actual data a second type of group,
synchroni zation a third, and an error detection/correction mght be a
fourth). wblospéssbhese variants have particul ar useful nes®CIUSEISREI D
tags. Such variants are all within the scope of this invention. 30 Turning
nowto FIGURE 5, illustrated is an exanple of one enbodinent of the
i nvention showi ng pul se positions for a conventional four state digital
PPM In its sinplest inplenentation, the nodul ati on net hod covered by the
WO 03/ 065301 PCT/ US02/ 41522 -21 pregﬁqL i nvention uses a single pulse per
e e

group simlar to conventional PPM T xanple in FIGURE 5 is a conpact
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havehanp!|W%fh3ﬂdhrﬁ@ﬂbySKWﬁtEOTménpbéimgrnhdrﬁ}HGEﬁ%mhﬂnﬂﬁiﬂﬁ P§tHBE™pr operly
synchroni z to. t eak positions, then the a | togsle t "gerrect

pul se” T oct ?cﬁi@ﬁw$5§?aPP888cR§%§rﬁfégﬁﬁe thenghplitwﬁ?ﬁ%Iggéng?ghboring
| ocati on wihdsdepaneekar ger trmmmiernmd Howevers uciveup ghadl ddn §BRI| be

o e JERAALE Lo 00 PSS LT aghnes s e (e
;'eg} iﬂgi Slr;&slir]tfﬂirlﬁ,girtllﬁéée_t ?et trihies _rsgang::ﬂray wilsnae| esehatidédyadsrion is
el 1 theaad gHP BSRTEEF) FoB 50 “idedettu 19 Hoved £F 26T ong as | he
tim ng@rr&&mpBind e8Srihgnddmbati2ation is not properly synchronized
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



The ability to successfully distinguish between two possible positions of
a single pul se even when the pulses are partially overlapped can be used
to increase osiessdnt a 25 density at the expense of signal toTASIZEseAti O
sensitivity. This increase in data density is achieved by noving the

al l owabl e pul se positions closer together in a nmanner that the skirt of
one al | owabl e pul se position will overlap with the peaks of the

nei ghbori ng pul se positions. 30 Turning nowto FIGJURE 6, illustrated in an
exanple of a allowable pulse positiogs_with significant overlap. The

al I owabl e pul se spaci ng has been reduced to one unit as conpared to the

five units_shown i FIGRE J,:dcdh t i 0
W L th this 03 0623017:infl/ S04 15Rus - 22
case, the%&%ﬁ widtt i equgF'to TEﬁnISQ%nd t hus poté?tially re r%sents a
;;;/e-;ol d_p;ol‘ﬂ:@ll'ﬁd_ salrynlxtetpeem@mmr a dfivstdicdlsl fmreara Hoy 8 PWRPRAsi ng
a densi is  rare use S | QLIS uGid | e 5
det ecti on© r%‘f?nt?%r di)%fllsngrﬁ?gﬁ?ﬁg%r?g{ g]?]rtg%r?%iﬁl géggp%rﬁ]ﬁ%}g.igur ni ng
to Fl GURE rrdllyl Uskedt edeanestheoflettdid s dfvianse apbvgthont o pufSes with

mar gi n® TECEGGABHMEEE A sTghal ChPER PR g BuRe angi g pal ses.
fﬂgmnegﬂ ﬁiiﬂﬁ%?hsj; m?rld be necessary to sanple the received signal at
Iocafiops on pH%H%Ugﬁ%gﬁféﬁﬂi§§?gefﬁ%hﬁgﬁﬁﬁgg%gl%2%?gﬂggi%ﬁﬁﬁi$%gﬁ$gfgggg
I i e pep g
pul se, trﬂq%Pgﬁﬁeﬁi;ﬁt{hﬁ%e;h%ﬁcha%h% ?%?%g%%t§$§§%%§§%nﬁgg %ﬁd£2§§gﬁ a
novel pdyaidan £t @t sg§nal with the strongly overlapping pulses
shown in FIGURE 7, it would be necessary to sample the
received signal at the peak locations of all possible pulse
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



descri bed herein. The all owabl e pul ses are nodified such 20 that each pul se
not only has a different tine position but also an added phase step

bet ween ewohsadjsacent pul se. For exanple, if a phase stepCofusdfn4ise2 added
bet ween each adjacent pulse, then the pulse at t = 0 (time equals zero)

m ght have 0, the pulse at t = 1 will have 90, the pulse 25 at t = 2 wll
have 180, the pulse at t = 3 wll have 270, the pulse at t =1 will have
360, etc. Turning nowto FIGJREs 8A and 8B, illustrated are the real and

i magi nary parts of overlapping pul ses with an added phase shift of +90.
Because phase nmultiples of 90 30 are used in the illustrated enbodi nent,

the odd nughened . DU §89e( Teqibn So:P! feleBaverdpRbpAids Al taizero and

t he even puI &<%hav I'magl hary parts equal to zero. Wl1 e range
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a 78.5 phas€cur at that slot locations.
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



di fference between adjacent allowed states is used. In FIGJRE 9 a phase

i ncrement other than 90 was chosen to illustrate the substantially

i mproved WDIsM06IBINati on between the correct state and th@cmaisghisei ng
states for a 20 wide variety of phase angles. Even nore inportant, FlGJRE
9 illustrates a dramatic inprovenent as conpared to the identical allowed
pul se spaci ng wi thout phase shifts as was illustrated earlier in FIGJRE 7.
The cases of FIGURE 7 and FIGUREs 8 and 9 have the identical approxinate
five-fold 25 inprovenent in the nunberopf states as conpared to the nore
conventional PPMw th allowable pul se spacing of Tmn. But, w thout the
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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



val ues; (2) at least one pulse is used to transmt a given sanple val ue;
(3) the at least one pulse is transmtted in 15 a span of time that is

di vi ded iwD®30é33e1 Sl ots that are nominally, but not nece®sanisvy4isazlj acent;
(4) the <collection of tine slots conprising the span of time constitutes
a group of slots; (5) each slot has a unique phase shift and a unique tine
| ocation; and (6) the at 20 | east one pulse is contained within the group
of slots in a predeternm ned manner to represent the information contained
in the separate sanple value. Goups cafi vary in the nunber of slots
and/or in the nunber of occupied slots and still be within the scope of

the pfesen£a$ &Eélgf 891A,80nid gheghﬁtgha@a gapee dfefimed et hat it
only has er of occupied slots or, alternatively, it mght

al l ow for anvemyiew. number of occupied slots. Also, a single data nmessage

coul d include npge &Peemalﬂientgr%p dfor pexaephe thecheager am ght be
one type of group, the actual data a second F ype of group, and an error
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attention than Tmin. Combining 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



certain subtle details. In the MPGK case, tw adjacent slots can both be
occupi ed because, as described above, the skirt of one pul se does not
overl ap twe opeeisonf any nei ghboring pul ses (the sanme as fPor/usonyeset i onal
PPM as 15 shown in FIGURE 5). However, if two adjacent or closely

nei ghboring slots were allowed to be sinultaneously occupied when using
strongly overlapping pulses (as in FIGJRE 7), the potential for strong
inter-synbol interference would exist between pulses and could result in
20 al nost total cancellation between_the two where a significant phase
shift between pulses is present (e.g., FIGUREs 8 and 9). This potenti al

interfereng e essed._ i he ;MBS TRdUl it i1k NpdRetbis 1o be
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with PTSK. In this exanple,. qne pul se_j LMy ergchedst o occur
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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.



equal to five slots. In a nore general case, if a slot wdth equals Tm n/N
then a skip factor can be defined that 10 will equal Ni. Larger skip
factors capobeeitsed and could be beneficial in certain casegs(t/aszexanpl e
in operating environments with strong outside interference). Somewhat
smal | er skip factors could al so be beneficial in other cases but it
appears that assuring a mnimm spacing equal 15 to Tmn wll [ikely be the
best choice in nmost circunstances. Another nethod for solving the

potential interference problemof twg,adjacent slots being occupied when
PTSK is conmbined wth MPCK is based on the orthogonality between 20
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10 this 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



5 earlier descriptions of PTSK and MPCK. However, the conbination of PTSK
and MPCGK shoul d consider the need for providing a neans to avoid the

pot ent i alwpnBees3synbol interference effects that may ari PETWSEN41531 ng

pul ses that have significant overlap with neighboring slots. Since 10 this
met hod conbi nes the characteristics of two enbodi nents previously
described in can appropriately be called MG PTSK (i.e., conbined

mul ti-pul se groups with sinmultaneous phase and tinme shift keying). Even
nore data can be encoded if pul se anmpbitude 15 nodulation is also used in
conmbi nation wth MPG PTSK, PPM or MBG PTSK It is apparent to those of

ordinary skill . Pardd @ that dhe ddyertven deserébre derein is
i nt ended '?:E’aé:m/lesp aelr%rltg%(jﬁ ;&e(itrlétﬂﬁt aat ioncl ude pul se anplitude _nodu] ation,

whet her usedtial e samé nnovhbicnatfi gt thilshy HOWEVREr rdddiaR i bR net hod.
Turning now_.to FI

S s il atied | ! O¥hROrthec2B86rgossi bl e
states t haeJs -§FWRE53%%ﬁ ;1 %%%%lﬁ% ohiyauéég Ehr8BO¥ARIrEREe286r®

rée ectors”are used in a group of 21 slots
havi ng a skigreddacodr folurf,olamd Thesond, aritexbdplesst HHEFIRIIEF obip where

25 a SAWRFID tag has three re e ot ho21lah8k-et 8apRr group,
a skip ¥ adiVFGt Pt and 4" p%%%%éﬁf\%rgeﬁ%&ﬁtﬁ% %%j acent gl_ ots

rangi ng f mamtAs-gexHl05igndhe tplaseiissdoanernd bethesn 2} R eANS3FePY is the
sanme as described earlier in conjunction with FIGUREs 8 and 9. 30 The
five-fold ‘Ttai)' bet ween nei ghboring pul ses required a skip factor of
four. It is evitleniddahoR86tst AICHRA el2 sufiflilcisdmatiasl ehBode FRE1256

o oUp si 2D OBSSOL- PEaT UBDS) ALSEY AP (1 PL Al Hoer  deht fasl To the

one desgr ikegh ddxdtdUREdS 36 possible placements. 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



with the same number of data bits. However, it has two major advantages in
that it only uses three SAWreflectors instead of four, and second, it is
| ess suscwptmlobzsot o 5 common transm ssion distortion effe®C3/Sovhisas
short-path nulti-path signal transm ssion and other pul se snearing
effects. Turning nowto FIGURE 12, illustrated is a table show ng the
states for a SAWRFID tag with 10 slots, two 10 reflectors and 36 possible
pl acenents. This table was taken froma situation where the SAWRFID tag
had four reflectors per group, 20 slgts per group and a skip factor of
three and a phase increnment between agj acent slots of plus or mnus 900,

wher e theg%#ﬁ%%tor‘%f”éﬁ%% %%91%@% Qs%5F%E0§B%uPTh|@h@éaﬂﬁbﬁelSSQUIte

simlar t € previous exanpleée in di stinct phase states are
di vi ded |ﬂfttc®ntt\besm:lregzr1@11u}ss ofatehe siot svlekeh. feaéh iR gKSupPRaRe be

treated as ve|[2 5%e%§|u {:gg%o 1\9:[d8 tc}qu O\{ﬁ)s_; deheoskabes

corresponcﬁ gr oup. fference between this
exarrpl e archdthevipreyieash ys@x-agmbup hlc'ssma$k1-mef@ﬂbo¥n°f-)ha§% rePP&¥tors (+

& -1) can be of eltherthe I T or
advant age B¥° BT SEEGHCE 8 ﬁ éég?ﬁgﬁﬂésgfi;és)%péee?i 33%-@’%‘551053?{@ total of
10 bits per graup canebeetnrbbahmeah,t whoEh BBeis Jbé’tetnérlotrhan e ePHHt bits

in the preyj ous, f r%c?r} &%eﬂfﬁdl sadyaptages, of .4 0is 4 & eﬁggaggam bly

wor se spurJr the préevi ous exanpl e "an e gener al
sensitivi tkz/jy t=D g iﬂe&lﬂf&&hlcaglehf eagsanérudmcn@jeﬂowmm&ﬁ@mtlas at

Lag with JRARC (erARE BHoe pLrugr oupLh o tarbt £ ereg, SHECEATERRY Rt or of
three,1@ phasgei HERIERN Dehrwesdendjidteatishotag whth viiaur dal\msﬁso@fl nto two
sub-groups %stqgég égm%ncoded 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



WO 03/ 065301 PCT/ US02/ 41522 -29 reflector of each specific phase per
group. This table is fromthe previous exanple in which four distinct
phase stwDag/oa3el used that divide into two sub-groups of PCO/Gshp#S22 each
where each sub-group has a skip factor of one. Only 5 one reflector of each
specific phase is used in each group. In one enbodinent of the invention,
the SAW identification tag reader detects a return signal generated by a
SAWi dentification tag and decodes a nunber that is at |east eight bits
long. In still another enbodinment, theyl0 reader decodes a SAW
identification tag with four groups o slots and an encoded nunber that is

at least 32 bitsdiong, g stihbk anet hgpuerkodibaBNh10bchbe bawknti on,
t he SAW iadgl}'lgte’lcflifég:t iqglrﬁilﬁsgéx/ﬁg’so It\%\l/el ve grouplé1 of 9sl ots and encodegF a
will

nunber at rhedstrsb4ohipsclhifng. aFhbseakens et i n Héals inustiant 4

under stand _that, .regardl f 1 oups, SISt d thelbit
length of ZGSiAer hégdsggﬁgbé&gﬁcogggbg%%ﬂgywvidentification tag, any
enbodi mentnuntfers SAAMedenite fhildatd emdr Eguethofighé st pye é‘eé‘éiﬂ?b@Hdhgr ein is

vent ion i | i1 SuuGOECLCAN | BT at o FAg"r eator] or ceeewi th SAW
i dentii fi catirderd &ga lepoimaonttiheh £¢ &hhbeushended SubsahStanNIGE0s, “Par gel y
o 1 on ATE e, BESEa b adl AP one Fa e e B e dat &
carrying capasidbA Rerimdest iSAVGIngenb] ect atdoing sy SAY icgety Hagatacgl obal |y
encoded ot TheHfISBRNALAECTY | Gat Foll (apd i B Aded 0o Felabl y dent  fy
and tragk @saRpsesedented, nunher haé 30nineqlerobjpectdirich ddaé te@Bedi nent ,
the SAMViCEHEAJiég¥it % fourth digit will be identified as associated

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



tag nunber contains data pertaining to an object associated wth the
nunber. This permts, for exanple, a centralized nunber allocation

aut hori t ywom3aesign a group of numbers to WO 03/ 065301 PCPCUSGa/#15222 - 30
a specific industry so that the industry can allocate such nunbers to
specific applications wthin 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 fifth nunber a§3&Ls own standards nay dictate.
Regar dl ess of how the nunbers are assigned by the autonobile industry, any

obj ect hayi a. SAW. denti.fi cat] deny i1 f4e0, g oAb aenindi cati on
t ag reade?’?agéilfé’ (%55% irbbet—'gﬂ?lleréeic%c%ﬁtd has a nine f%r t he }%hi rd digit and
a one for chhed aor keegi girtcki OIf boe ¢gontienited o&s 2a¥sFEaUEE- with t he

aut onot i ve ind%ﬁ%%%ﬁhhggayf%@$£r§€ggq£qgﬂhi? el Y8t hpPropheaSEW

identification r=i uodes an error detection 15 portion. The

error det geld onspallzetomynf locheiohe wapeblsaste Prodibdser EEEi 8RSt o at
| east sonme extent. O course, err tecti - CRLLBELI QU1 NBE
requiréd 9F ®he AT E%%Bgrofnfhgﬁsggsé%tl%% ention. In still another
enbodi ment; refpditpdineent | Gor ExanbAW, 20 shedfit ikbpdari 6a0t BE pEgHeiuses an
interrogation signal with a frequenc t d-thpgeighgahert z.
A partic@zﬂ@%ﬁ%HV%ﬁ¥%g%%%st8p L% ¥§%R§$§{%?§&E od?ﬁe%t ﬁprévides f or
the SAW i dantdd i gath oastagibeadersaw identifPeabigngsheetz A egheréy. 25

dent ] {1 CRITIFR A 4 baHs: = B0 el i aata dSae s it horne prosent

i nventjiPn.1420 can be used 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



FIGURE 14A illustrates a side panel reader 1410 that can be installed, for
exanple, in a turnstile admtting patrons to 30 a sporting event or in side
panel s t owaasebBose doors. The side panel reader 1410 camcrhsnzaesan t he
SAWidentification tag nunmber on a SAWidentification tag 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. FlI GURE 14B
illustrates a shelf reader 1420 appropsiate for installation in locations
where space prohibits the use 5 of a larger reader or where a | arger

reader woul dff{?lﬁcief”q%ppéoﬂ%{nét A VafXPHPLE1 £ fcsbebh Eoadefn ean leepised in

a doctor' §°5 0 unobtrusively keep track_of patient files with
associ at edrSAW bdentiotiecatsontoads., Roskel f coléggeibigso RE§ -have several

nodes 1425 so_{hat, ane eaday, 401420 £an, Ugs DT £8dder ent

areas, such as curity system re nodes 1425 are used _to nonitor
nul tipl e dagns buwuch si ngbaderatief01920ldabeharsefed athere it r'éffLed

| ocation. FIGJURE 14C il lustrate doqr. reader, L430e Aoy dopsmay

reader 1458 s (9t ac%lfoe%e i%gagnnuﬁgé&%f %%cati ons.. One such location

woul d be ieRampler, k peacsadiatd isn AW erdergrl §1 orlrien ragnpPoyesCRi @her mi t t ed
reader 1430 could be wused to

to access certajn locations. The d
moni t or sd&F3EGocht iaoﬁlaﬁs?r Sadi r?éwg%\r#@%nltdenti fication tags enbedded in
i denti ficati on pyadges Mo 11lbytsatkseaploygesanseGiREC#4DRALUsttaPes a
A R R T R T i R
readerig 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



25 1440 could then be installed in appropriate |ocations and used for such
things as traffic counts. A roadway reader 1440 could al so be used for
tol | col lwotmBoes3dn a nanner simlar to the way toll tagsPparasozsrsent|y

bei ng used. FIGURE 14E illustrates short range hand-held reader 30 1450
useful for a number of applications such as, for exanple, conducting

i nventory or part counts. An inexpensive short range hand-hel d reader 1450
woul d al so be WO 03/065301 PCT/US02/ 41522 -32 useful for a home SAWtag
identification systemto keep track _gh_groceries, tools, books,
collectibles, etc. FIGURE 14F illustrates a |ong range hand-hel d reader

1460. Such a reader, 1460 woul d sef I se ceodbdengt get
close to rH{o]]%c]f tjs%c a u%se (l:%(;%lz\fle enmgggﬁ%lqg)ﬂjbertﬁggdl nglaaeSAWg

i dent i fi caldrsttarreah an ehjceotdanicecatiddh | Aha RIARHRISSenvAY ofRERT. FI GURE
14G illustrates a long range fixed reader 1470 appropriate for

i nstal | at it a fixed location. Such a 10 reader 1470 woul d be

appropri ate forTmmim?ghl aowont on FAGUREs ehb) y 1l nesieptefbnt Bf y2 pRLEPSKand

track parte Lol S¥AMm&ndd Gt B dJd sl s awandrkeadencigrl. Such

read® y enmployed 16 | y itens that are
ObSCUFGd Qfac_fjiaﬁeé]@érbe Thaciﬂedhb@ aotymenhes weahlea sypel BtepodPdObe used

o her ni se Ve 21 o EEd Wit POUTP oF S4060mBl 1 HoL T Bat, 7o Seehr he Such as
an airpl an@r&@éﬁltBQdFleléﬁthte I IausBAHt esranéﬂugerti¥p¢@ia%@r 9@ Such
't Coul d aPSt-BeLBSEFiFI SUBRETEYed L 4\t ck Shous W G aroERd e
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.



and pl ace assenbly nmachine to identify parts. There are a nunber of

di fferent businesses that have 25 a need for identifying specific objects
wi th partwouwBmsisdy that will find some enbodi ment of thePpmasensisenvention
useful. It is intended that all SAWidentification tag readers, whether
descri bed herein or not and whether now known or subsequently discovered,
be within the scope of 30 the present invention. In short, regardl ess of
reader differences or differences in SAWidentification tag design, those
skilled in the art will understand thags4the intended scope of the present
invention covers all WD 03/065301 PCT/US02/ 41522 -33 configurations of SAW
identification rmg:mea;iensw consSFIGUREd 14, adadjmw thst e pLooRi pI es
set forth erein. nlng now.t o Fl @5 illust atedlsabIOég

di agr am of % #tAbd ‘i 00%of n]? SAV\% d 8RS a&&t‘ﬁr&ﬁlg t &Y Her. The
net hod comereess fiddt ibrs tild xsga@érJ.Sl@he hetaotr agsn tbimgnetepwibR0, an
|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 aé%a@ﬁgt@%p 1550
the reader ydecodesnibe é&%&ﬁﬁtpﬁw@t pealt%ynmrpha@@ pBEhedo4500

concl udes with an end step cour se
10 The plezoelectrlc substrate also has 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.



20 interrogation signal transm ssion that generates a response froma SAW
identification is within the scope of the present invention. Such other
types nmaywonglesse;r without being l[imted to, a second tr &ezdisoBs150n a
substrate that detects a signal and generates a return signal in response
25 thereto. Several other enbodi nents of a nethod of operating a SAW
identification tag reader are within the intended scope of the present
i nvention. The descriptions of the various enbodinments of a SAW
identification tag reader set forth 3Q.herein are sufficiently detailed so
as to enable one skilled in the pertinent art to understand and practice
such ot her enbodj nents of od of operating a SAW identification tag
reader. WD 03/ WO%SP&%AE@S@EZ[ 522 -34 Turning now to Fl GURE 16,
illustrated is a block diagramof a nmethod 1600 of manufacturing a SAW
identification tag reader. The nethod 1600 comrences with a start step
1610. In a providing transmtter step 1620, 5 a transmtter is provided
that is capabl g of serginTegcan aconiseriicogatieorisalignabenbidicbtéona SAWV
transducer |ocated on .a piezoelectric substrate to create a SAW The
pi ezoelfectiaoUb AT HaY 'a group of slots thereon that are arranged by
both pul se positiepaapsliphase @osanionoflOsdhéipyezoel ecteircogabibrate al so
has a nunmber of reflectors  distribufed annqg Lhe sIo&sCQ¥e$otgnpugse
posi ti on a@idndhaddPosiTFGheThede 7Y | et OPEProvi de“S*F&turn si gnal to
the transduces,dhatcf1as asuwibesc&ncogdeddt hetekoaebycboth pubserposition
and phase ‘position. In a providing receiyer 15 step.1630, a.receivear for
detecting3&?V¥ﬂ§uﬁ19§Q$@apfaﬁ30tﬂeﬁﬁﬂ?ﬂﬁe¥ﬁﬁy#ﬁﬁﬁé lgﬁ%%égﬁ”tlé?éﬁﬁgis
prOViqﬁﬂ'ﬁME%e 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.



met hod 1600 concludes with an end step 1640. Several other enbodi nents of a
met hod of manufacturing a SAWidentification tag reader are within the

i nt ended wB®3m6¢Bpe of the present invention. The descri pt pecmaiSot/4tshe

vari ous enbodi nents of a SAWidentification tag reader set forth herein
are sufficiently detailed so as to enable one skilled in the pertinent art
to understand and practice such other enbodi nents. 25 Although the present
i nvention has been described in detail, those skilled in the art should
understand that they can make various;changes, substitutions and
alterations herein wthout departing fromthe spirit and scope of the

i nvention in ité_br?@%gséAﬁoigénygk9@49?%%3§agcgégggg/gé5%gcit§a-iﬁHAT IS

CLAIMED | S: 1. A surface acoustic wave identification tag 5 reader,
conpri si ngelain rangnétedr sapabpbupslsendPigIaRUPAt éFr 8§atledst $Pykal t hat

excites a SAVILapsdycer. | ealed oL@ o piieroel g5igic substrate, said

piezoelect??c Sbstra having a group o ots arranged by both pul se
position and 10 phase position, and a nunber of reflectors distributed

among said stots such.ihalyshdatefl 8GLoLs E8LULRARA-SALd rhdasducer a
return signal cohtaining a nunber encoded by botﬁ,pulse position and phase
position; @nsim 4 edeineim feoriddefectilngysafdgretns nisiamaleasid twe3 Vgecodi ng
said nunber. 2. The SAWidentification . ea as recited in Caiml
wherei n sat rettAcRoreSar e 4t an%aeédgs%%ﬁtgjf%%t Cgrg?d phase position is in
gquadrature.. 20

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.



3. The SAWidentification tag reader as recited in Caim1l further
conprising a framng reflector | ocated between said SAWtransducer and

sai d grouwo0 03563801 The SAWidentification tag reader as reecrasorms2 aim 1
further conprising a plurality of said groups separated by dead spaces. 5.
The SAWidentification tag reader as recited in 30 Caiml wherein said
nunber is at |least eight bits |ong. WO 03/065301 PCT/ US02/ 41522 -36 6. The
SAWidentification tag reader as recited in Caim4 wherein said plurality
of groups is at least four and said nypber is at least 32 bits long. 5 7.
The SAWidentification tag reader as recited in Caim4 wherein said

plural ity of groups ifcakalieasnbyelus:;3ad:3al d AEIerad Sl deensis 64 bits
|

long. 8. The SAWidentification tag reader as recited in 10 Claim1l
wher ei n saCtaimt er r ohetricon séyidl SA¥s ddeéregleaeyionf URst weeAdeRo hd t hree

gi gahert z. The -SAW | d i i i rpader.as recited in Caiml
wher ei n saf’ 1%8?1%%@%%{& gﬂ%sg%gt gg?%g?}ﬁ?ﬁ ftong'an 15 obj ect associ ated
wi th said nunbea. s16e PheeFAWERdentification tag reader as recited in
Claim 1 _further_cao i-Si.n conput er associated with said SAW

i denti fPcation ?aﬁgrgggdgre.gdgﬁ’ll. The SAWIi dentification tag reader as
recited in C aemitofkwatheeadempri sing a conputer network associated wth
said SAWidentificati.on tag Ei%ader. WD 03/ 065301 PCT/ US02/ 41522 -37 12.
The SAWi denti f PcE&PPONYag Fogter as recited in

a short range hand-held reader,
long range hand-held reader,

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.



Claim1l wherein said SAWidentification tag reader is selected fromthe
group consisting of: a side panel reader, 5 a shelf reader, a doorway
reader, WOrigmeksey reader, a short range hand- hel d reader PCTAISODMEG2Z ange
hand- hel d reader, 10 a long range fixed reader, 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 piezoelectric substrate to
create a SAW said piezoelectric subﬁg[ate having a group of slots
arranged by both pul se position and phase position; 20 causing said SAWto

reflect from a_nunber of l.ectars. Lacatgd on sa@idini ezoel pettther
substrat e, sal&g % gFt e%%org g?strlbuted anong said_slofs such

that sai d:dﬁ@fdle:(itr]@f cnemmngt easia dShWanstuselt Leciket B¢ sifgnaFa™e8%t ai ni ng
a nunber enc de%a‘%ymfm by B 32.c0AR | 081 andaiP5: PhASE,pOS! ian: sdedcct i ng

sai d returf a'receiver decodi ng said nunber. 14. The

met hod asgﬁﬁﬁgied in Caim13 wherein said 30 reflectors are arranged such
t hat sald phase position is in quadrature. W 03/065301 PCT/ US02/ 41522

-38 15.° The nethod as recited in Caim 13 further conpr|5|ng cau5|ng sai d
SAWto reflect ffg.ommd ramdtigpd as recited in Claim urther

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.



reflector |ocated between said SAWtransducer and said group. 5 16. The
method as recited in Caim1l13 further conprising a plurality of said
groups seperawesdoby dead spaces. 10 17. The net hod as reecrasor/mset ai m 13
wherein said nunber is at |least eight bits long. 18. The nethod as recited
in Caim16 wherein said plurality of groups is at |least four and said
nunber is at 15 least 32 bits long. 19. The nethod as recited in Claim1l6
wherein said plurality of groups is at |east twelve and said nunber is at
| east 64 bits long. 20 20. The method.fas_ recited in Caim 13 wherein said
SAW has a frequency of between two and three gigahertz. 21. The nethod as
recited in Caiml3 pherehdr5aid 25 nLubBIeLONRI NSl Lak a 1er tRideg to an
obj ect associated wth said nunber. 22. The nethod as recited in Caiml13
further coaPPTEhEg agSEOCARItAEI%a T ofpUPBESHi LIFtaTd SAWD 363itde i cati on
tag reader / 1522 -39 23. The nethod as recited in
Claim 13 fﬁ?%?giggﬁggﬁs?% g?%%é?ati ng a conputer network with said SAW
identification tag reader. 5 24. The nmethod as recited in Caim 13 wherein
sai d  SAWidenthfi cati on Lag header-dsi el ect e fiaMmbhe@heup Lansi sting
of : a side panel 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.



a shel f reader,

10 a doorway reader, a roadway reader, a short range

hand- hel d reader, a |ong range hand-held reader, a long range fixed
reader, NSOa3medsol reader, and a fingertip reader. WO 03/ @P63AG02/41522

PCT/ US02/ 41522

-40 25. A nethod of manufacturing a surface acoustic wave

(SAW identification tag reader, conprising: providing a transmtter

capabl e of sending an interrogation signal that excites a SAWtransducer
|l ocated 5 on a piezoelectric substrate to create a SAW said piezoel ectric
substrate having a group of slots arrapged by both pulse position and

phase position,

and a nunber of reflectors distributed anong said slots

such that said jiefl@chatfoled kO S W 1HARS @UeEH R hebukBis gase 10
cont ai ning a nunber encoded by both pul se position and phase position; and

provi di ng dSPEReildentidr castlon: tRg Sapderet GPAPELGA&Y: and decoding said

nunber. 15 26.
are arranged su

g&%&a&%@d_ as rechfediived abgpgbiwhersin %&ng]ef Lgctors

h that Said phase position is in quadrature. 2 The

net hod as resieraedpnioraisdopslf Ghekeexc2besonpbh¥i REaREARTRY A°FRERAT NG

refl ect Qr
recited in
separ at ed

10

15

20

25

30

G

ween;sald AL fransducer.and sai dogeaun. 28 sifie nekbad as

alm
by ez2% lg¢cad ispgubstrate having a group o

urther” “conprising formng a plurality of said groups
gjslots arranged by P

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
containing a number encoded by both pulse position and
phase posgition; and

providing a receiver for detecting said return signal

and decoding said number.

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
comprising forming a framing reflector between said SAW

transducer and said group.

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

dead spaces.

29. The method as recited in Claim 25 wherein said

number is at least eight bits long.

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.



29. The nethod as recited in Caim25 wherein said nunber is at |east
eight bits long. 30 30. The nethod as recited in C aim28 wherein said

pl uralitywofo3géesaps is at | east four and said nunber is aPCTItSay#1532 bits

| ong. WO 03/ 065301 PCT/ US02/ 41522 -41 31. The nethod as recited in Claim
28 wherein said plurality of groups is at |east twelve and said nunber is
at least 64 bits long. 5 32. The nethod as recited in Caim?25 wherein said
SAW has a frequency of between two and three gigahertz. 33. The nethod as
recited in Claim25 wherein said nunbegicontains data pertaining to an

obj ect associated 10 with said nunber. 34. The nethod as recited in Claim
25 wherei n sai d31S5AWrhdeficitihiogatd Hnrd @b s@ader ciiaimeloactateddiam dued gr oup
consisting of: 15 a side panel reader, a shelf reader, a_doorway reader,
a roadway PeNderity¥ ShoPErOMRFgd Sh&td-AFasF redere 2@ %P%%n@*“?lé?%els

hand- hel d peadesst 84l BRgsrangg.fi xed reader, a wand reader, and a
fingertip 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.



