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A SINGLE PHASE UNI DI RECTI ONAL SURFACE ACQOUSTI C WAVE
TRANSDUCER AND | MPROVED REFLECTORS CROSS- REFERENCE TO

WOREADEBRINPPLI CATI ON Thi s application clai ns tPEr/US2004/033353

benefit of U S. Provisional Application Serial No.

60/ 509, 693, filed on 08 Cctober 2003, and entitled "A
Si ngl e Phase Uni directional SAW Transducer"” conmonly
assigned with the present invention and incorporated
herein by reference. TECHNI CAL FI ELD OF THE | NVENTI ON
The present invention is directed, in general to
surface acoustic wave (SAW devices and nore
specifically, to a single-phase unidirectional surface
acoustic wave transducer and to inproved reflectors
for SAW devi ces . BACKGROUND OF THE | NVENTI ON The
never ending trend toward snaller el ectronic devices

i ncreases the pressure to develop snmaller and nore- 2
- efficient conponents. For exanple, wreless
conmuni cati ons systens are requiring increasingly
enhanced performance from passive conponents used for
signal processing, particularly those operating above
one GHz. In the case of SAWfilters, characteristics
typi cally demanded include |Iow insertion |oss, |ow
passband ripple, high degree of linearity of phase and

hi ah I Uit . €
infd ;B PEiatE! Fuadl BREbrRACH FORRIS0RFRCRINE QLRI RES
used. SPUINRAWVEVIRANSDIICERIZD (IMPROMED REFEAMTORSOr S

and SAWradio frequency identification tags. A SPUDT
structure calls for the placenent of

CROSS-REFERENCE TO RELATED APPLICATION

This application claims the ©benefit of U.S.
Provisional Application Serial No. 60/509,693, filed on 08
October 2003, and entitled "A Single Phase Unidirectional
SAW Transducer” commonly assigned with the present

invention and incorporated herein by reference.
TECHNICAL FIELD OF THE INVENTION
The present invention is directed, in general to
surface acoustic wave (SAW) devices and more specifically,
to a single-phase wunidirectional surface acoustic wave
transducer and to improved reflectors for SAW devices.

BACKGROUND OF THE INVENTION

The mnever ending trend toward smaller electronic

devices increases the pressure to develop smaller and more



10

15

20

25

30

reflectors and transducers in such a way that, within
each unit cell, the center of transduction is shifted

wowRak/osasspect to the center of reflection. |deBdT/¥$2004/033353

this phase shift should be equal to + one-half of pi (
p/2) . In nost SPUDT structures, electrodes

one-ei ghth of a Rayl eigh SAWwavel ength w de and
reflectors ranging fromone-fourth to three-eighths o
f a wavel ength wi de are used-pbo obtain a nonreflecting
transduction. In the mgjority of cases the el ectrodes

&TF igienei gm]jsbca:fera:s/vavebengkampnenawmwéss communications
Conseg@;en n the, GHz range the critical dinensions
%5%5

SV S&E re P beldRd IFESaSHNE hf ePBERFEH| iRSEFfYmance

lFatge pe@lsavbabré6apbaant sChikades f2ased Pt 'ﬁx%cessnlg,
i thqguﬁph For SAW devices operating at 2 G&z
F‘Eéﬁe

Fegie HEQse PRk SRS (4S8t zImﬁhe case of

Eaws £1 apeek ?QIl’ﬁQQracQ@thL@th&tsh t i@ a‘l@WﬁSﬂghBeW g8 1@ge 1ow
an absol ute_w dth of about

LREERRESE 1 AGRg I Z%%Scbafe% ofiRPlRw el it h,degree  of

Qb.&@'abﬁlﬁffh%fghbl‘ﬁsé heng! a¢ ﬂék@dgeﬂ.%c%Q%Ey"'o EOOrBEL  these
This sma al_.um num cross section for the el ectrode

qeasls, 3inglisy aPhasse s it er O rmac E&phaBlyelgh. (SPUDTS)
Bok tflyeaure@leiw uSEEDT Irafifd Uess &% ecsk! deanused ysed for

above 1 Chz .- - Accordingly, what is needed In
Ciadl |S§n§Orr§mﬁn§ss‘S%ﬁéﬁthe%t J@@@mewfans@@@mfmat1@vantags

oper ahe @pudTSUbSEEALeudt ”c%ﬂ@c'ﬁérh' gher gﬁ%e'm% of
that can be manufactured util IZII@%E arge scal

FEBLEEEPIEN2RE c AR RIS dl b re Pt | x afaY | thmsyr apihhin each
Ange needed LR NeRfdear 8ePel L8N E€EL EGL 0N s shifted with

respect to the center of reflection. Ideally, this phase
shift should be equal to + one-half of pi (+n/2). In most
SPUDT structures, electrodes one-eighth of a Rayleigh SAW
wavelength wide and reflectors ranging from one-fourth to
three-eighths of a wavelength wide are used to obtain a
nonreflecting transduction. In the majority of cases the
electrodes are one-eighth of a wavelength or narrower.
Consequently, dn the GHz range the critical dimensions of
electrodes are beyond the limits of feasibility for large
scale fabrication techniques based on optical lithography.

For SAW devices operating at 2 GHz and higher
frequencies, tthe wavelength is about 2 um. Thus, an
electrode one-eighth of a wavelength wide has an absolute
width of about 0.25 um. With the thickness ranging from 2%
to 10% of a wavelength, the absolute height of the
electrode is about 40-200 nm. This small aluminum cross
section for the electrode causes resistive losses to become

unacceptably high. For this reason, SPUDT transducers are

seldom used above 1 Ghz.
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configurations to use with SAWradi o frequency
identification tags. In the case of SAWidentification

WO a@s/03G898 i s i nportant that as much of the eneP@yUS2004/033353

reflected in response to a transducer generated
interrogation pul se be captured a s possible. If an
alumnumreflector |ocated on a substrate is the sane
size as the transducer and if that reflector is

strai ght and substantially peppendicular to the
interrogation pul se, a substantial anount of energy

gener atedrly ridie; t ranseucer negedaat igoichg e s a low-loss
i ncl.uded i.n %@g reflggted p This i s because a

O ORCHHORRe il S Ganer ol Ba by inPEEaR S EEr dostrate

aet frRacincd ¢ef heghetr adued adie thgt that Yd mxRsndscured
in,si,ze as jt travel s_do %Ee SAWtag surface away
le&inltZFrg‘gt rhREEGceFCatRus LRk aC At dORecligg P AarRE dPased on

b@t@cﬁ@tnethbgﬁiﬁﬁfw for use on a SAWtags that have
the capability o capturing nore of the interrogation
puIseAEﬁQrgyl¢%d%@deﬂj%o FBBur 7% nmoreevi §6E66% reflector

EQEE%%hQQt?bgﬁﬁ' tt t haydd ansguger . SAMVARY, & THE requency

I,NVENTI.ON To address the above-di scussed deficiencies
6ferhd FpFRBE Car t FaBRe plRséhe | AYBALITN BRBVitRantigiqation
Hﬁggi,r eet k 9nakmddranstucaiad W anpAVIEWIEe . cddrQPSreflected
enbodi ment the device includes (1) a defined area on a
PleX6EPOBERI 2 udstFAREWCER FenRrel s Indeatagadrion pulse

g_ee@a?@tnﬁ»eat d£Tb&sk oh18er PeNdinChdfnitdud &AW or located
direction of propagation; and (2) a pair of |ow ‘
PBf lPe EURALER £ ¢ ahsdider Spmee| &3¢ oo sthecareas@iuckion and if

thaecdebirned: area And connactgoy tONAS NY BV P Shdicular

the el ectrodes perpendicular to the ‘
to the interxogation pulse, a substantial amount of energy

generated by the transducer is not going to be included in
the reflected pulse. This is because a portion of the
pulse generated by the transducer does not impact a
reflector due to the fact that it expands in size as it

travels down the SAW tag surface away from the transducer.

Thus, what is needed in the art is a better reflector
for use on a SAW tags that have the capability of capturing
more of the interrogation pulse energy in order to return

a more vigorous reflected signal to the transducer.

SUMMARY OF THE INVENTION
To address the above-discussed deficiencies of the
prior art, the present invention provides for a
unidirectional transducer forma SAW device. In one
embodiment the device includes (1) a defined area on a
piezoelectric substrate within which is located an open
circuit reflector perpendicular to the SAW direction of

propagation; and (2) a pair of low reflectivity transducer
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direction of the SAW propagation and positioned with
the excitation center of the pair of electrodes

wo omanadmbout seven-ei ght hs of a Rayl ei gh waveCEO§1004/033353

at a center frequency of the SAWfromthe reflector.

Thus, the present invention provides for a transducer

that will concentrate the energy of the SAWIin one
direction on a SAWsubstrate. Such a device is

advant ageous in the case of sueh SAW devi ces as SAW
identification tags. For SAWRFID tags, it is

cdsictaloide st dodeakdivntithdm yhendefehedf at-ebl agtiedonnected to

signal.s. I)n addition, .the esent .i nventi on provjdes

PEER g Bed Bt nhl B ERE Rl S el 4k o tne
eiergy igenesft et bgAhetopasdticst dhat pauld JiRe with the
been, ot herw se .di sca delgll IS adde%t t he ener of tdheb
S AEAP PO GRS it sEhe | BRafe cn g Graaqalocated about
isevent-edghphevi dgs for Rhgldefhnedaaeard@K>&12 a center

I stance abqut .equal to tw ce the_Rayl ei gh wavel ength

%Fegugé‘ﬁ%’ero FQ&ﬂ% %Or?hteh%ﬁ&?f%? §°Fhe Rayl ei gh

vavel ehgish) eheapeertart fmamiiton PrdPeaSAYsH| § i phdethucer
a positive integer mnus one. In another enbodi nment

?’%‘8 tr‘é{ﬁggiuc‘éPn%?’é‘%ll st §86%03t e@fbythRedi S8¥ncEn one

dfi rabedbrnonesrhald ofawhe Semdiaigh wavel gaghh at Yevice is

center frequenc the SAW |n still another

f .
BRBBTLRERE helgrgﬁgﬁuc%?sﬁle‘é? r GO o SN hEe¥igeRi drp SAW

ableabott canebauehyof tthe Baw fiFgH E‘@ch@', engt fsale@ rable to
gg% er ,fqﬁgg)uency of the SAW For manufacturing

eMfitéRc &1Ly PR @d9aht 8§eb6S 1E6tESe SdiaRAlfm Frpraddition,
hakh bheskel! eqiRfe@Pohheptbon8duCe or a more vigorous

interrogation pulse because the energy generated by the
transducer that would have been otherwise discarded is
added to the energy of the SAW interrogation pulse.

In one embodiment the invention provides for the
defined area to be a distance about equal to twice the
Rayleigh wavelength at a center frequency of the SAW, plus
the Rayleigh wavelength of a center frequency of the SAW
multiplied by a positive integer minus one. In another
embodiment the transducer electrodes are separated by a
distance of about one-half of the Rayleigh wavelength at a
center frequency of the SAW. 1In still another embodiment
the transducer electrodes each have a width of about one-
fourth of the Rayleigh wavelength at a center frequency of
the SAW.

For manufacturing convenience it is advantageous to
use aluminum for both the reflector and the transducer
electrodes. An embodiment of the invention provides for the
electrodes to have a low total reflectivity. In one of the
embodiments of the invention the electrodes have a

thickness about equal to one-tenth of the Rayleigh
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el ectrodes. An enbodi ment of the invention provides
for the electrodes to have a low total reflectivity.

wo poosHsss9f t he enbodi nents of the i nventi on thRCT/US2004/033353

el ectrodes have a thickness about equal to one -tenth
of the Rayl ei gh-5- wavel ength at a center frequency of
the SAW An advant ageous enbodi nent of the invention
provi des for the device to have a piezoelectric
substrate such that the nechapical reflectivity has an
opposite sign as conpared to the electrical of the

meficaehigtit y «@f the pehtedf ekeghieades ¥ tdHe saw. An
refle tor. Such plezoelect%lc suhstrate is 128 Lj No(GB.
CPOeRNSt REPCEB ent FRE widERtdon meovides for the

aee;qtcreookecs hsvkess iaycaesdtiard esupavebeRatduch Nthet the
still agnother enbodi nent _the width of the reflector is

c33 HafePERdIH Rh&2%5 RaPBPERGER. SAFR as compared to

a@w@m&@bpgw%f ofcheherd AVERLE QDL Pr QH dese f 9%11r of
éb | east. two open circuit_reflectors having a wdth

SHETORES oaFth Wlifel IRFYPHIRE separtidd by é’leZOdeCtrlC

dhiaree 0fi sjahodt pRephal f wavel ength. I n anot her
enbodi_ ment of the invention the excitation center of

the pafr &itidilectadabher| ocafiamnt sehen- viighbhs off the

21RBhelgh wavel epgt hraln aoﬁ@“&ﬁérfcé;%q%?é’léhétﬂ he 1 vet
SAWfromthe reflector, is varied by an anmount™ equa

5 PluLRRERRHuSTPE IRaenthef IRk epén-Eighrrélettar is
Rayxheiegh . wayekenghl b%uﬁ émf% wapotlagnh of the

i nvention provides a plurality of " pairs of
el ect PBd&SVRNtRIes kS ofMbpdipants obf der iarventdian amevides

gdalatt 9e@sRUBRET oMY NS bt ors having a width of
about one-fourth wavelength and separated by a distance of
about one-half wavelength. In another embodiment of the
invention the excitation center of the pair of electrodes,
located about seven-eighths of a Rayleigh wavelength at a
center frequency of the SAW from the reflector, is varied
by an amount equal to plus or minus ten percent of the
seven-eighths of a Rayleigh wavelength.

A useful embodiment of the invention provides for a
plurality of pairs of electrodes with each of the pairs
offset at a distance equal to a number of wavelengths and
connected to the same bus bars in the same sequence of
polarity. In another embodiment the device is further
comprised of a plurality of equivalent reflectors, with
each reflector offset at a distance equal to a number of
wavelengths from each other such that the reflectors do not
overlap the electrodes.

Another useful embodiment of the device provides for
it to be further comprised of a periodic set of defined
areas. In this embodiment the periodic set of the defined

areas are situated quasi-periodically with the period equal
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connected to the sane bus bars in the sane sequence of
polarity. In another enbodi nent the device is further

weovpiosasesl of a plurality of equival ent refl ecP@r/E$2004/033353

with each reflector offset at a distance equal to a

nunber of wavel engths from each other such that the

refl ectors do not overlap the el ectrodes . Another

useful enbodi nent of the device provides for it to be
further conprised of a periodgc set of defined areas.

In this enbodi nent the periodic set of the defined
abeahar pefgthatefd ghasidebinedi caldsy wit yrdsdepertpdn the

ual-6- to the I ength of the defined area or . greater
FRHE L hrBY | SRgtRERge L mebsn o B S ol iy PR Length
Ehewlgvelcgrgigi ngl oW ¥hehpag) ng allehig pedie al Defgthe of the
| engt h_of the giezoelectric supstrate. The jnventi on

e .
RICERSLPPBEYCHBTRT T PE Sus et Bf | IR ERpF bR Pagigfcribed herein

BRI dk& 611 pnahp CAWE T agsgluaeidf féct DA DSSAW transducer for
gg@l cations.  Yet  anot her enbodi ment of the invention
v

38§ PBPLACBELPRS -ty of defined areas placed in
par al ek aeeuski-CesmbINMMEl S cBRALALEHLBYnd provides for

wavel engt h, perpendicular to the propagation direction

81 PLNE MY, ndied eeefi casap d&ﬁ@%“\? etin| Rapartdrfleacoustic
ShbCeuEsaed sPalpaHAldy bseh UlaaBREheah, 0pe@hehd8 cular to
invention is for use in SAWidentification tags. Thus,

Fhe RxARAEddsuY | BRYCRELSO 95 GBef a%e enpndy &d afraically

tBandetkhednspacgiiell ocated on a SAWidentification
tag. An extrenely useful enbodi nent of the invention

provi B&s GBIrse SAVPFeV ke kaiaty | §sedigr il btaign gof the
invention is for use in SAW identification tags. Thus, the
device described herein is usefully employed when the
defined space is located on a SAW identification tag.

An extremely useful embodiment of the invention
provides for a SAW device that is comprised of (1) a
piezoelectric substrate with a SAW transducer located
thereon; and (2) a reflector on the substrate for
reflecting a response to an interrogation pulse generated
by the SAW transducer, the reflector arranged on the
substrate to substantially match the diffraction field of
the interrogation pulse. In one embodiment the reflector
is located in the far field of the interrogation pulse
while in another it is located in the near field.

Of course, the device may further be comprised of a
plurality of reflectors arranged on the substrate. 1In such
case, at least one of the plurality of reflectors may be
located in the near field and at least one of the plurality
of reflectors located in the far field of the interrogation
pulse and still be within the intended scope of the present

invention.
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pi ezoel ectric substrate wwth a SAWtransducer | ocated
thereon; and (2) a reflector on the substrate for

WO efoseadsPsg a response to an interrogati on pul B&I/US2004/033353

generated by the SAWtransducer, the reflector
arranged on the substrate to substantially match the
diffraction field of the interrogation pulse. In one
enbodi nent the reflector is located in the far field
of the interrogation pulse wayle in another it is

| ocated in the near field. O course, the device may

furthehebe_rﬁwmrlbsle@wo ap@buﬁabist ¥ of m@élﬁ@fméator to be
arranged on the s ﬁiate such case, | east one

GHAVRE Uk SF? R 9°BE°P6c8tfe63qnﬁttaﬁ)§ phase

AearcHd elik mnttator qalglwn@foftﬂéwelrp&éw%géwleﬁ pulse. In
reflectors |ocated in the far field of the

ehi ro@ﬁ?FBﬁrmﬁ@QPQﬂﬂ?%Fv | the wrehiaCERE | P erfiigved to

80BRE a0t ibkhe yPRESEAt ai EMERIGEN of7 coE drtV &M 10t S An the
provi des for the reflector to be curved tao

§&§§F§ﬁFFQPIﬁlﬁé@cﬂfat%%nﬂ@&ﬁrgpg@Gﬁéﬁhﬁﬂﬂﬁﬁhs631ﬁmﬁh§tlll

dihbthaet bpBokigbAL afnd % fI‘é@Engﬁé | QP Sl:eo dubsttdddially
anot her enbodiment , the reflector is curved to

SaBstaher A Fhe maniPur odnt eeRsbRnE dPRRaRARGPHIE ttgnr of

bBasdbhtr aghicanchkel digf tdhgel n&?ff?&é&heﬂ Pyligaq |3>f the
yet still another enbodi nent the reflector is curve

tBteupeganiral IBukRa ch bUdt hoeKeievhesly oitsebast ambodiment
BB@%d%%d £BE QoM oL £ DL GRAST BBt BIPId ddithe form a

diffraction field of the interrogation pulse.
sabfsrcealtaaﬂycug'éauur@n%@me@mdprs@hsd:@mtﬂ@rlJtmnatch either

EgE! eefRouo e i&% h%sfeorc@ %ﬁé’bégﬁg{%hél of constant

curvature shape and subst Bntial 'y match eit
amplitude in the diffraction field of the interrogation

pulse.

The present invention can also be usefully employed to
cause the reflector to focus a reflected pulse at the
transducer such that the reflected signal substantially
matches the amplitude and phase distribution of the
interrogation pulse.

The invention can be usefully employed when the
reflector is an either am open circuit metallic strip or a
short circuit. It can also be usefully employed when in the
case of non-metallic reflectors. A useful embodiment of
the invention provides for the reflector to be segmented.
In the case of a segmented reflector, a useful embodiment
provides for a space between each of the segments that is
about equal to one-quarter of a wavelength. In another
embodiment the reflector is designed to encompass the main
lobe and first sidelobes of the interrogation pulse. In an
embodiment where the reflector encompasses the main lobe
and first sidelobes of the interrogation pulse, eight

segments are used for the main lobe and four segments are
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constant anplitude in the diffraction field of the

WO niososasgat i on pul se. The present invention caPCHUSmMODE33353

usefully enployed to cause the reflector to focus a
reflected pul se at the transducer such that the
reflected signal substantially matches the anplitude
and phase distribution of the interrogation pulse. The
i nvention can be usefully enpBoeyed when the reflector
Is an either an open circuit nmetallic strip or a short
cisregui for | Bacan @f sohbe sséélLbbysenfdmoyead vl | Bt heixteen
case of non-netallic reflectors. A useful enbodi nent

T8 % Hvent i on provides for the reflector to be
SegrrerAt edignlLﬁlt:laﬂtC@S}ﬁodﬁmanﬁeglﬁ’léﬂhédllﬁﬁéﬂlﬁﬁbﬁfpr@v1des for

g&@l enbodlgﬁ % BYOVI s for, a space between each of
GREAES FREF PeSaddut SedifZA0 St fuatyRit ;te with a
\%\V\Ekeagﬂshlucb& apetbed emadidgrentadde(diefld ed®redtSor on the
dg@j%n to encongfss the main | obe and first

SUPSG6LE FI- t RRE{RTEAPTgAR | BRSPOFSE. t% aR interrogation
eriled @eﬁbr%@aebyhehéeféAwttqrarﬁmmmasSﬁfextéleck{@lflaflector
l.obe and first sidel obes of the |nteiﬁ£§§§|on pul se,

difg R TEBGREN S &he FEREEh&NGi # g ifloreurvature

wﬁﬁ@h&a@ﬁ@n 8o wsekdit £achyofnddia, si-del OQﬁEﬂQﬁdQ and
tal of sb Sen segnents . AS|C%A|f|cant enbodi nent

3fe Ofn Rt Aok f’p’F‘SWG’é’s il ch Sawfe WkenRgatian pulse.
(1) aThieeZRpleRtinisC HEbstnat §n@€lt @ Fef Vel %@ﬁid W ernative

| ocated thereon; and (2) a reflector on the substrate

e tiEeretti RS aPFespbis é Ve Ath st tékdt ithipse skilled in

the art may better understand the detailed description of
the invention that follows. Additional features of the
invention will be described hereinafter that form the
subject of the claims of the invention. Those skilled in
the art should appreciate that they can readily use the
disclosed conception and specific embodiment as a basis for
designing or modifying other structures for carrying out
the same purposes of the present invention. Those skilled
in the art should also realize that such equivalent
constructions do not depart from the spirit and scope of

the invention.
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pul se generated by the SAWtransducer, where the
reflector is arranged on the substrate in a

wG@psSn3ases al |y curvature configuration to subsp@nusmbs/g33353

match the anplitude and phase of the diffraction field
of the interrogation pulse. The foregoing has outlined
preferred and alternative features of the present
invention so that those skilled in the art may better
understand the detail ed descepption of the invention
that follows. Additional features of the invention

wi |l be descrBmEEfF heEeCREHTPONt bat Ther DRARE M) ect of
the clains of the invention. Those skilled in the art
shoul d appreciate that they can readily use the

di scl gged §ONEERS | Yorpldrepeindet MNP NLAStAe  present
bhasi s for designing or npdifying other structures for
CAVEATHGTout AHEIERRE putHosESYof Maee pr Egentthe  following

ideeRAtip®l onBhoskc &k i lihedddy ther abh Sl dt8ESQ ccompanying
reali.ze that such equival ent constructions do not
FERIOISr okt WE1SH it and scope of the invention.-9-

BR'EFF@E@@@'PI'CNl@EsEﬁgtQBAMENG%ﬂﬂﬁifé%g;éhéinqﬂfgﬁ%ducer

under st andi ng of the present invention, reference is
AGWifsde TR EH¢ Rt onillg RGePrPenons twikdn i hhe present
GORleRGbLIaN Wi th t he acconpanyi ng draw ngs, in which:
FIGURE 1 i'llustrates a unidirectional transducer .

devi cEIEHREL rAict bdUpPhratedr danvarienl tdfe presdmtirectional

iRseRELeRr Fbghggrackéhusﬁ{atgéc@r&ééhéntWQEha'theeepresent

uni di rectional transducer constructed I n accordanc
@mwﬁnpﬁ@nppggéﬁging more than one pair of electrodes;

FIGURE 3 illustrates the adjustment of the
transduction and reflectivity of a SAW device by utilizing
a plurality of pairs of transducer electrodes and
reflectors;

FIGURE 4 illustrates a basic unidirectional SAW
transducer constructed in accordance with the present
invention utilizing periodically distributed SPUDT cells of
the type illustrated in FIGURE 1;

FIGURE 5 illustrates a SAW filter utilizing at least
one unidirectional transducer constructed in accordance
with the present invention;

FIGURE 6 illustrates parallel-connected SAW
transducers generating surface acoustic waves in a common
acoustic channel;

FIGURE 7 illustrates a SAW tag utilizing at least one
unidirectional transducer constructed in accordance with
the present invention;

FIGUREs 8A-8F illustrate diffracted wave forms for
amplitude and phase of an interrogation pulse on a
piezoelectric substrate at various distances from a

transducer;
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invention utilizing nore th.an one pair of electrodes;
FIGURE 3 illustrates the adjustnent of the

W@ e@nsshises i on and reflectivity of a SAW devi ceP@iUS2004/033353
utilizing a plurality of pairs o f transducer
el ectrodes and reflectors; FIGURE 4 illustrates a
basi ¢ unidirectional SAWtransducer constructed in
accordance with the present invention utilizing
periodically distributed SPUDD-cells of the type
illustrated in FIGURE 1 ; FIGURE 5 illustrates a SAW
filteI@URE z9 nol st emisds one nefilkatent | onala piezoelectric

t cer canstruct in accordance with the present

icrﬁ)\%%%gﬁ%é:n;e Il&ﬁfcgrﬁ%nust r‘%ljftgé gﬁFaPFaS-eé’&nﬁé&%’gﬁ@mthat
ticansdaages gensulasiangt salffyaceadchushé cdieFesctloa field of
commn acoustic chanpnel: FIGJURE 7 illustrates a SAW

e
tage LJltrﬁtIelrzﬁOﬁ’@t&toq &as5ne uni directional transducer

const FUCIURE 10 ascorntgnosanmthtibe PARSERy wsvefticilectors
ES . 8A- E.i.llustrate.di ffracted wave forns for

El Rl .

a) r?p%}]teu F&Pend 1&9115?5 a6F9% 1R iciﬁtﬁjr]o gati ﬁG%]IE se/ ofg
pi ezo@IGWRE cLiSubBlusiatted WartepiSeshistMNLRS EkBMpAe of a
t ransd 10-. FIGURE 9 jllustrates. a reflector on a

cer; - . :
5ieET5E) @%{ et r RERT T HCHE Cortance WP hcpRetructed in
preesedanidey entilont hdapreseatr angesht Dosubsbantddantially

match th iffraction,field of the interrogation
B Sl Pabie tg PEBY FufPedit & CAouR (o ditignt phase
oEf lceet diffraction field of an interrogation pulse.
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of the type illustrated in detail in FIGJRE 9; and
FIGURE 11 illustrates a representative exanple of a

waeegsessesl netal lic open-circuit reflector conBCT/USL004033353

in accordance with the present invention that
substantially matches both the anplitude and a contour
of constant phase of the diffraction field of an

i nterrogation pul se.-11- DETAI LED DESCRI PTI ON
Referring initially to FIGURE1l, illustrated is a

uni directional transducer device 100 constructed in

accordance w th theparesesd bmsoRImToNShown is a top
view of a piezoelectric substrate 150 that has cel
110 located on its surface 155. The cell 110 has a

| engt Rek2Qahpbostc {3 G the BAMGRaY! £ gh waMelLenUld is o
(determ ned at the center fregyency of the SAWthat is

Jedeizess ionathe asyEsBIGR ri Eeyilsst r at @0 150pnstoherrd  in

R Rtk witl tBedpsisongl yntehtechi NdspBGnhak t%ﬁ)view
wavel ength wide floating or open circuit reflector

&id 2aphegrey ecstiiecerhgtpate éﬁoortémrarha@r qﬁét\ﬂeuérfgtlrpcated

wndgtgl get-rades 1440 @zﬁﬁsdc&me&(‘ilot \é\ﬁ 130, of about
pi ezoel ectric substrate. Each ectro es 140

soAgectba BBV aRake kh wayﬁkﬁmﬁthhédetﬁémenedtabddgecenter
e

HOAAOUIEEL bl B by S0 L BRRPIE st

sugstiredes 140) connBkoed ﬂ@lb@@mbacsll6olbﬂ opposltstrongly

fl
Q%lf@L%'c'i:YLn ?ﬁ@yhgﬁgslﬁg\%l@{ Lf v?fcié Oq_: J{hé:t ¢ odes open

|'oat’i ng ector I's Uused to cause
P4@CMth§e£l@@¢@Kréé@|éndlaSWﬁﬁ&HQHSHUﬁEactIﬁgwpalr of one-

bﬂ%%@%&o@aQ%Qghgﬁﬁ &Qae ef@b@f&ﬁgé(ykﬁ d%@g to excite SAWs

on the piezoelectric substrate. Each of the electrodes
140 is connected to a bus bar 160 such that the electrodes
140 are connected to bus bars 160 of opposite polarity.
The illustrated device 100 with a pair of electrodes 140
connected to bus bars 160 of opposite polarity whereby the
internal reflection of the floating reflector 130 is used
to cause the electrodes 140 to be a unidirectional SAW
transducer.

This invention provides for a unidirectional SAW
transducer constructed on a piezoelectric substrate 150 in
a space that has a length 120 of about twice the Rayleigh
wavelength at the center frequency of the SAW plus the
Rayleigh wavelength multiplied by a positive integer minus
one. Within the embodiment illustrated in FIGURE 1, the
positive integer is assumed to be one, thus the length 120
is equal to twice the Rayleigh wavelength. The direction of
propagation 170 of the SAW is from left to right. The
electrodes 140 , which can be aluminum, are located about
perpendicular to the direction of propagation 170 and are

separated by a distance of about one-half a Rayleigh
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transducer constructed on a piezoelectric substrate
150 in a space that has a length 12 0 of about tw ce

wao bh@s®soghbei gh wavel ength at the center frequenegT/o820041€33353

SAW pl us the Rayl ei gh wavel ength multiplied by a
positive integer mnus one. Wthin the enbodi nent
illustrated in FIGURE 1, the positive integer is
assumed t o be one, thus the length 120 is equal to
tw ce the Rayl ei gh wavel engtir- The direction of
propagation 170 of the SAWis fromleft to right. The

abeelleades . 148ach Wi adhee anel@teoab@mmcml Al®hacained fourth
about ﬁg $end|cular tqQ the.direction propa ation

F7ORIRECLPR WEH by adai Ahc & gEPRAtAvely,

aoRagkeedhtol a2 buswawel @egt Bf &pp&asqftet ftﬁal%lx&ﬁiy odes
140 i s about, one- fourt R@i h wavel ength w de and
each FOCaFESpdE R v h%oﬁﬁ té Po 3Sp i aPPeBO Cgfreuited

Q@EQ&bE@rpr@r |(€v]/11ch0@ahe§e%11ﬂhfh&ﬁl¢ eelientdl pataihel to
en circuited reflectaor 130 (which can be al um nu

5 CenPédpaPil | BLeEETPABS paltl of elgéﬁro&@§1f$G°rng3o is

p@tglle@b%dl%@ ithaR0SHd QRed 50 dthale tN8c£88heH s0flocated at
lection is |located at a di stance of about

éeeléﬁtérlﬁﬁt RS 8PPUL REVETeRLPRCRS oMt Re WaVEleAGSn from the

eqbtient9bnt Rerpair B telegiodes lecWhbghsi §4bak%1ch is
to_be the center of the gap between the el ectrodes

tabenThe Reddit nadRtef rekt FBR 6rPt Heeloaewhelhg Flemtrodes
1 8¢ .r effeCtRledb3 d-oaidsclhe cRals Ofhel 8&HT ngﬁgl%m the

In sonme pi ézoelectric substrates 150 the nechani Cal

patftestorefBactirvridshhbeanasppesi d esitgirdarmpat®d to
that ef tsmeelSrdsdlrdoPard Slpsetd eeli vidy. tﬁgenfé%%anlcal

of such piezoelectric substrates 150 achieves |ow
regsets gﬁféﬁgﬁgg@tgr has an opposite sign compared to that

of the electrical part of reflectivity. The use of such
piezoelectric substrates 150 achieves low losses for one-
quarter wavelength wide floating or short-circuited
reflectors 130 and electrodes 140 Dbecause of the
substantial cancellation of the electrodes 140 total
reflectivity. An example of such a substrate material is
128° LiNbO; where one-quarter wavelength wide electrodes 140
are weakly reflecting for aluminum electrode 140
thicknesses that equal about .1% to 10% of a wavelength.
Aluminum based alloys, such as AlCu with a low percentage
of Cu, and others can also be used as the material for the
reflectors and electrodes. To achieve maximum reflectivity,
the width of the open-circuited reflector 130 is between
within 0.3 of a wavelength and 0.5 of a wavelength. The
center of reflection is at the approximate center of the
wide short circuit or floating reflector 130 and the center
of excitation is at the center of the gap between the one-
quarter wavelength wide electrodes 140. The nominal

distance from the reflection center to the excitation
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wavel ength wide floating or short-circuited reflectors
130 and el ectrodes 140 because of the substanti al

W@ 200605dsag | on of the el ectrodes 140 total reflBPCr/US1004033353

An exanpl e of such a substrate material is 128 Li NbO

where one-quarter wavel ength wi de el ectrodes 140 are
weakly reflecting for alum num el ectrode 140

t hi cknesses that equal about .1%t o 10% of a

wavel engt h. Al um num based ahbkoys, such as AICu. with

a | ow percentage of Cu, and others can al so be used a
sdriermatani abef ofadikel r @fikBehors1and efecir apese1dgth by

achi eve maximumrefl ectivit the wi dth of the L
SR ot st bEor OFshes KRt heshom (Hith owithin the
aaldvel gt byand 0.dowfespomiiglengshi fEhe teentl@mddf optimal
reflection is_at the a]%gsoxirmte center_of the w de

d
M TGTIARIGEYF | J&t i s | Bet SRSl 3PRMnd St paredamigant 1y

Propejdtald e Eheakiﬁhe.cﬁnbéﬁlpéfi‘is'oirﬁ HARHREGEBRY- 4R and
onequarter wavel ength wi de el ectrodes 140. The nom nal
d’iesftqfr?é:@dfroﬁPFH@r ef IRKIRIFP M er WRVeHe (ignoring the

@edlledit i9th3vrCeRbehneagubet ¥ar WadeWdlth WRUOfr idgers in
vel ength by adjusting the position of the reflector
\%@ vﬂ‘ﬁ?‘hr?%%g ciflm 115 Hhine &R r &ponditAg $Higws t bhat the

folvagh <0 Rl AR r el idRGlIs0Nd | tahd |¥his GURE rotplgm%a%éw waves
I.s predom nantl é proopagat ed to the ri ght . conpari son
T

S UHE SFeneFRPERTRABIVRIV ect®RP f B¥RP® mrbpdd | mgflection

WRETT i(diaher 110+ hPe, T GEERCLEYEFYNEE HRE NS Y Rlenter of
wavel ength wi de fingers in the electrodes 140) within
fRe OB 1¥efdREReTt hah t he8phabidNBOBf.er divde ddigal SpPpPosite

digRethiles e RHRRA0/MGFMAVRS ILELEERCLthe generated and
%%gStrre%%téc\é(aelg 'si-c_gglealgh?tsée S%f, talg?i rt?hegcit:le?lg to cancel each
other. All critical dimensions in this structure, including
gaps, are on the order of one-quarter of a wavelength.

Where 128" LiNb03 is used with one-quarter wavelength
wide electrodes 140, the electrodes 140 are weakly
reflecting for metal thicknesses 0.1 to 10% of a
wavelength. In practice, for 128°LiNb03; aluminum
thicknesses ranging from 1% to 8% are most suitable for the
purposes of this invention. The thickness range is limited.
by increased resistivity for low thicknesses and by
difficulties in producing high-aspect-ratio aluminum
profiles for high thicknesses. Moreover, for each
particulaf thickness, a metallization ratio (a/p)
corresponding to vanishing reflectivity of the electrodes
140 can be found or determined.

For example, in a short-circuited long grating, the
reflection coefficient for a/p = 0.5 is close to zero for
the relative aluminum thickness of 2.5%. For higher
thicknesses, the metallization ratio has to be decreased to

attain low reflectivity. For a single one-half wavelength
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coefficient is + /2, with reference point at the
center of an open reflector on 128 Li NoO3 . For the

woppensdses di recti on, the phase di fference betvwenusive4/0333s3

generated and the reflected signals is 5, and they

tend to cancel each other. Al critical dinmensions in

this structure, including gaps, are on the order .of
one-quarter of a wavel ength. Were 128 Li NoG3 is used

wi th one-quarter wavel engt h-wide el ectrodes 140, the

el ectrodes 140 are weakly reflecting for netal

whidek A26ae$Nng. dr tep D Bidfcra thvaedlergbl. 113D ,pft&ﬁ ir‘é@lection

for 128 Li NbQOS Iun1nun1 hi cknesses r n om 1%
SoEETaCAEEt S8 LR ot e eret iy [ Righe HHak enat
If@)‘ste BhbeR. cTheut Beakspesqhangeri faléldigdby wide @asRd rodes
resistivity for IOM/thickne ses and%f difficulties in
8dut~?ﬂﬁgm KHRUBSPEEYTFARPo 2 umE PR %%%F.lp@s Tedrias gfp of

E@t&%@%s&@s aMar eqwer, for each particul ar thickness,
a nmetallization ratio (a./p),.corresponding to

vani shitnd sr &Meenity ithptors thd 381 SRFEIES 22008 N bFe aPPlied

freundtnerdeserdt Retes FUnEX aRledhi a1 afSiortel(édtﬁ!«Bdé?éj and
Iong grating, the reflection coefficient for a/p =
S

iref 6§é>rtso 78FBIPLE1RGe TR el e unPPﬁJthmRCPﬁPé%% 819n

Qe cBaPHal0rariy %@éc’éﬁi@éﬁﬁe§§§§ec¥:h€lf@t al | A\Z8theR example
rati o has to be decreased to attain low reflectivit

5P ta SsAgEé eanERiRaFF1haY&PENGBHY 42LINPES - | aatawgnefrlcant

FRER uekr e¢i theefheaheloh 3s0inbhgstebt 6ChikORbove-described
coefficient is found to be significantly_higher than

Shauctyreshast verkdd e e igehrtlactna@eandtl wnge strong

glgqbedes 3140, the maxi mum occurring for
metal lization ratios a/p of .
Turning now to FIGURE 2, illustrated is an embodiment

of a unidirectional transducer device 200 utilizing a
transduce with a pair of reflectors 230. In this
embodiment, the cell 210 has a pair of floating or open
circuit reflectors 230 with each reflector 230 in the pair
having a width approximating one-quarter wavelength. There
is a separation between each of the reflectors 230 in the
pair of about one-half wavelength. The center of
reflection is taken to be in the middle of the separation
between the two reflectors 230. The nominal distance from
the reflection center to the excitation center of the
electrodes 240 is seven-eighths of a wavelength and can be
varied within +10% of a period of the transducer electrodes
240 by adjusting the position of the reflectors 230 within
the unit cell 210 by a corresponding shift to find the
optimal unidirectionality. The pair of reflectors 230 is
placed between two pairs of transducer electrodes 240 which
are sequentially connected to two bus bars 260. The
critical dimension of this structure is on the order of

one-eighth of a wavelength, which renders this structure
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between . and 0.5. It is evident that simlar
approaches can be applied to other substrates and

woraiosns@abs for el ectrodes and refl ectors exhi bPET/mgR004/033353

properties of opposite sign mechanical and el ectrical
reflectivity. Another exanple that satisfies this
criterion is YZ-LiNb>O3 . A significant feature of the
invention is the use of the above-described structures
as weakly reflecting el ectrodes 140 and strong

reflectors 130. Turning nowto FIGURE 2 , illustrated
il%san ae;rmﬂa:&trmré ﬁérahughdﬂ:equéﬁa§l a@@lﬁ@&@%nge‘th@@l the
200 u I|Z|n% sduce w.,t pai r refl ectors

T OS S Ve et eFFSEfﬁthd-? & YERE of .

fI oat TG nahcORRA &lof FUGUREER| €€l DSt 230 W il @3CRmbodiment
Iect?]te 230 i.n the galr haV|ng a wi_dth approxi mating
e

rGuiftePMlader afgt AO0 RIS Risdmath iU BYR&R1r of
%a@@tqfodte@em@f l;ﬁat;oaﬁe?e%}séﬂtltanq qﬁﬂf‘a?&@&'tto the first

one- hal f_ wavel ength. The center ection is taken
PGiFe Ph t Réerta@desor 3¢Re yéEBra??%ﬂ befweéher haddid ional

aldceeltles 239. pdhesnewicBat dicstaneesd LARt F 2 number of
reflectlon center to the excitation_center_ of the

Pyeleagiss fromsthavehr e @ing off chemiradartandispnnected

€N e Wil b thhFs 100 0 ehdeddd QEqlRBce of polarity
transducer el ectrodes 240 by adjusting the position of

e thef Fé&sér 2430 off ediesterdegnpeOcel | 210 by a
cor r egpoNgh BEh&P1 TdmySifen@ |t h@h@ptshwal dev:Lge includes at

unidirectionality. The pair of reflectors 2
pleaedd Opst WeEr ERd Leaites 8f5t pansabitat lal @@xlo@é@rmo;o the

WiGh 26g18equentiual | LaCANBECLRd LaqivehUS RS £8%rs 335
-cl;l}efset at a distance of a number of wavelengths from the
first reflector 330, and, if the additional pairs of
electrodes 345 are present, the number of wavelengths (m)
will be m#n+l to avoid overlapping the reflectors 330, 335
with the transducer electrodes 340, 345. Here, positive n,
m correspond to a shift towards the right. This procedure
allows one to vary the number of transducer pairs of
electrodes 340, 345 and reflectors 330, 335 along the
structure, thus creating weighted unidirectional structures
with improved performances.

Turning now to FIGURE 4, illustrated is a SAW device
400 that includes a periodic set of identical sections
described in FIGURE 1, wherein transducer electrodes 440
are connected periodically to bus bars 460 of opposite
polarity, with a period equal to two wavelengths. Here, in
each section, only one pair of electrodes 440 is used and
the reflector 430 only comprises one one-half wide
wavelength and is floating or open-circuited. This
embodiment corresponds to an unweighted unidirectional SAW

transducer. It is evident that in a single-ended
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critical dinension of this structure i s on the_order
of one-eighth of a wavel ength, which renders this

W@ 200805689%- 15- | ess attractive for high-frequePCHUS2004/033353

applications than the structure descri bed above with
respect to FIGURE . Turning now to FlI GURE 3,

illustrated is an enbodi nent where the SAW devi ce 300

i ncludes at |east one nore pair of electrodes 345 that

are essentially equivalent tosthe first pair of

el ectrodes 340 with each of the additional el ectrode
84rcpaitry, ofchsets1ghaa disstc@memzfeda toures ©6f the bus bars

| engt hs_from the f t pair el ectrodes an X
\gg ﬁec? Bfl?he FhRE %g géol n tfe ghfginded. This
aﬁqdeﬁreectdfonaml afrdatqsﬁﬁzetmecénl}] r'be \%ﬂderd off ol %ﬁ‘éirﬁ%)ﬁﬁﬁlon of
. I n _anoth enbod t he SA evi ¢ce i ncludes at
Salls Vo RR R o TR AT e ReBRLP P ARt AT s Guch,
hedf.i,r soxr SM\TegteﬁéoiréQ aeaghtetst h@tad@ttéx%ﬂa'

reflectors 335 offset_at a distance of a _nunber of
wavel dHGTHES PEWh EReFEFPRE ?efitbidiraged &ﬁ’dam fUppdiment

addihkonakepai bs @&ref_ept;é@ BASa L &n Bl egBlleith8t least
nunber ,of wave Iengt hs be m+1 to avoi d

6VEr FRpPIRECthent f$]é"i7:ttd‘r3§19353{§3613§@0\/\n1ﬁh copgiected to input

buansguesr skeC¢tregesasiy 345. dkreinpPQsi t L¥8nBducer and
correspond to a shift tovvardsthe righ Thi s

BFBEEAGLETal FAHE Re TOMGalroURs ifgrberhannelangddcerand a
Rakesvehgel astdridrsc340, 5345 aﬁ@lh%&@%@éHz 33HeRdRically,

al ong the structure, thus creati ng wei ght
GRPBFFEEH dival ChY rodERFes DRt Parspraffedopecesy iancelse . same

ZebkRg cneWahife 1 $HRE 74, dHJSt Hat ﬁgtéa ARV 8 e iving
400 that includes a periodic set of identical sections
transducer 590 has more than two electrodes 545. It should
also be noted that a transducer may have any number of
electrodes in any of the embodiments of the present
invention and still be within the intended scope of the
invention.

Turning now to FIGURE 6, illustrated is an embodiment
of the invention where at least two wunidirectional SAW
transducers 600 are placed in parallel acoustic subchannels
610 of aperture W, separated by a distance comparable to
the wavelength in the direction perpendicular to the
propagation direction of the wave, and electrically
connected in parallel. In the particular case shown, four
unidirectional transducers are connected in parallel. The
transducers are separated by narrow bus bars 682, 683,
having widths on the order of one wavelength. The SAWS
generated by all transducers towards the forward direction
(to the right) create a single acoustic beam with the total
aperture close to 4W. Parallel connection of said
transducers decreases the resistive and diffractional

losses.



described in FIGURE 1, wherein transducer el ectrodes
440 are connected periodically to bus bars 460 of

wWopPensdses pol arity, with a period equal to twoPCT/US2004/033353
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wavel engt hs. Here, in each section, only one pair of

el ectrodes 440 is used and the reflector 430 only

conpri ses one one-half w de wavel ength and is floating

or open -circuited. This embodi ment corresponds to an

unwei ght ed uni directional SAYtransducer. It is

evident that in a single-ended-16- circuitry, the

si gnalrlilisaonitect edch tRIGURE of idey barsw hagwsi 460uaed e saw

. 460 i.s grounded. This unidirectiona
B G e et o TR 58y S s SRPENICS 700
laosk eawandehas fnUEEL 6HSt &PS| T%@tdlfw%tp@i%%dc Rin &he %tcé)ustic
actuators, et cetera. Turning now
ePiaRe s 71 PRe e FaTEn ¥ B AR CoF reREPRting To the
iideentiifdraftdion | IdRle apf | caHd onfevidier ebdbBtnbeastich saw
ane unidirectional SAWtransducer 500 is connected to
Pﬁﬁﬁ%l§&§QE%9§ 5895 dgdrating as an input transducer

and garerat ERIISAVEL hat SEsPe BEP USR03 NRRRS s R7bd in saw
gnd,a recei ving transducer 590, illustrated

S&Si cEPPy, PRombedti&d t 5Ot hehQuIFRSHis Bayemsen. For
h dﬁ1é@ﬁdS@ﬂ&d@%@@%ﬁbﬁaﬁhwm%ﬂséﬂgér|Ea§p9Hédﬁ%ﬁrped,

noted that the receiving transducer 590 has nore than
twé el ettrodedies fr WHRAW &Esccdd neeed g, asituated

hﬁ&%&d i oBYahave vath e RoElRRIF1048S £Hea?%€g%h of
t he enbodi nents of the present invention and stil
WIENPROFRET AT eHRAL SE opa Bt hehd enafdnpfohheTwasltign by an
neweyerFl GBS bl ughtatedgtasan @H@Odwgagﬁength slowly
changing along the length of the structure.

Another possibility is the wuse of a fan-shaped
structure. It is clear for a person skilled in the art that
such standard variants are included in the scope of this
invention.

The use of one-fourth wavelength and wider electrodes
in the present invention allows the manufacturing of the
devices with the standard lithographic techniques up to the
frequency range of 2-3 GHz. The use of wide and floating
electrodes as reflectors dramatically decreases the
resistive losses, especially in applications where a wide
aperture is important, such as SAW tags.

Turning now to FIGUREs 8A-8F, illustrated are
diffracted wave forms for amplitude 810 and phase 820 of an
interrogation pulse on a piezoelectric substrate at various
distances from a transducer. Dealing with the two
extremes, illustrated in FIGURE 8A is a near field waveform
and in FIGURE 8F is a far field waveform. As can be seen
in FIGURE 8F, as the interrogation pulse gets further from
the transducer, it spreads and diffuses. FIGURE 8F shows
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of the invention where at |east two unidirectional SAW
transducers 600 are placed in parallel acoustic

wawshsasoel s 610 of aperture W, separated by BCT/US2004/033353

di stance conparable to the wavelength in the direction
per pendi cul ar to the propagation direction of the
wave, and electrically connected in parallel. In the
particul ar case shown, four unidirectional transducers
are connected in parallel. The-transducers are
separated by narrow bus bars 682, 683, having w dths

maﬂwmmﬁeheoémpmetwgu% Ira]cmgatfxtd pﬂbasegls\é& @ﬁn@ha% %dltlﬁ% have
all trans ers war t he, f.orwar i rect 0 e
A ey J2BE 2o AP e e B S o {1 hAEH gpear as

mbﬁﬁﬂlﬂeﬁrsd ose the 4difatabkelgTmnnecti«ye of opaisd 830, 835
tran %I reases the resistive and diffractiona
RS G aRoaralvi nol chRe. 7ePeray SAnPasy, 6a11 be

&ﬁdé‘c@ecﬁ/—\wﬂiﬁgl@p@ﬂéﬁﬁd:@l Wherehn i l&apture as much as
nldlrgé;lonal transducer 700 and ANVldentlflcatlon
ShaneFPY a5 PRES4R4Esti ¢ channel 710 to

Cr eat euveSRRNSOWS LBNALSUREIS eSPARMH ¥k e tike 5 reflector on
i dentification code of the deV|ce bear di ng such saw

iPd EAEIZA tata sg8SErUCtpd 8 8GraERRNERaVisEyEhE DPresent

kRQwm St trRs used aax&a%@%\ad%cesslmrﬁ%appyl ehih the
the resent invention. For exanple, sa

FREEBh A1 b bR i Jé’aﬁﬁlb@&qﬁweopuls@ Iigustrated

iincl pdesra nugrber; Of 5 Sl RREHRS veST ENRt Q',da% 1000 us:Lng
guasi - perlodlcall¥ with the period equal to the

S LRE LOEE: 18R CoPT gFatiemre Had usha atasyin éfettaﬁel T Froums

sectipgn by JansdAleger numbersifovavel &g hseohBeructed  in
wavel engt h slomd¥
accordance with the present invention can be used in either

the near field 1020 of the interrogation pulse to capture
the energy depicted in FIGURE 8A, or in the far field 1030
to capture the energy depicted in FIGURE 8F. Of course, a
plurality of such reflectors 1010 will be generally used in
the case of a SAW RFID tag 1000, which means that a
reflector 1010, or reflectors 1010, of the type described
herein may be used in the near field 1020 on a substrate
and others in the far field 1030 on the same substrate, all
of which is within the intended scope of the present
invention.

As illustrated in FIGURE 9, the reflector will be
shaped or curved to substantially match the contour of
constant phase or contour of constant amplitude, or both,
in the diffraction field of the interrogation pulse. Of
course, if non-metallic reflectors are used or if the
reflectors are not electrically isolated, in the case of
metallic reflectors, it is only necessary to match the

contour of constant phase of the interrogation pulse.
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changi ng along the Iength of the structure. Another
possibility is the use of a fan-shaped structure. It

w0 g008l0a@98 f or a person skilled i n the art thaPCBHUSIN04/033353

standard variants are included in the scope of this

i nvention. The use of one-fourth wavel ength and w der

el ectrodes in the present invention allows the

manuf acturing of the devices with the standard

I ithographic techni ques up teothe frequency range of

2-3 GHz. The use of wide and floating el ectrodes as

refl e dﬂ’a@ﬂ}bltel aabhbsdiaﬁtea$e§d{r€mﬁté§§| 8bi ?é@gment ed the

especi g appli_cation ere a wde

i R Ay e

2 JIHARESh SAcSitc ol | B Icdied aaice ghddd agtednvav@®ntour of

forns for anpl.itude 810 and phase 820 of an

GRS RRFat iR pHEe ot itz ol Hhradt WRbstFirkd atof  the

vt glitsicncesuf som a trapsdyger . a@@@ﬁté@e&&éh EE%m a
two extrenmes, illustrated in FIGURE 8A is near field

RRARHERG RIS F{lFW@REtSﬁl%ealFailsf‘i“@F@ %@@%@m pos form

GRS SeRat | hakbBURMSFsi88al h%drﬁztcﬁffsog@fléﬁn u%%l%e small
gets further fromthe transducer, it spreads and

FIREREOF APRYRINBALE t Akt DARALEGE aspPntedge of
it hase 820 wofe thaPusadave a r@éﬂé&&er@qs that

and si del obes 835, which appear as shoulders to
friien Viods@gg3dn e see § ko B Imn gE5TesRsERELLE ¢¢retrolled

R Qi Bén@;odtlpr%n%ngﬁfg¥héh§ﬁv%l:Hoﬁel{:eflggcbggn #aﬁuﬂo“.; (tj',o be

beneficial to try to capture as nuch as this reflecte
SRBPEF AREPEs sitsl e SCHRSHItng thew txefHleIRIE 9 into  segments

iddgastiled Yys @phebkeChphr8Rimating one-quarter of the
central frequency of the SAW being propagated by the

transducer.

Another advantage of curving the reflector is that it
permits the reflected signal to be focused in a mannex that
allows the response pulse to have the same approximate
shape as the interrogation pulse when it is detected by the
transducer. Thus the response pulse will have
substantially the same phase and amplitude as the portion
of the interrogation pulse that reaches the reflector.

The design described herein can be used for both open
circuit reflectors or short circuit reflectors. It cam also
be used for non-metallic reflectors. 1In the case of non-
metallic and short circuit metallic reflectors it is only
necessary to match the contour of constant phase of the
interrogation signal.

As can be seen from FIGURE 8F, it is advantageous for
the reflector to encompass encompasses the main lole 830
and first sidelobes 835 of the interrogation pulse . of
course in the case of a near field reflector, as can be

seen from FIGURE 8A, it is only necessary for the reflector



a piezoelectric constructed in accordance with the
present invention that is arranged to substantially
woradosi3dsbe di ffraction field of the interrogatPONUS2004/033353

pul se. Illustrated in FIGURE 10, is a representative
SAWtag 1000 using reflectors 1010 of the type
illustrated in detail in FIGURE 9 . As illustrated, a

reflector 1010 constructed in accordance with the
present invention can be usedoin either the near field
1020 of the interrogation pulse to capture the energy
d:e;pieclbeﬁpiaﬁsFt&JREaBﬁ\ loe igBd hasifide thel 814838bEe; 835 are
capture_the ene rﬁX |ct f in FIGQURE 8F, O course,
Sictaeidy ofRdighingy Pebehie: 1016twas bBEe§Bner ARG fo be
m@mtagbquaSQ heacSAW &FIdhd a0l 80Q1 awhheh aE§€§mented
é a reflector %810 or reflectors 1010, of thet
Fﬁcﬂié’df Het e tBe‘i?@edf?‘%Ft%%@ﬂP@éfrsff@Fdefm %ﬁ the

%ﬁiléb.%ibré%t g3angnat @@gﬁtlgeérh@né@rfcfﬁ ehd 338 98pthe3o, for
sanme substrate, all of which is within the intended

Scbp&3dt AfhEiFEesenEeomeatsi dR. thes TPELESEPEted i n

FI GUREu@rtihg kef Feetiel wyl | 1@§u§999€gd0{sCét”i’@ﬁgrégentatlve
substantlally match the contour of constant phase or

£ off c&ws?ﬁﬁlﬂeﬁﬁﬁfﬂl tRfer 1 bic bePRN-FATEHEt reflector
dichistaelcireq firela Afrddifd AU agal 'ﬁbé@ﬂ@eln\gntlon that

course, if non-nmetallic reflectors are used or if the

FEpPrEensialdve RbCchese bt dihe Judlidnele and thecenseur of
QonRbak! bhabel bECLIE K1 fird & QM ¥iReGESEALY LA IBLEBation

the contour of constant phase of the interrogation
PW-§€-- 19- There can be a substantial advantage to

Segneﬁtl%@loh%% kel %ﬁte%rerfto fRrR L By dYeribed in

curvature s ape th
detail, those skllled in the art should understand that

they can make wvarious changes, substitutions and
alterations herein without departing from the spirit and

scope of the invention in its broadest form.
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mat ches the contour of constant phase or the contour
of constant anplitude in the diffraction field the

WO ndossasgat i on pul se. It is advant ageous frr onPEI/US2004/033353

manuf acturing viewoint since it is nore difficult to
formcurves that match the signal contours than using
small straight lines to approximate it. Another
advant age of segnentation, in the case of netallic
reflectors, is that the volizge in the reflector can
be nore easily controlled. In one enbodi nent of the

i nvenyaen s 6aaThepnrfeund to be advant ageous to
segnent the reflector into segnents separated by
spaces approxi mati ng one-quarter of the centra

frequency gfsthe; SAYRRIAY PaRaJated) evide, comprising:
transducer. Anot her advantage of curving the reflector

i s tlpradafings ¥e2t AB PefPRINILG Gghet EHosETRpEEuSEHERIN

WRiBn"BENEScdhad A lpes EhechesppastePUbs d oy Ecil8r to
same approxi mate shape as the interrggati on pul se when

Ehej §AHetéseeioReof r nRSEEGRELIOTHhURNE he response pul se

Wil Qavﬁa§fb%iantlio@} | YeEDEB alBL Phases ek @p! id1ude +odes
as the portion of the interrogation pul se that reaches

tneatedl estbin Fhdddésfinedeaee? Rf romierteed e ARR@SIng
LG BRED, bef AT dod 1R HARi0LISHOED Ehbiitection of

ectors. It can also be used . non-netal | i . _
paf He @28t spropaghblensangf nasiteiailad cwhkld §hertexcitation

EELEML! PPt 8Ly lC Jahl €6F 0L ek rloBeaN! Yodres SO seven-
mat ch the contour of constant phase o f the
eapbEhegatfi en Reivgdloh. wayedanabd séem faesvher dUREgmcCy of

LhibS AV 2RLA98AYE HeF1ector.

2. The device as recited in Claim 1 wherein said
defined area is a distance about equal to twice said
Rayleigh wavelength at a center frequency of said SAW, plus
said Rayleigh wavelength of a center frequency of said SAW

multiplied by a positive integer minus one.

3. The device as recited in Claim 1 wherein said
electrodes are separated by a distance of about one-half of

said Rayleigh wavelength at a center frequency of said SAW.

4, The device as recited in Claim 1 wherein said
electrodes each have a width of about one-fourth of said

Rayleigh wavelength at a center frequency of said SAW.

5. The device as recited in Claim 1 wherein said

open circuit reflector is aluminum.

6. The device as recited in Claim 1 wherein said

electrodes are aluminum.
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the reflector to enconpass enconpasses the nmain | obe
830 and first sidel obes 835 of the interrogation pul se

WO 2006/086398 se in the case of a near field refl er€DUS2084033353
can be seen fromFIGURE 8A, it is only necessary for
the reflector-20 - to enconpass the nmain | obe 830,
since the sidel obes 835 are virtually
undi sti ngui shable . It has been found to be
advant ageous, in the case of2phe far field when a
segnented reflector is used, to use four segnments for
each of. thahsi thﬁxﬂhﬁ 8§5|ra@?lte'dgmtn Seyaent § fm{eﬂé'lﬁl said

in.|lobe 830 or .a tot 0 Xt een segments in the

%@ﬁ‘%&‘%ﬁ? %ﬁr"’r‘ﬁ fg 10 %P%B&Erf%i SCriydteated is a
representative exanple of a segnented netallic
open-%ircui%]re | ector constructed in_accordance with ,
the pfesentEnEntiTh RatSSib&fantt aff§iHnbcrEensdth said

e cameldelsudenvanda a teorkaes sofaanst agtiaphase Rfe-theth of
dif.fraction field of an interrogation pulse . Al though
fhe D FBYE AL I NYEREL BRIRR P b FIdSH iThedUeRCdePhi Faid SAW.
those skilled in the art should understand that they

can make various, changes, substitutions and
al t er ti onsPfer SV i%et hédt  d&sEtachg ¥t orkaHen sph r i furt her

aBethpsG@RRgOfutiNe 4 iuend | BhekBel bet Pl 0adRS s th AR -kt that
T IS CLAIMED IS: 1 . A surface acoustic wave (SAW
&G cBechgnprrdi ngefacgbivaby ahed oAna pPR9®EFectyidn as

suhphiratieryl the e MbCh; 51 LQGAL o RMORERIEEEEY) i
refl ector perpendiculé? to the SAM/dFrectioEE%?hEy'Of said

PPdpaldt PdRCtardes parr safd) sRElerEesti vity transducer
el ectrodes

10. The device as recited in Claim 1 wherein said

piezoelectric substrate is 128" LiNbo03.

11. The device as recited in Claim 1 wherein the
width of said electrodes is 1less than one-quarter

wavelength.

12. The device as recited in Claim 1 wherein the
width of said reflector is between .3 wavelength and .5

wavelength.

13. The device as recited in Claim 1 further
comprising at least two open circuit reflectors having a
width of about one-fourth wavelength and separated by a

distance of about one-half wavelength.
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| ocated wthin said defined area and connected to
opposi ng bus bars, said el ectrodes perpendicular to

wao b@sasasexti on of said SAW propagati on and posPCT/U8m8d4/033353

with the excitation center of said pair of electrodes
| ocat ed about sevenei ghths of a Rayl ei gh wavel engt h at
a center frequency of said SAWfromsaid reflector. 2
The device as recited in Caim1l wherein said
defined area is a distance abgut equal to twi ce said
Rayl ei gh wavel ength at a center frequency of said SAW

pl us gai.d Ray ed@&uwvaberx@tdat@ta arcenl &imf nequen@imfsaig

d. W rmul ti pl ositive | nteger mnhus one.
Sl SR o DA RO LYC | LEger, I IS, OT6 e

elefelr-edem L S:ﬁpafc'ﬁt G@aﬁb/eﬁglﬂ' StaRCrergtabt o  center
%ne haXf of sald Ra eu%: mavelength at a center
FEGUERSY & Said om Bl et e doy eks terried by an

@n‘@umtl SMRIel ¥ Sl s ebechiades ceach e a W didy Pfseven-
t one -fourth of said Rayleigh wavel ength at a
ﬁ%@ CdqFe F&Y 1L RaW@VSARPIE L. The device as
reC|ted in G a|n11 wherein said open circuit reflector
is alumnum . The device as recited in CCaiml
wher eilR ‘saildhel dSisEes o e ERUHESUMLp2 Claim The further

devipse =A% afd t?gukﬁlg: | Beb Ml%se' Qfséﬂgc%E88EE°d%%ch of

have a low total _reflectivit devi ce as
etk RpI%S Phi mLechrerei 9L &.ea éltecqlr@@léifyah@@eeaual to a

hbkress aaeeueﬁggﬁls 5Ra et &tdy oo & 31 Sﬁa\&é' gl ars in

wavel ength at a center frequency of sai
§6¢i £8Mes Seakiensg Of BedRMLEYR urt her

16. The device as recited in Claim 1 further
comprising a plurality of equivalent reflectors, with each
reflector offset at a distance equal to a number of
wavelengths from each other such that said reflectors do

not overlap saild electrodes.

17. The device as recited in Claim 1 Ffurther

comprising a periodic set of said defined areas.

18. The device as recited in Claim 17 wherein said
periodic set of said defined areas are situated quasi-
periodically with the period equal to the length of said
defined area or greater than the said length by an integer
number of wavelengths, said wavelength slowly changing

(chirped) along the length of said piezoelectric substrate.

20. The device as recited in Claim 1 wherein said
device is used as a unidirectional SAW transducer for

application with low loss.



conprising utilizing a piezoelectric substrate such

that the nechanical reflectivity has an opposite sign
wW@00s08G89% ed to the electrical part of the refP@US2004/§33353

of said pair of electrodes and said reflector. 10. The

device as recited in Caim1l wherein said

pi ezoel ectric substrate is 128 LiNoO . 11. The device

as recited in CCaiml wherein the width of said

el ectrodes is | ess than one-ggarter wavelength. 1

The device as recited in CQaim1 wherein the width of

sai dI 2éf.| e dher id@azkieievvems .Srem\»tﬁd%ngim ammao i® lf fullfth_er

13., . The,device as . recited.in aim1 furt
£$M15ﬁ%%%1 ﬁbp&PngégV P&osgbgng%FFEE@ta?%??e%?%r%laced in
paviadd ed vackhibstofc ababt chaenkow,t el gt Byard distance

r.at by a_di stance of .ahout_ one-half .
Vs a%ﬁg%ﬂhe. Logrhe MaValenarly it the ThEresionmoerRemicul ar
\woe téien psrapdgexdbhatli e8ceeshes £ of hs aldhvdal dn@fclectrical 1y
ele t%%d?ﬁilocateg agout seven-ei ghths of a Rayl ei gh
weverength & PATE&nElr frequency of said SAWfrom said
reflector is varied an anmobunt equal to plus or m nus
ten pSECenEhpf(faLd seveneighths of a_ Rayl ei gh _ _
wavel &figt h' P COMHEURS cEeaitreciifeF I & wherein said
tleftihed epapkl $enloaktphiubal bt ¥aRf iR8hE$r9Eation tag.
el ectrodes, each of said pairs of electrode of?set %t
a di stance equal to a nunmber of wavel engths and
connected to the sane bus bars in the sane sequence of
pol arity.
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16. The device as recited in Caim1l further
conprising a plurality of equivalent reflectors, with

weamh/0sasPs ect or of fset at a di stance equal to BCTHUSYE4$/033353

of wavel engths from each other such that said
reflectors do not overlap said electrodes . 17. The
device as recited in Caim1l further conprising a
periodic set of said defined areas. 18. The device as
recited in Claim 17 wherein-gai-d periodic set of said
defined areas are situated quasi - periodically with
the pedi.odre@ad deviides lcengirisdthosai d defined area or

greater than t ald |l e an i nteger nunber of

wavel Engbhs?® 2‘?8‘? wavel éﬁgﬁqifa&yeomﬁﬁvéﬂgngﬁ n&Af"chW?a%%c)mcer
dlagrag eiche hlegagtnl) @hdsai d plezoelectrlc substrate.

The device_as recited in ei n_sai d device

is usé&d ggfg ﬁﬁfﬁ]rggtlgﬁég Sﬁﬂ%?pgﬁgaucg?rfo?efleCtlng a
afEspiotatsl aro Vark hlht)é\rk©§§tloﬁ4pu2ée fheecdarede B5 said SAW
reC|t§q in dai, ther: conpris a plurality of

&R S e SOt XL edTF nﬁﬁﬁa%Feﬁ%%ﬂnﬁﬁh%?%ﬁRﬁ to
chamtens.iadagar amdclby g&hel SIANCE-LORA abkee1Q tRE said

el ength.in thgﬁdlrectlon per pendi cul ar; to the
6f%ﬁ§§3 P54 ogi PEMEfon of the wave, and el ectrically
connected in parallel. 22. The deV|ce as recited in

Caim % eln sai defined space is |ocated on a SAW
i dent P ca& 6n d5¥g co RS srechtedwiBefladm egnprhaygig said

aeffilezeelethr L6caubat IRt thdad NG 12 13AWEt EAN§ MG Lrrogation
Ioiated t hereon; and

25. The device as recited in Claim 23 wherein s=aid
reflector 1is located in the near field of said

interrogation pulse.

26. The device as recited in Claim 23 further
comprising a plurality of reflectors arranged on said

substrate.

27. The device as recited in Claim 26 wherein at
least one of said plurality of reflectors is located in the
near field and at least one of said plurality of reflectors

is located in the far field of said interrogation pulse.

28. The device as recited in Claim 23 wherein said
reflector is curved to substantially match a contour of

constant phase in the diffraction field of said

interrogation pulse.
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a reflector on said substrate for reflecting a _
response to an interrogation pul se generated by said

w@2sos@sducer, said reflector arranged on sarPdrI/us2004/033353

substrate to substantially match the diffraction field

of said interrogation pulse. 24. The device as recited

in Claim23 wherein said reflector is located in the

far field of said interrogation pulse. 25. The device

as recited in Caim23 wherepg-said reflector is

| ocated in the near field of said interrogation pulse.

26. The .devilee dsviesi dedréaitkai 231Ut M8 wherein said
co r|§tgg a plurallty of reflectors arranged on said

cYREeeVi ceSlg%gtraéEthae]&X nhef ghmepgontour of

\Maﬁrsalalmtat shpddicusiee ah sahd phuFakibyish refbeat 0b$ said
i.s.|l ocate e near field and at | east one of said

SRV = %&Pnréﬂ ¢t'ors is located in the far field of
said interrogation pulse. 28. The device as recited in
said reflector is curved to

d
suglst éﬁt i \gﬁ?ﬁ?elrfgeiwea WOntetited EBnStadn pPRaséereimesaid

dicftfleaeioron o idlwrad i shiddyerdicgaty ol St,ene 285n€Sur of
The device. as recited in Caim23 wherein said

CERBEEREr PPeseupRedths m<unQfacrpskanth aapédhtder in the

dfi fEeastabh atRilid wie dadt hecdikbeactbang Lu%ted of said
i nterrogation pulse. 30. The devicCe as reC| ted in

Claim 23 wherein said
32. The device as recited in Claim 23 wherein said

reflector is segmented to form a substantial curvature
shape to substantially match either the contour of constant
phase or the contour of constant amplitude in the

diffraction field of said interrogation pulse.

32. The device as recited in Claim 30 wherein said
reflector focuses a reflected pulse at said transducer that
substantially matches the amplitude and phase distribution

of said interrogation pulse generated by said transducer.

33. The device as recited in Claim 23 wherein said

reflector is an open circuit metallic strip.

34, The device as recited in Claim 23 wherein said

reflector is an short circuit metallic strip

35. The device as recited in Claim 23 wherein said

reflector is non-metallic.

36. The device as recited in Claim 23 wherein said

reflector is segmented.



reflector is curved to substantially match the contour
of constant phase and the contour of constant

wa@epbiosasde in the diffraction field of said  PCT/US2004/033353
interrogation pulse. 32. The device as recited in
Claim 23 wherein said reflector is segnented to forma
substanti al curvature shape to substantially match
ei ther the contour of constant phase or the contour of
constant anplitude in the dipffraction field of said
interrogation pulse. 32. The device as recited in
d ai m330 wheleei devidd sef keetioed ocusesaamr 8kl 8tea®in the
pul se at said tral;r}]gﬁ cer .t hat substantially matches

e SHITGE &RG s&24PsFPPBERFEn18f 2bgil equal to omne-
iii=8iteagalfi QN wRkled@ngemer ated by said transducer. 33.

The device as recited in Caim23 wherein said

reflector is an open circuit netallic strip. 34. The

devi cgaas ree tedride Aaireddcylenai t1sahd Iefhestdm saig
is an short circuit netallic strip 35. The device as

FEGHEEE I SECAMRPES SR EPEI MadR; aogéf pBet 6t rpl sidelobes of
@a}dﬂ@ﬁﬂéﬁﬂéga%ﬁoﬂT 1@@V|ce as recited in Caim23
wherein said reflec is segnented.-27- 37. The

device as recited in Cla|n136 wherei n the space

bet ween eaaipOfgsaid Sﬁr@é‘@:f'téé QHO@la‘iwéﬁB thHein said
equarter of a wavelength. 38. The device as reC|ted'

%%%%QE?FM%QP@WEaﬁéﬁFeébérméﬁéoﬁﬁb@ségdtﬁérﬁﬁ|$#¢kabeS of
ard J 1iiteSiddplakes ggjlsc@' &hnd né?gh@@%&bﬁ%nw! %‘?ﬁ‘e 3ded For

The device_as recited in Calm28 wheréin sa
said main lobe and four segments are used for each of said

sidelobes.
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refl ector enconpasses the nmain | obe and first

si del obes of said interrogation pul se and ei ght
wWGQe@sossss are used ffor said main | obe and f ouPCT/US2004/033353

segnents are used for each of said sidel obes .-28 -

40. A SAW device, conprising: a piezoelectric

substrate having a SAWtransducer |ocated thereon; and

a reflector on said substrate for reflecting a

response to an interrogati oiegpul se generated by said

SAW transducer, said reflector arranged on said

subst4at e Ansawsdbsiaat i abhyrtadvat ure configuration

to substantially match the anplitude and_ph f the

i £ 1 et 7 I G ot s BPHSFREEFr GiatiTBh pulSAY Cransducer

located thereon; and

a reflector on said substrate for reflecting a

response to an interrogation pulse generated by said SAW

transducer, said reflector arranged on said substrate in a

substantially curvature configuration to substantially

match the amplitude and phase of the diffraction field of

said interrogation pulse.



