WD 2005/ 036898 PCT/ US2004/ 033353 A SI NGLE PHASE UNI DI RECTI ONAL SURFACE
ACOUSTI C WVAVE TRANSDUCER AND | MPROVED REFLECTORS 5 CROSS- REFERENCE TO
RELATED APPL| CATI ON This application clainms the benefit of U S. Provisional
Application Serial No. 60/509,693, filed on 08 10 Cctober 2003, and
entitled " AvBi20a5l0a68Phase Uni directional SAW Transducer " REIVHR3004593338%1 gned
with the present invention and incorporated herein by reference. TECHN CAL
FI ELD OF THE I NVENTION 15 The present invention is directed, in general to
surface acoustic wave (SAW devices and nore specifically, to a
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i nproved reflectors for SAWdevi ces. 20 BACKGROUND OF THE | NVENTI ON The
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to devel op smaller and nore WO 2005/ 036898 PCT/ US2004/ 033353 -2 efficient
conponents. For exanple, wreless conmunications systens are requiring

i ncreasi ngly enhanced performance from passive conponents used for signal
processing, particularly those operating above one GHz. In the case of 5
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| ow passband ripple, high degree of Ilinearity of phase and high
selectivity. To neet these denmands singl e-phase unidirectional transducers
(SPUDTs) are frequently used. SPUDT devices can al so be used for 10 SAW
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A SINGLE PHASE UNIDIRECTIONAL SURFACE ACOUSTIC
WAVE TRANSDUCER AND IMPROVED REFLECTORS

CROSS-REFERENCE TO RELATED APPLICATION

This application claims the ©benefit of U.S.
Provisional Application Serial No. 60/509,693, filed on 08

10 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

15
The present invention is directed, in general to
surface acoustic wave (SAW) devices and more specifically,
to a single-phase unidirectional surface acoustic wave
transducer and to improved reflectors for SAW devices.
20

BACKGROUND OF THE INVENTION

The never ending trend toward smaller electronic

devices increases the pressure to develop smaller and more



e —————————

A SPUDT structure calls for the placenent of reflectors and transducers in
such a way that, within each wunit cell, the center of transduction is
shifted with respect to the center of reflection. ldeally, this phase 15
shift should be equal to one-half of pi (n/2). In nost SPUDT structures,
el ectr odes waoesosiosstdh of a Rayl ei gh SAW wavel engt h wi d@CIAL$2008H3I3883t or S
ranging fromone-fourth to three-eighths of a wavel ength wi de are used to
obtain a nonreflecting transduction. In the najority of cases the 20

el ectrodes are one-eighth of a wavel ength or narrower. Consequently, in the
GHz range the critical dinensions of electrodes are beyond the |imts of
feasibility for large scale fabricatior2techni ques based on opti cal

| i t hography. For SAW devi ces operating at 2 GHz and hi gher 25 frequencies,
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are frequently used. SPUDT devices can also be used for
10 SAW sensors and SAW radio frequency identification tags.
A SPUDT structure calls for the placement of
reflectors and transducers in such a way that, within each
unit cell, the center of transduction is shifted with
respect to the center of reflection. Ideally, this phase
15 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 o©of a wavelength wide are used to obtain a
nonreflecting transduction. In the majority of cases the
20 electrodes are one-eighth of a wavelength or narrower.
Consequently, din 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
25 frequencies, the wavelength is about 2 wum. 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
30 section for the electrode causes resistive losses to become
unacceptably high. For this reason, SPUDT transducers are
seldom used above 1 Ghz.



tags, it is inportant that as nuch of the energy reflected 10 in response to
a transducer generated interrogation pulse be captured as possible. If an
alum numreflector located on a substrate is the sanme size as the
transducer and if that reflector is straight and substantially

per pendi cul &P 20a59368B% i nt errogati on pul se, a subst anti alPCIHSAME/08B5kner gy 15
generated by the transducer is not going to be included in the reflected
pul se. This is because a portion of the pulse generated by the transducer
does not inpact a reflector due to the fact that it expands in size as it
travel s down the SAWtag surface away fromthe transducer. 20 Thus, what is
needed in the art is a better reflector -3for use on a SAWtags that have the
capability of capturin nmore of the interrogation pulse energy in order to
return a nore vi@@F@ﬁglﬂSﬂWBcW&@IsHGhmeedgdth@ thensabcas. a2§o&w¢¢ﬁw OF THE

| NVENTI ON To \aidiig35:4 B8 200 @ iiiss etadebhel 8888 cObn! BepuBEiogcart, the

present inventi on provi uni di rectional " transducer
device. |In orat 30requandiiemthigberebhae 16Ezubkat (¢rnabgefanufagretedn a

pi 206! eot 'l GueSuiShial o Wi Noubl e ded 06R6H. 20BN, T kel cb 0t or

per pendi cular to t rection of propagation pair | ow
refIectlV|$y<Hﬁéﬁ@duééthﬂ912m@67036898 PCT/ US2004/ 033353 -4 el ectrodes

located within thesdefingdegega 3nd Gopnechad to-e OPRAELAY bysehateorthe
el ectrodes perpendlcular to the direction of the SAW propagation and

posi ti oned wigMmfigarasieomnsti &9 cedeer oVithe pHAW ofrasisct r SgequeBet ed
about 5 seven & fhtMgaefi o Rayysl g nvemed epgdbl alr agRNti®fentification

tags, it is important that as much of the energy reflected
10 in response to a transducer generated interrogation pulse
be captured as possible. If an aluminum reflector located
on a substrate is the same size as the transducer and if
that reflector is straight and substantially perpendicular
to the interrogation pulse, a substantial amount of energy
15 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.

20
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.

25
SUMMARY OF THE INVENTION
To address the above-discussed deficiencies of the
prior art, the present 1nvent10n provides for a
unidirectional transducer for a SAW device. In one

30 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



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 10 advantageous in the
case of such SAWdevices as SAW identification tags. For SAWRFID tags, it

i s desirablwotesostisgd with only one set of reflected si ®AMUS2000/8333%di ti on,
the present invention provides for a nore vigorous interrogation pulse
because the energy generated by the 15 transducer that woul d have been

ot herw se discarded is added to the energy of the SAWinterrogation pul se.

I n one enbodi nent the invention provides for the defined area to be a

di stance about equal to twice the Raylei#gh wavel ength at a center frequency
of the SAW plus 20 the_Rayl ei gh wavel ength of a center frequency of the SAW
nul tiplied byelegasdesytoratedevithiyshmdefinednaraerand mesaiestad the
transducer elgaidades gige saparatege b)éléctgbéééﬂéfes W@p@aﬁaen%ﬂﬁa&ﬁe of the

Rayl ei gh wavel'ength™at a center frequency of t n still another

enbodi ment 25l itRetioaRfucdie eFRYt PEER3JRELIN haneé RofiBianed whduttlme-
fourth of the Raylaeligh MRKELENY e HAINH St Rlel Abcatll 2L FOr

manuf acturing convenience it is advantageous to _use alum numfor both the
refl ector andevrneighsdscePt 3@ elReotledals. WavedapOEneAt of t AEBRESNenti on

provi des for ¢ Rt bEdeset ealaveom LAW Lotdlctsf! ectivity. In one of the

enbodi rents of the invention the el ectrodes have a thickness about equal to
one-tenth of the F&@Sei §ReVPF2665L03B89BL FeT/RISPOEH -3 trengdyes®engt h at

a center frequaiicy wdfilt hgomhthhr Pateadadt 23RAYS, eBROdERENIgA LRe bawention
provides for égg;ction on a SAW substrate. Such a device is
10 advantageous in the case of such SAW devices as SAW
identifiéation.tags. For SAW RFID tags, it is desirable to
deal with only one set of reflected signals. In addition,
the present invention provides for a more vigorous
interrogation pulse because the energy generated by the
15 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

20 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. In still another embodiment

25 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

30 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



device to have a piezoelectric substrate such that the nechani cal
reflectivity has an opposite sign as conpared to 5 the electrical part of
the reflectivity of the pair of electrodes and the reflector. Such a,

pi ezoel ectric substrate is 128" LiNb03. In still another enbodi nent the
wi dt h of t WO :2eis®8dseHdes is | ess than one-quarter wavel ®EFUS2004A339%%t 10
still another enbodinent the width of the reflector is between .3

wavel ength and .5 wavel engt h. An advant ageous enbodi nent of the invention
provides for at |least two open circuit reflectors having a width of about
one-fourth wavel ength and separated by a di stance of 15 about one-half

wavel ength. I n anot her enbodi nent of the5-invention the excitation center of

the pair of electrodes, |ocated about seven-eighths of a Rayl eigh

wavel engt h atwaveleogthr hteqaensgnsert hérsavwencym ofie £be| eBRBr, i sAwari ed
by an anount u NLREr G h % e t hs of
a Rayl ei gh wave eng?goa%« Eg‘gédl%%#% g?mgnt% o Hgafbhvgﬁ?lggﬁé%rg%d%@gfo a

plurality of qewice ofo ehaver adepiarodlecihi of suhetpates sughf sthtatat the
di stance equaledifhfi AYTPEEL t!ﬂ@Y@#/er‘f'agé h& % os?t? %r?daé o Eré Mg, PUS

bars in the sane sequence o arity. anot nmbodi e e devi ce
is furtherd comprebectnica piPQFr-"aI iafy Wte eqaﬂf%ﬂ?bm’ltﬁl’éf pé&cttdnes, PBJWI hof each

reflector offefeliQaed dhahancheeqyak1LoLsy NUMbEE, O }qu%aieéti{@m each
ot her such that the reflectors do not overlap the el ect 30 Anot her

useful embodi subAtrgte: e d8¢i deiPedi des for it to be further conprised of

a periodic set of Qefifigd) arLasthdP t&hsSoLithatl Mee thgi REL1 0GEC s8L of the
defined areas are sjituated quasi-periodically with the period equal WO

2005/ 036898 FERUSPHGS ggB3bzes than one-quarter wavelength. 1In yet
10 still another embodiment the width of the reflector is

between .3 wavelength and .5 wavelength.

An advantageous embodiment of the invention provides
for at least two open circuit reflectors having a width of
about one-fourth wavelength and separated by a distance of

15 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

20 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

25 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.

30 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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-6 to the length of the defined area or greater than the Ilength by an

I nt eger nunber of wavel engths, the wavel ength slowy changing (chirped)
along the length of the piezoelectric substrate. The invention as descri bed
herein 5 is usefully enployed as a unidirectional SAWtransducer for |ow

| oss appl i &b 20081636898€t anot her enbodi nent of the inventporupioosesss for a
plurality of defined areas placed in parallel acoustic sub channels,
separated by a wavel ength, perpendicular to 10 the propagation direction of
the wave, and electrically connected in parallel. O course a particularly
useful application of the invention is for use in SAWidentification tags.
Thus, the device described herein is usefully enployed when the 15 defi ned
space is located on a SAWidentification tag. An extrenely useful enbodi nent
of the i nventbomheprlcetigtés oSf)r tmeSAWﬂ:iméctearéat oirs aqxegarsechah the a

pi ezoel ectr| 1E)kitrate WI r um%) ansducer t.ed t_Er‘lm_ereonl g (2) a
refl ector t%tlél F8F 28 EFT e BL | H%V% ?ré% kb%’se ]"{ wzﬁ’eﬁ S Pogat I on
pul se gener asbdwljay d:]}n&ngs-mgt raohtﬂnped) thbongf | eh&or 1angahgedfon thiee

substrate to_substant.iall the ffractlonflel th nterrogatlon
pul se. In onB*® & efé IH’F% AtSct ot?hel IAVEREALE P Q?% %C? HeEFd 0t t he
I nt errogabi omsputes@lla;sempitbgednaana)tttmrdmteqts.ohadashﬂ trandbagearoli el d. O

course, the ?ﬁ‘xlf éna%p ﬂrc”E rBae conprised of a plurality of reflectors
DSt 3

arranged on A stich case, at least one of the plurality of
refl ectors may beYet omamtekcén renilired ireenit fa fol thenridheent ieas rove defs (floe

pl urality 30.0b1eblecyoce hopabed Lode shael ald g HiciiaRgat i on

pul se and strl 't ended
sub channels, separated by a wavelength perpendlcular to

10 the propagation direction of the wave, and electrically
connected in parallel.

Of course a particularly useful application of the
invention is for use in SAW identification tags. Thus, the
device described herein is usefully employed when the

15 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 1located
thereon; and (2) a reflector on the substrate for

20 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

25 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. In such
case, at least one of the plurality of reflectors may be
located in the near field and at least one of the plurality

30 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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for the refl
phase in th

anot her enbodi ment, the reflector is curved to 5 substantially match a
cont our of worwsessssanpl i tude in the

-7 The invention al so provides

ector to be curved to substantially match a contour of constant

e diffraction field of the interrogation pulse. In stil

pulse. In yet still another enbodi nent the reflector is curved to
substantially match both the contour of constant phase and the contour of
constant anplitude in the diffraction field of the 10 interrogation pul se.
A. particularly useful enbodinent provides for the reflector to be
forma substantial curvature shape and substantially match

contour of constant phase or the contour of constant anplitude
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to enconpa
constant amplitude in the diffraction field of the

interrogation pulse. A particularly useful embodiment
provides for the reflector to be segmented to form a
substantial curvature shape and substantially match either
the contour of constant phase or the contour of constant
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 an open circuit metallic strip or a
short circuit. It can also be usefully employed when in the
cage 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



30 | obe and first sidelobes of the interrogation pulse. In an enbodi nent
where the refl ector enconpasses the nmain | obe and first sidel obes of the
interrogation pul se, eight segnents are used for the main | obe and four
segnents are WO 2005/ 036898 PCTI US2004/ 033353 -B used for each of the

si del obes w0 2005036828 of sixteen segnents. A significaRCTASHOHPHEYH of the
i nvention provides for a SAWdevice that has (1) a piezoelectric substrate
with a 5 SAWtransducer |ocated thereon; and (2) a reflector on the
substrate for reflecting a response to an interrogation pulse generated by
the SAWtransducer, where the reflector is arranged on the substrate in a
substantially curvature configuration t8-substantially match the anplitude
and 10 phase of the diffraction field of the interrogation pulse. The

f or egoi ng hasters | feredepref &fr deangideiebagt ifpxr 4egp@aésqﬁ shetepsent

i nvention so ddiaferdtikose skilled in the art may better understand the
detail ed description of  the inventjon that follows. Additional features of

the 15 invention W PRIPEEHeart iepPdidenitn gt Bhe tinttentsion previdas; &% of the

claims of theidvedkhebe ThRSenakKi [1eth iglieddta editirizhaubdr2aBEeqE &h e t hat
they can readily use the djsclosed conception ﬁgg specific enbodi nent as a
basis for 5dé@pgﬁFﬁ&SQPcﬁBd%?ﬁ?ﬂﬁio??@ﬁe v RRr'el PoredaPrFPRGOBUERD0 t he

same pur posess st eprRsentef Tt inPna teapenski ldedani AntBeraghat sbwul d

al so realize that such eguival ent constructjons do _not depart _fromthe
spirit and s eoﬁenFﬁég?ﬂv}éﬁtt?rtﬁ'n.s% %?f%%SWFU‘S%OE?@%%@W -9

BRI EF DESCRI Fld Q¥-rdngEdEcBRANENSSbstrate in a substantially curvature
configuration to substantially match the amplitude and

10 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 detailed description of

the invention that follows. Additional features of the

15 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

20 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.



For a nore conpl ete understandi ng of the present invention, reference is
now made to the followng 5 descriptions taken in conjunction with the
acconpanying drawings, in which: FIGURE 1 illustrates a unidirectional
transducer device constructed in accordance with the present invention; 10
FI GURE 2 i Waimns/edsgss a vari ant of a unidirectional traR€HUSP4/EBI3t r uct ed

I n accordance with the present invention utilizing nore than one pair of

el ectrodes; FIGURE 3 illustrates the adjustnent of the transduction and
reflectivity of a SAWdevice by utilizing 15 a plurality of pairs of
transducer electrodes and reflectors; FIGURE 4 illustrates a basic

uni directional SAW transducer construct®2d in accordance with the present
invention utilizing periodically distributed SPUDT cells of 20 the type
illustrated in FI GURE 1; BRIEPRPESCRIRTEQN QR STHE PRAWINGS®r utilizing at

| east one unidirectional transducer constructed in accordance wth the
present invention; FIGURE 6 illustrates parallel-connected SAW 25
transducers gener Epng smofrgc ecemmiebei c undesstandangonebn th&cmf!entchannel

FIGURE 7 (1] Usiieatesna SRUELagnubi | 121 nacat ket e wlbdirseidenyd |

transducer constructed in accordance with the present |nvent|on
SA-8F i || Ust dmserdpriongt dakgay el oFQRs tﬂmtlmpwnthdéﬂmdam@ea@ﬁm

i nterrogati O’Zir%w S| gﬁoel ectric substrate at vari ous di stances from
a transducer: w580 ?%3%}3398 PCT/ 1352004/ 033353
FIGURE 1 illustrates a unidirectional transducer

device constructed in accordance with the present
invention;

10 FIGURE 2 illustrates a variant of a unidirectional
transducer constructed in accordance with the present
invention utilizing more than one pair of electrodes;

FIGURE 3 illustrates the adjustment of the
transduction and reflectivity of a SAW device by utilizing

15 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

20 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

25 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;

30 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;



i e S Y SN s M3 ks O O e ARG -

-10 FIGURE 9 illustrates a reflector on a piezoelectric constructed in
accordance with the present invention that is arranged to substantially
match the diffraction field of the interrogation pulse; 5 FIGURE 10 is a
representative SAWtag using reflectors of the type illustrated in detail
in Fl GURE 9woanab/Bés@RE 11 il |l ustrates a represent ati ve RETAIH004/083358
segnented netallic open-circuit reflector constructed in accordance with
the present invention that substantially 10 matches both the anplitude and a
contour of constant phase of the diffraction field of an interrogation

pul se. WO 2005/ 036898 PCT/ US2004/ 033353 DETAI LED DESCRI PTI ON Referring
initially to FIGURE 1, illustrated is al@mnidirectional transducer device
100 constructed in 5 accordance with the present invention. Shown is a top
view of a pi ezoel IGURE subktkugteatse Eharehbecker|onie pdespedecbrict s
surface 155. Iheschlde ddQDascarhangh iz ehealollertWiicGeheoSANRRY! €i gh
wavel ength (determned at the center frequency of the SAWthat is generated
on the pi ezoel2@ryangeg sgpbsihahantizd)ly spéeh Fhetdbf Eeagtior fiield efrongly
reflecting ongndalfrdvenelfighhouide; floating or open circuit reflector 130
and a weakly reflecting pair OF one- quarter wavel ength w de el ectrodes 140
used to ex€ite SAV%IGLB% 1Relpi 2 XEOTEEERAtdBs BAUt BRT BN D refR8CEPESL r 0des

15 140 is conpectied typed ithf%sleeatééoiﬁuaetabﬁtiﬁhﬁx@dy@ﬁtépdﬁfd 140 are

connected to bus bars 160 of opposite polarity. The illustrated device 100

with a pair of el &t§BHeslhsbllustimiddered t EERIRSPREFIL 1D SFaBphRdsPf e

polarity wher g8yméieed | RECATRc r&pdeClizbuid +EL1ELOSE BOnkeLLheEEQT 1430 IS

used 20 to cause the electrodes 140 to be a unidirecti onal SAW
accordance with the present invention that substantially

10 matches both the amplitude and a contour of constant phase

of the diffraction field of an interrogation pulse.



transducer.
construct ed

This invention provides for a unidirectional SAW transducer

on a piezoelectric substrate 150 in a space that has a

ength

120 of about twi ce the Rayleigh 25 wavel ength at the center frequency of the

SAW pl us the

Rayl ei gh wavel ength nmultiplied by a positive integer m

one. W hi wd fves/esetyadi ment illustrated in FI GURE 1, thePCPUSA004/038358 nt

assuned to b

right. The
per pendi cul a

nus
eger is

e one, thus the length 120 1is equal to tw ce the Rayl eigh
wavel engt h. The direction of 30 propagation 170 of the SAWis fromleft to

el ectrodes 140 , which can be alum num are |ocated about
r to the direction of propagation 170 and are separated

by a

di stance of about one-half a Rayl ei gh VW12005/ 036898 PCT/ US2004/ 033353 -12
Each of the el ectrodes 140 is about one-fourth a Rayleigh
wavel ength wi de and each is, rDEPATLEN cDRESCRIPTIONted to a bus bar 160 of
arity. Located within the cell 110, is the open circuited 5

wavel engt h.

opposi te pol
reflector 13

0 (which can be alum nun) oriented parallel to the pair

of

el ectrodes 140. TRefeeftimgt dnidB88l1y tposFIGUREd1s0o ilatstrturetenier aof

reflection i
fromthe ex

BPEETF Rt titer FHIETE « Foirect 2GR

S Lécated at_- a dlsta ce of bout seigge %pths OESa Pg%ggePgLQn

to be the Sceateordintaevigdp thet peesenthd retact ¥ades Shoddh. idhe tpopeddawnant

directi on of
el ectrodes 1

6. % RSkl s Bk Prat€ a6, hat et YRL Bl ARl

R LOf

part of

refIectivityOhastansuminmﬁth§55|gheCOﬁbhréaothashatleﬂgthﬁlzqupﬁﬂabdutlcaI
eRLLY! {Ne SRR{%RH%G%@?@ 1@WI | @tk 5:&.1?1%933% rrfé ki egehi eves

part of refl
| ow | osses f
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15

20

25

30

or “one-" quart er-wav f1oatin
frequency of the SAW that is generated on the piezoelectric

substrate 150). Shown in the cell 110 is a strongly
reflecting one-half wavelength wide floating or open
circuit reflector 130 and a weakly reflecting pair of one-
quarter wavelength wide electrodes 140 used 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

circuited



i
reflectors 130 and el ectrodes 140 because of the substantial cancellation
of the electrodes 140 total 20 reflectivity. An exanple of such a substrate
material is 128 Li NbG3 where one-quarter wavel ength w de el ectrodes 140
are weakly reflecting for alum num el ectrode 140 thicknesses that equal
about .19 two0@¥0mBI%a wavel ength. Al um num based al | oy®CTRS2004/683353] Cu wi t h
a | ow percentage 25 of Cu, and others can also be used as the material for
the reflectors and el ectrodes. To achieve nmaxi mumreflectivity, the width
of the open-circuited reflector 130 is between wthin 0.3 of a wavel ength
and 0.5 of a wavelength. The center of reflection is at the approxi mate
center of the 30 wide short circuit or-i2eating reflector 130 and the center
of excitation is at the center of the gap between the one- quarter

wavel engt h wiwdaedesgthod@Bachiof The elesitmatesdiléOanecalhowinariee- fraafdtéct i on

center to theg exgl Be]g| 3 PCTH U 4/ 0333 - ; r can be
variod withif 1 %%@%*ﬁ%ﬁ%ﬁﬁ?ﬁﬁbs’%gdjaﬁ i %‘%eggbs%?ﬁ%lﬁf

refl ector 13@omnentadtbhe ackwd bapo LY afcoppespbadpagashiyt to find optimal
uni directional i tyrob ElCiREnin the S8YMI 187 edom ARt ek RIGRAgALAT Lo the
right. A conparison of the generated an reflecte orward propagati ng
waves (i grior meglensorr &30 etwhigh wasf be hal whiciumbr oeienkad ranplied d@ fi ngers
n the el eclupiosald0) o (b diiineeel 14310 Shens thahdbeor Phasg dif fer ence
equal s 4n, nélph_s the propagated waves 10 interfere constructively. The
phase of theRogfitdenpénsocbadtiehementert9f2 refierticreriechdoqgatiast adt the

center of anp @RERahel! S£1 Mo KRNl ENGBNs ROE EhﬁaGQPQ%éEﬁ £4b &Gfd On, the
phase difference between the generated and the reflected signals is 5n, and
they tend toS¢&dEatiencrenter of the pair of electrodes 140, which is

10 taken to be the center of the gap between the electrodes

140. The predominant direction of the SAW being from the
reflector 130 towards the pair of electrodes 140.

In some piezoelectric substrates 150 the mechanical

part of reflectivity has an opposite sign compared to that

15 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 because of the

substantial cancellation of the electrodes 140 total

20 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

25 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

30 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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15 other. Al critical dinmensions in this structure, including gaps, are on
the order of one-quarter of a wavelength. Were 128 LiNoO3 is used with
one-quarter wavel ength wi de el ectrodes 140, the el ectrodes 140 are weakly
reflecting for netal thicknesses 0.1 to 10% of a 20 wavelength. In
practice, fwo 20881680031 al unm num t hi cknesses rangi ng f PEEUSN4/0338B ar e nost
suitable for the purposes of this invention. The thickness range is
limted. by increased resistivity for |Iow thicknesses and by difficulties
i n produci ng hi gh-aspect-ratio alumnum 25 profiles for high thicknesses.
Moreover, for each particular thickness, a netallization ratio (a/p)
corresponding to vanishing reflectivityldf the el ectrodes 140 can be found
or determ ned. For exanple, in a short-circuited long grating, the 30
reflection cowEmibey eaanf dre avpried, ithig| osk0%0 ofer @ f wavelergtle| Y ve

al umi num thi ckpess 19h 2mR%pdaatiBhIRE tHehid@Rssesy 186 MhiahlinZatdon ratio
has to be decréased to attain lowreflectivity. For a single one-half

wavel engt h Wo€d05/10968%8 PET/ Copueap@sbissy shifft deo f | HEd nPRFimsden

circuit refl qalifi fk3RichReifel | €6t FRBURE OLf f ibleeaW Sid OYRELd i Pehtly
significantly higher than that for short circuited one-quarter wave] ength
wi de el ect? odeeopapated: ke Bagifafhtoc ducPmRgrispPnnefathezaenereted iand a/p of

5 between 0. 3aMtled |folwaryi dpbphdatisd M Imaervégoprqagh@ﬁﬁgn henappl i ed
to other substrates and materials for el ectrodes and reflectors exhibiting
properties off¥pFsiivdtyi gh the@naniartsrdvaredenrsehl wide| ELR9STY yAD Anot her

exampl e 10 t hale saléstidfed Mo )CriviEii®nthe ¥&ihi NoIB. shofkIHalCaite
feature of the invention is the use of the_ above-descri bed

phase difference equals 4n, and thus the propagated waves
10 interfere constructively. The phase of the reflection
coefficient is +n/2, with reference point at the center of
‘an open reflector on 128° LiNbO3. For the opposite
direction, the phase difference between the generated and
the reflected signals is 5m, and they tend to cancel each
15 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
20 wavelength. In practice, for 128°LiNb0O3; 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 1low thicknesses and by
difficulties in producing high-aspect-ratio aluminum
25 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
30 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



structures as weakly reflecting el ectrodes 140 and strong reflectors 130.
Turning now to FIGJRE 2, illustrated is an enbodinent 15 of a

uni directional transducer device 200 utilizing a transduce with a pair of
reflectors 230. In this enbodinent, the cell 210 has a pair of floating or
open circuwWO 200506888 ors 230 with each reflector 230 i nPCRAISpM#M3I3FBavi ng a
wi dt h approxi mati ng one-quarter wavel ength. There 20 is a separation between
each of the reflectors 230 in the pair of about one-half wavel ength. The
center of reflection is taken to be in the mddle of the separation
between the two reflectors 230. The nom nal distance from the reflection
center to the excitation center of the-2%-el ectrodes 240 is seven-ei ght hs of
a wavel ength and can be varied within t10%of a period of the transducer

el ectrodes 2#@len¥laal iRy % PR posFittorredfliecher rkBPectbesreBraiidi n  the

unit cell 210.Juk8c3@HECSRORILAG 851 bé éfgﬁji.ﬂd:_ahhgar QPidH@ than that

unidirectionality. The pair of reflectors 230 is gl aced between two pairs
of transducerfQl SHEEEJELTOUDESHiME - WeEteEqgrRRINT Y cHidectkrriPdsso bus

bars 260. Theawcr ithieCahx thiR NSt Qlrraing Bbs abEATliMLr i Sn0Rat 6s ' Driess of
one-ei ghth_of a wavel ength, which renders this structure WO 2005/036898
PCTI US20047 02edsrgen. 9531884 Qt¥ractive for hi gh-frequency applications than

the structure degeriike@vabere vhib sosRGt dpprobCGEEs lean The NMpEL vy t o
FIGURE 3, illustrated is an enbodi magt wher e L-LheefSAWdew ce 3Q0 i ncludes at
| east one nore® pRERels SUWPRTALSSdBRI3MRYSTIA S, R seRLPSFFHIR Ui ent to

the first pardfidfcterect r@desibhgm tfir@@éﬂtﬁsthﬁfadd'beQBQEe el exdd ode 345
pai rs of fset n?t a di stance of a r%ling?\[r r%fl V\/@}/%tengt hs fr mx'g hexgnilrst pair
of el ect r odeS"SMPEGAte electric flec Y Another example
10 that satisfies this criterion is YZ-LiNbO3. A significant
feature of the invention is the use of the above-described
structures as weakly reflecting electrodes 140 and strong
reflectors 130.
Turning now to FIGURE 2, jllustrated is an embodiment
15 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
20 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
25 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
30 placed between two pairs of transducer el ectrodes 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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to the sane bus bars 360 in the sane sequence of polarity 10 as the first
pair of electrodes 340. In another enbodi nent, the SAWdevi ce includes at

| east one nore reflector 345 essentially equivalent to the first reflector
340, each of the additional reflectors 335 offset at a distance of a nunber
of wavel end¥m2005/p3898t he 15 first reflector 330, and, ifPERESHEHIPBIBnal pairs
of electrodes 345 are present, the nunber of wavelengths (m wll be nmfn+l
to avoid overlapping the reflectors 330, 335 wth the transducer el ectrodes
340, 345. Here, positive n, mcorrespond to a shift towards the right. This
procedure 20 allows one to vary the nunber of transducer pairs of

el ectrodes 340, 345 and reflectors 33071835 along the structure, thus
creating weighted unidirectional structures wth inproved perfornmances.

Tur ni ng now tlesE airEastivel forr drish-fyequengy deppdd capdong thisat tihecl udes a
periodic set Qi ideRki 8akcsEbid MSovedSaehi PeEpL A FL GUREGEREWMIET €1 N
transducer electrodes 440 are connected periodically to bus bars 460 of
opposite pol arit Furfing acWer FEBEREB / t bl U vt ehgt 3 . epadimgny  each

section, onlyne PaE'sAl KB 8d8SiAdides la%eﬂeaa@ éﬁet%réeséﬁpfc&r 430
only conprises one one-half w de wavelength and is floating

open-ci rcu t &}ecFﬁpéeSe%%di}f%nlar@o??%%‘Bﬁﬁ&éYt Bq‘dﬁvéﬁ\%@ltgHPe‘élh%rﬁJ(ﬁsrtect i onal

SAW transdugfiir | bfi Set¥teebded halso Nwdthi NEA@r ensled M 20094 03¢
PCTI US2004/ 033353 -.16 CIFCUItEy t he signal is connected to one of the bus
N

bars 460 an®¥arEredRer BuRFdr s isetyrdufdsistanee ohi @ meebegnat

transducer camveaengels! Drodadiey &tlh:sa Pir SAVEl¥EtRoleY LRAESESnstL RS

NUMer ous appllcaﬂlons as suc% g., for SAWsensors, actuators, et
cet era. to the same bus bars 360 in’'the same sequence of polarity

10 as the first pair of electrodes 340.

In another embodiment, the SAW device includes at
least one more reflector 345 essentially equivalent to the
first reflector 340, each of the additional reflectors 335
offset at a distance of a number of wavelengths from the

15 first reflector 330, and, if the additional pairs of
electrodes 345 are present, the numbexr 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

20 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

25 400 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

30 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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Turning nowto FIGURE 5, illustrated is an enbodi ment of the invention for
filter applications, wherein at |east one unidirectional SAWtransducer 500
is connected to input bus bars 560, operating as an input transducer and 10
generating SAW in some acoustical channel 570, and a receiving transducer
590, illustwaners/ossspeenati cally, connected to the out puPCHAS2094/0333865 pl aced
In the sane acoustic channel 570. It should be noted that the receiving
transducer 590 has nore than two el ectrodes 545. It should 15 al so be noted
that a transducer may have any nunber of electrodes in any of the

enbodi mrents of the present invention and still be within the intended scope
of the invention. Turning now to FIGJRE66, illustrated is an enbodi ment 20
of the invention where at |east two unidirectional SAW transducers 600 are
pl aced i n pardiucaitazyoushecsighrhaimhctannegtedotogpire wfe tiye Supsakaned by a
di stance compgabl g,do thde wauelengiBpLh thodlQﬁgtlggogﬁaggnm<aﬂfg to the

propagation direction of the wave, and el ectricall connected I n
paral | el . Ir1%4%§%§§ﬂ$#@9ﬁhrt€a§éd§ﬁﬁﬁncaﬁob? U@ﬁﬂdlf@ttBéﬁératﬁaﬁsédbers are

connected in gajakkieh. 1dhe oddedNadd R rﬁh%réﬁ@aéﬁfﬁﬁcgi{l@ﬁé rQWv i, bar s
682, 683, having widths on the order of one wavel ength. The SAWS dener at ed

by al | trahsdcers COWaFNY PERSILI MAHIALPEE: i Bk getera-the right) create a
singl e acoustic beg@mhbhnbierd GiMursABET {1 §s C1ASEG! P 4 SRS IRiIne

connection of said transducers decreasés the resistive and dlffractlonal
| osses. WD 20%/%%898@@#%%@@3@35@91&%1;:mﬂa@t ruherein # AgABL7 is a

SAW devi ce ussh 1o aPA¥:L i S8 PRIW €abhaduddiesRioniaNecHALEEEQCES Qﬁﬂ:!ut
transducer 700

bus bars 560, operating as an input transducer and

10 generating SAWs in some acoustical channel 570, and a

receiving transducer 590, illustrated schematically,

connected to the output bus bars 565 placed in the same

acoustic channel 570. It should be noted that the receiving

transducer 590 has more than two electrodes 545. It should

15 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

20 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

25 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

30 (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.



and SAWidentification tags 720 are applied in the acoustic channel 710 to
create response signals corresponding to the 5 identification code of the
devi ce bearing such saw identification tags 720. It is evident that several
known sol utions used in SAW devices can be applied to the gresent

i nventi on. W@p005/636818pl e, sai d unidirectional transducer PEENSH&/ERI¥ped, 10
I.e., it includes a nunber of said sect ions, situated quasi-periodically
with the period equal to the length of the section or greater than the

| ength of the section by an integer nunber of wavel engths, the wavel ength
slowy changing along the | ength of the structure. 15 Another possibility
is the use of a fan-shaped structure. -R¥-is clear for a person skilled in

the art that such _standard variants are included in the scope of this
i nvention. The usé&lépsbrateduir FHERE ehdish aafdWwdgeice é@eﬁgcﬁ@g SP¥ in the

present i nverttaigo'&p@lﬂl%%lbﬂewﬁgf‘é':f.ﬁ%ﬁ@ Imﬂré&@onaﬁwt%%éwé&ﬂ h®ost andard
l'i t hographic techniques up to the freqzency range of 2-3 . The use of

wi de and f|oétriqn§AWe+<é%I@%%Pe%atat§nr Epgeci?t fx6r aﬁah%cany %%J@st%e

resistive | 0iRSNe?SNES| 8 |t at c2PREpSradd %ﬂ%n‘é@@ré‘o:?ré’%géndg ey e is
I mportant, such as _SAWt ags. Turna%g now t o, FI GUREs 8A- ustrated are
di ffract e \Nd\ﬁ@nﬁ:&lfﬁfx?af:éiananﬁ?‘ii? u 81@“—%ndiem9r§§e Begrémaan sqcﬁ’t erf®¥bat i on

pul se on a pigREeRligsthtsonUbsss aip at various distances froma transducer.
Dealing with the two,30 extrenes, illustrated in FIGQURE 8A is_a near field
waveform and in EFGURESBHISRE fhek seyeral RewnoPal ukorgnuped siePAN n

FI GURE 8F, asidvieelsnt 84 0QR! | 8fpPikde tget shd UbrBsent r ofhveAeibhiansdicer, it
spreads and qlIlH3eS i@ Pl S0 ont? oeanoss® dan’ Btk a3

10 i.e., it includes a number of said sections, situated
quasi-periodically with the period equal to the length of
the section or greater than the length of the section by an
integer number of wavelengths, the wavelength slowly
changing along the length of the structure.

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

The use of one-fourth wavelength and wider electrodes

20 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

25 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 substxrate at various
distances from a transducer. Dealing with the two

30 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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-18 that both the anplitude 810 and phase 820 of the pul se have a nmain |obe
830 and si del obes 835, which appear as shoulders to the main | obe 830.
These | obes 830, 835 constitute the majority of the energy that will be 5
reflected. It is beneficial to try to capture as nuch as this reflected
energy as puwe200803s898Tur ni ng now to FI GURE 9, il l ustrat e@CTASYHBIPBct or on

a piezoelectric constructed in accordance with the present invention that
is arranged to substantially match the 10 diffraction field of the

interrogation pulse. Illustrated in FIGJURE 10, is a representative SAWtag
1000 using reflectors 1010 of the type illustrated in detail in FIGURE 9.
As illustrated, a reflector 1010 constr#8ted in accordance with the present

i nvention can be used in either 15 the near field 1020 of the interrogation

pul se to captttar bosd thergyphidpide 840; andirbame 8A0 of thetpielgerhavee| d 1030

to capture the gRgHIY1d801 Cdffl IandF! S48 Hes OB3BOUNGRI cR %%Fggl tag of such
reflectors 1010 wll be generally used in the case of a SA I D tag 1000,

whi ch neans tghaulger® rte? | EBeomainidobsr §3F4 ecThege1d1ePedf 88Re t8A%

described hes&idt iR De thsedmhiorg, near thel dedd2f, onRasUBF{IAL §e and
others in the far field 1030 on the sane substrate, all of which is within
t he i nt ended %RGHetSd t hd tpiés bfreligi@htio i rn$oaSapt My 3t St9h 9 GURE 9,

the refl ectorepnd Iretfqe&gapggeg?yc&g ykdigisubstantial ly match the contour
of constant phase or contour of_ constant anplitude, or both in the

diffraction fiel d BWETHRG PAVEF? FFSUREN? pUilseistaptedoif sa, Tefleackemam | i ¢
reflectors arg gisebellecdthitheodft FeddeRrLtiar scabedate eEEh rtigal pyedet at ed,

'n the case of et EnteT S U Sindda ' 80O Mabet2s R I8 Y, t QalBEC A e

10 diffraction field of the interrogation pulse. Illustrated
in FIGURE 10, is a representative SAW tag 1000 wusing
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 used in either

15 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

20 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.

25 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

30 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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contour of constant phase of the interrogation pulse. WO 2005/ 036898
PCT/ US2004/ 033353 -19 There can be a substantial advantage to segnented the
reflector to formthe fundanental ly curvature shape that matches the

contour of constant phase or the contour of

constant anplitude in the

di ffracti onwDi2et5@3e8t he 5 i nterrogation pulse. It is adCdAiSaYaH335¥ rom a

manuf acturing viewpoint since it

is nmore difficult to form curves that

mat ch the signal contours than using small straight |lines to approximte
it. Another advantage of segnmentation, in the case of netallic reflectors,

Is that 10 the voltage in the reflector can be nore easily controll ed.
one enbodi ment of the invention it has H3®€n found to be
segment the reflector into segnents separated by spaces approximating

one- quar  er Of theTh@@“qa@‘ ber aqidvRSATH alh adwavE 886 P (regnesiedl e t he
aﬁ ¥ he U dhdrta1h |¢%%Eu5:é gﬂg%el tehaermts
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t he reflected S|gn
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advant ageous to
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pul se to havemﬁlﬁ@%%m‘éh%tpwwlimt@f sorgpianis phase r@’értb@a@@%ﬁ@lﬂ «f when it

|s detected by the,20 tdaisduaer. 1hrhUEhéhedI§§Ml§f‘orPU|ﬂ%l\H' | bﬁ:avtfhe
substantial ly the same phase and anplitude as the portion of t

i nt er r ogat PonipEeBEOIHHOY epe®e + he r &fl ecitor . advRNERIGYP deBEPMbed her ei n

can be used fgsnbesdt ops

It can al so
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netal |ic and SWeYeS cthabi Makehaltiiec iemadct @pntqury sthap yusirgeseald t o
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i s advant ageous f ) .
segmentatlon, in the case of metalllc reflectors, is that

the voltage in the reflector can be more easily controlled.
In one embodiment of the invention it has been found to be
advantageous to segment the reflector into segments
separated by spaces approximating 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 lolbe 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



30 the reflector to enconpass enconpasses the nmain | obe 830 and first

si del obes 835 of the interrogation pulse . O course in the case of a near
field reflector, as can be seen fromFIGURE 8A, it is only necessary for
the reflector WO 2005/ 036898 PCT/ US2004/ 033353 -20 to enconpass the main
| obe 830, WOV del obes 835 are virtually undi st PREYSZNEBE3 |t has
been found to be advantageous, in the case of the far field when a
segnented reflector is used, to use four segnents for each of the 5

si del obes 835 and ei ght segnents for the main | obe 830, for a total of

si xteen segnents in the reflector. Turning to FIGURE 11, illustrated is a
representative exanple of a segmented-#fftallic open-circuit reflector
constructed in accordance with the Eresent invention that 10 substantially

mat ches bot h EhEPERPPREBJTRIR ¢B8RERRO ningsnthamidmiahesi8iare

diffraction fyiglchadfi yarudditetrirR@abhablepul ser Aakhasdh t hgupgesest venvent i on
has been described in detail, those skilled in_the_art shoul d understand

that 15 t hePERRtAGREUFar 1RDULC FE55eSL b fart B e UR BB 2a98eMertess herein
wi t hout deparddm@ctbemitshaissd, ito ak SaPesafndrte ifBeddORn bf ithe

broadest form, 6 -21- What _is ¢clainged is: 1. surface acqustic wave (SAW

devi ce, conpriideigbes ﬁé?i?ﬂéﬁ 8RIREHF LG EEFr‘f‘%l%&t?;? &3 mitOFi n whi ch
is |ocated am ajalCofcelikteeh! sedmentpampendi egfbéct®rf he SAW direction of
propagation; and a pai,r of low reflecti,vity transducer el ectrodes .l ocated

Wi thin said defindd¥Riag BAC KoM chud L IBEERREST if FugSBERSeTEAt ve

el ectrodes pesfaipdiecubBr at Osédifertigde Cheébal Dic Sapén SAVY @ipagaifilettoand
positioned with the %égjtation cgnter of pai r _of el ectrades Io%gted

i.d
Bbout seven. GTHIEREESE APRESLOFIANGRYEHENTIF RS20k ooy SREdG Rt ot sai d

SAW from s@i ceulafaettiallly matches both the amplitude and a contour of
constant phase of the diffraction field of an interrogation
pulse.

Although the present invention has been described in

detail, those skilled in the art should understand that

15 they can make various changes, gubstitutions and
alterations herein without departing from the spirit and

scope of the invention in its broadest form.



2. The device as recited in claim1 wherein said defined area is a distance
about equal to tw ce said Rayleigh wavel ength at a center frequency of said
SAW plus said Rayl eigh wavel ength of a center frequency of said SAW

mul tiplied by a positive integer m nuspjone. 3. The device as recited in
claim1 wherein said el ectrodes are separated by a di stance of about

one- hal f ofyhstd Ghilfaykel gh wavel ength at a center frequency of said SAW 4.
The device as recited in claim1l wherein said el ectrodes each have a width
of about one- fourth of said Rayl ei gh wavel ength at a center frequency of
sai d SAW 5. Aslréacd evaustic waver(8AWV) dabicecomipasimg: 1 wherei n said open circuit
reflector Jjgs. ] . - Lce. It i i . in said

el ect rodesé iﬁfu@é%ﬁ%Hn\e?u.;!el@ﬁg&%}e’réﬁe\ggﬁiggv E?@éiItfcgtfdgﬂ%kgﬂa#p&&é%v\%éoﬁei n said

el ect r odesPefrepdicigarteiheSHVhdirectian of ropggation; asd  The device as recited in claim

g \M|1e_r eihn §§eiirldaf @mﬁﬁercftmge&am%t@ereufe&tmdema@ai@d \fﬁmga(ijﬁgiﬁéd dréa arﬁl%gﬁe@ﬁﬁh of said
ayl ei g vel en at a center. frequency of said. . e devj ce as
recited i n°8P%ﬂng§3u? ?ﬁ’f'ﬁ@'ﬁ eﬂeBWiﬂEF g?ﬁﬁf‘dﬂ%iéf§°£'i’en‘8'e8t'°ﬁi°z\/§%€§@ tA9PR9¥9Bst r at e
such t hat dndeositmkdiwitic the exatblianaciehter ¢fysail psir efreleafqesildcated iabout asveconpared to

the el ect réi%s o?ﬁrgraggish wg\réq’enrgﬁut g%@é/r:ﬂ%)fuﬁﬁg\/ ﬁrfs%ﬂ \a%\w frorﬂfsaig l‘e?gét&p des and said

refl ector. evice as recite C erel n sal plrezoelectric
substrate is 128 LiNbG3. 11. The device as recited in claim1l wherein the

w dt h of saidTieloité aslRsitddsn tLIEMS! WHERdIn SHiPdefifetPdrb£is aice BBduequbo The
devi ce as recit i

ed in claiml wherein.the wdth Qf.sajd retlector is between
03 el RS enE BatPaf uB\Roanan g pireet isgfertlH BB AE Bl SRR o™i n-cl i m
1 further wavaiengts piayceater frequencytoieaid BAW railtintied by a pdsitive intagsr thiavs org. a wi dt h of
about one-fourth wavel ength and separated by a di stance of about one-half
wavel ength. 14. The device as recited in claim1 wherein said excitation
center of sai gfevice 83 regiteddn flaipne'swhereie saideleciioden are eqparaied by ¢iganse oh Rayl ei gh
wavel engt hatdut chedambissaidRa9@ige nayelegttaiadeéMeqliérepossidisawf | ector is varied
by an anount equal to plus or mnus ten percent of said seven- eighths of a
Rayl ei gh wavel ength. 15. The device as recited in claim1 further conprising
at plural ity Dfedssice 8s efited|imelaimoliherein saideleciodessdagh paveraswidth obalwgt enecde of f set

at a di st oG A9hiaRajIBigRwAEENGHh 05 coFeQREENS saiiGavgonnected to the sane
bus bars in the sane sequence of polarity. 16. The device as recited in

claim1 further conprising a plurality of equivalent reflectors,
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.
7. The device as recited in claim 6 wherein said electrodes have a low total reflectivity.

8. The device as recited in claim 6 wherein said electrodes have a thickness about equal to
one-tenth of said Rayleigh wavelength at a center frequency of said SAW.

9. The device as recited in claim 1 further comprising utilizing a piezoelectric substrate
such that the mechanical reflectivity has an opposite sign as compared to the electrical part of
the reflectivity of said pair of electrodes and said reflector.

10. The device as recited in claim 1 wherein said piezoelectric substrate is 128° LiNbO3.

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

12. The device as recited in claim 1 wherein the width of said reflector is between 0.3

wavelength and 0.5 wavelength.
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with each reflector offset at a distance equal to a nunmber of wavel engt hs
fromeach other such that said reflectors do not overlap said el ectrodes.
17. The device as recited in claim1 further conprising a periodic set of
said defined areas. 18. The device as)yyecited in claim1l7 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

| engt h by an integer nunber of wavel engths, said wavel ength sl owy changi ng
(chirped) along the length of said piezoelectric substrate. 19. The device
as recited i1 Thedevieelaswheteeintiagmildurtherconprisisg atdexdt tad operuciicdit reéedtoronal SAW

t ransducer bﬁ%am &)f(\a‘%ut%ﬂe Yquhpwg%nlgglisagd a%%ratec{}ﬁ/ adcﬁgltérpc% oﬁ&ouf&"e h%ﬁ inclaim

1 further risin pluralit I ned "areas are

paral | el a¥ayelepgte sub channels separated by a distance conparable to the
mavelength in the direction perpendicular to the propagation di rection of

t he wave, electrlcall¥fc nnzcted parglf e device as recited

inclaim 1 SNEidRVIEFJ e gqeEn s?'dleé“é' '%’Hce(?ﬁ'r af %ﬂ\ﬁa'm grttofecat i on

t ag. located about seven-eighths of a Rayleigh wavelength at a center frequency of said SAW
from said reflector is varied by an amount equal to plus or minus ten percent of said seven-
eighths of a Rayleigh wavelength.

15. The device as recited in claim 1 further comprising at plurality of pairs of electrodes,
each of said pairs of electrode offset at a distance equal to a number of wavelengths and
connected to the same bus bars in the same sequence of polarity.

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 said electrodes.

17. The device as recited in claim 1 further 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.

19. The device as recited in claim 1 wherein said device is used as a unidirectional SAW
transducer for application with low loss.

20. The device as recited in claim 1 further comprising a plurality of said defined areas are
placed in parallel acoustic sub channels, separated by a distance comparable to the
wavelength in the direction perpendicular to the propagation direction of the wave, and
electrically connected in parallel.

21. The device as recited in claim 1 wherein said defined space is located on a SAW
identification tag.



