WD 01/93421 1 SURFACE ACOUSTI C WAVE DEVI CE PCT/ SG01/ 00086 This invention
relates to surface acoustic wave (SAW devices, and nore particularly to
t he el ectwods9zmbr uct ure desi gn of a two-di mensi onal SAW deei/seotxassd on

pi ezoel ectric thin filnms. SAWdevices and rel ated subject matter are
described in the follow ng publications: Patent US 3 955 160; Patent US 4
437 031; Patent US 4 456847; Patent US 4 491811; Patent US 4 507581; Patent
US 4 531107; Dransfield et al., "Excitafion, Detection and Attenuati on of
H gh- Frequency El astic Surface Waves", Physical Acoustics, Principles and

Methods, W P. Mason and fRpPaCETREXSUOTIECHAVEDEVIRE, pp. 219-272,
Acadeni c Press, 1970; Day et al., “Annular Pi ézoelectric Surface V\aves

| EEE Transactions on Sonics and U trasonics, Vol. SU 19 No 4, pp

461- 466, t 1972; and Shih et al "The nvest i |on SAW
properti ed BFiNFERtogdE ‘?SrﬁoéuﬁtaF?rﬁC%Hﬁd’%zivee(tséﬁ?té?vd?eés an %&%Hg%@t i ons
on U trasiwg elg&fcfd‘éeht?@cttﬁx‘ecaemaﬁ‘dof B @RURRGYSToR F AW V&vae“basé@ .on2, pp.
305-316, March 1998. A SAWdevic8 is constructed so that electrical signals

are transperoddctiintlinddogsti c surface waves by a transducer forned on a
pi ezoel ectric substrate, and the acoustic surface waves propagate on the
surface of the substrate. The device is fabricated using

SAW devices and related subject matter are described in the following publications:
Patent US 3 955 160;
Patent US 4 437 031;
Patent US 4 456 847;
Patent US 4 491 811;
Patent US 4 507 581,

Patent US 4 531 107;
Dransfield et al., “Excitation, Detection and Attenuation of High-Frequency Elastic

Surface Waves”, Physical Acoustics, Principles and Methods, W. P. Mason and R. N.
Thurston ed., Vol. VII, pp. 219-272, Academic Press, 1970;
Day et al., “Annular Piezoelectric Surféce Waves”, IEEE Transactions on Sonics and
Ultrasonics, Vol. SU-19, No. 4, pp. 461-466, Oct 1972; and
Shih et al., “Theoretical Investigation of the SAW properties of Ferroelectric Film
Composite Structures”, IEEE Transactions on Ulirasonics, Ferroelectrics, and

Frequency Control, Vol. 45, No. 2, pp. 305-316, March 1998.

A SAW device is constructed so that electrical signals are transformed into acoustic
surface waves by a transducer formed on a piezoeleqtric substrate, and the acoustic
surface waves propagate on the surface of the substrate. The device is fabricated using
piezoelectric materials, such as a piezoelectric crystal, LiNbOs3, Quartz, etc,
piezoelectric ceramic material, Pb(ZrTi)Os; (PZT), ZnO, etc., or 2 piezoelectric thin
film deposited on a non-piezoelectric substrate, such as ZnO on silicon. The SAW
device comprises a pair of electro-SAW transducers and a SAW propagation path
established therebetween. Usually, the SAW propagation path is constituted by a part

of the polished piezoelectric substrate which is used in common for both transducers.



pi ezoel ectric materials, such as a piezoelectric crystal, LiNoG3, Quartz,
etc., piezoelectric ceramc material, Pb(2ZrTi)® (PZT), ZnO etc., or a
pi ezoel esvoboski N fil m deposited on a non-pi ezoel ectri cpeDbedv@b®E such
as ZnO on silicon. The SAW device conprises a pair of electro-SAW
transducers and a SAW propagation path established therebetween. Usually;
t he SAW propagation path is constituted by a part of the polished

pi ezoel ectric substrate which is used i4 common for both transducers. WO
01/93421 2 PCT/ SG1/ 00086 An acoustic wave with a frequency as high as
several gigahertz travels on the substrate surface at a velocity which is

about 10"5 times that of electromagnetic.wayes, S hCthwave
thus has BReacusii tWawe Wiy @pgrpﬁgyé %@fﬂi‘ \%iﬁege{rg\let%égn}%g% ?P%e tr(r)icrovvave

frequencyof trkﬁ‘eiuﬁﬁ&’é ?nei SOV g a¥bid 1071 thged hasef piccpentiresicoavebe
used in def 5y ines, Ti ¥ers, pul se processors and ot her nicrowave &%w ces
and ci r cuptsrfabdacouSiWVadekalud hasethe sleev devel pronery ofsodad SfHCTEF NG Phe

velocity of the surface agoustic 1 he &t Sta t lkedabpet he
surface aBBTSVRKS WESHBSRHTY 8%; 1si %%qwggg%% %@ﬁﬁ? Eﬁgse A‘S’\;sf&:tll ?e?, Che

frequency Sk £8e9f pilBepidckisers Aidethatmicrbwad: daiicisypndyirctitfe sound
vel ocity o e%?hgggg\}\l/%%’dﬁt%e’%l ec?rode patterns of the input and out put
transducers. Cenerally, the electrode pattern of a transducer includes a

plurality_of parallel ..electrode strins eNiat {QBcief of Hige Strfices
det er ni nel? ?t@*ﬁfi@]@f/i W’&?‘ea&&%gﬁer %n??t&{?ﬁng& é)?’ngllée- ph%lgje Ot ransducer, all
the el ect podeiistyLps Ade thdi dik@hoedrdiellad siynghe pirfse, acauishity YA Sleét r ode

strip and one gap region between el ectrode strips defining a region for
one wavel piegbdiectric surface. .

In 2 SAW filter, the frequency characteristics of the filter are determined mainly by

the sound velocity of the SAW and the electrode patterns of the input and output

transducers.

Generally, the electrode pattern of a transducer includes a plurality of parallel

electrode strips. The orientation of the strips determines the direction of a wave front.

In a single-phase transducer, all the electrode strips are maintained at a single phase,

with one electrode strip and one gap region between electrode strips defining a region

for one wavelength.

In an interdigital transducer, electrode strips are formed at an interval of Y%
wavelength, and two-phase control is carried out, More particularly, two comb-shaped
electrodes each having a plurality of electrode fingers (strips) are opposed and
interlocked and maintained at opposite phases. Two electrode strips and two gap
regions between the strips define a region for one wavelength. Typically, the electrode

strips and the gap regions all have the same width / which is A/4, where A represents

the wavelength of a SAW.



In an interdigital transducer, electrode strips are fornmed at an interval
of Vz wavel ength, and two-phase control is carried out. Mire particularly,
two conb-vedapexd21 el ect rodes each having a plurality of el rCT/sGaRIDENgEr S
(strips) are opposed and interlocked and naintai ned at opposite phases.
Two el ectrode strips and two gap regions between the strips define a

regi on for one wavel ength. Typically, the electrode strips and the 'gap
regions all have the sane width 1 whicB is 2J4, where 7,. represents the
wavel ength of a SAW WO 01/93421 3 PCT/ SQ1/ 00086 Conventional transducers
gener at e (S E AR EansducersetRsate RerfdtEuss inatalgs ondrdimensjonalliietheuist ace
acoustic wave travels generally in only one direction. AnAObeeeCctt o?fthé he

i nvent i orthé sutfasechopubiit WavAelFRYa)H 8ERTIGA @8DI RS GHSFIUN MY ENLFAC8

two- di mensi onal - SUILALS, BROUSLIE YRURK dcALEQRIAE deheddie hidanéistal t her o
Cc

IS provi dREFIEAR & o] ayer’for a two-dimensional surface acoustic wave
devi ce, GQRREd Sdolgicwagdsectrode pattern of alternating conductive and

non- conductive gap regions in at |east two directions. The el ectrode
pattern may conprise first and second arrays of substantially |inear

paral l'el strips, of esiéﬁ N t5iodlded i@ Igctioidp Sayet fohe to-dahermianay
oriented ‘fcocri&r%g%lﬁ)gﬁhgq W g anséggcs?ﬁ{)o the strips of the second,array. The
& Al

angl e of sprfh@nt@binit Megvebeledice, degmpasing Tare dPeEQdeo RRSHR t npri se
an array of concentric annular conductive_stri Wpdth of the

conduct i veng¥Gtiveandgpniron Bﬁ&g%{%ﬁ?sé‘&]ﬁg&g#g& P ﬁiyégtépar ation between the
strips. According to a second aspect of the invention, there is provided a

t wo- di nensi onal . ;
The electrode pattern may comprise first and second arrays of substantially linear

parallel strips of conductive material, the strips of the first array oriented at an angle

with respect to the strips of the second array. The angle of orientation may be 90

degrees.

The electrode pattern may comprise an array of concentric annular conductive strips.

The width of the conductive strips may be approximately equal to the separation

between the strips.

According to a second aspect of the invention, there is provided a two-dimensional

surface acoustic wave device including the patterned electrode layer.

The patterned electrode layer may be a top electrode layer located on the piezoelectric

layer. The device may include an underlay electrode layer located between the

piezoelectric layer and the substrate layer.

The patterned electrode layer may be an underlay electrode layer located between the

piezoelectric layer and the substrate layer, the device further including a top electrode

layer located on the piezoelectric layer.



surface acoustic wave device including the patterned el ectrode | ayer. The
patterned el ectrode |layer may be a top el ectrode | ayer | ocated on the

pi ezoel esw@bv934kmyer. The device may include an underl ay PCESGOL@ESd ayer

| ocat ed between the piezoelectric |ayer and the substrate |ayer. The
patterned el ectrode | ayer may be an underlay el ectrode | ayer |ocated
between the piezoelectric |layer and the substrate | ayer, the device
further including a top electrode |awyer |ocated on the piezoelectric

| ayer. WO 01/93421 4 PCT/ SG01/ 00086 The device may further include a buffer

| ayer beﬁ{@ﬁ&@&ﬁ\f)@?{%ﬂﬁhﬁ&w %ﬁl@ye‘%rbet@g% tHeSuRIsPIRY redctrotiayfler A

surface acoustic vi'ce base pi ezoel ectric thin fil mdeposited
on a nonmandphezawtattlayer. substrate has been designed. The device is a

si ngl e- phase device and can generate two-di nensional surface acoustic
waves. For a better understanding of the present invention, specific

embodi meptg fﬁ&c&r dbiOwal @ defRe iHAYENSA 8 BidkoblectiRWhREfi e deposied onlaynosay - of
exanpl e, WEh reference to the acconpanying drawi ngs, in which: Fig. 1 is
a top vigezalecaiksubstraiertasitaeygidesined. dhedlsvie ie 8 ninduphRscoipvicriagd com s a
top view of a knoan sin I?-$ se tr;nsduc%r configuration with conductive
and non-8FREAICHTY m%?r’rs?‘%? ST RRNIFOY4E . 2B is a side schematic view to

illustrate a typical electric field pattern for a ZnQ Si singl e- phase
transducer; Fig. 2Cis a side schematic viewto ill u};li?rgle a tcypi al
el ect ri cFdri &bettepamntierstaniding af the prgpent jheniion; spscaile PRRSHREYS according

to the invention will now be described, by way of example, with refetence to the
accompanying drawings, in which:

Fig. 1 is a top view of a known interdigital transducer configuration;

Fig. 2A is a top view of a known single-phase transducer configuration with

conductive and non-conductive strips of width A/2;

Fig. 2B is a side schematic view to illustrate a typical electric field pattern for a

ZnO/Si single-phase transducer;

Fig. 2C is a side schematic view to illustrate a typical electric field pattern for a

single-phase LiNbO; transducer;

Fig. 3A is a side schematic view of a substrate that is suitable for two-dimensional

SAW device fabrication;

Fig. 3B is a side schematic view of another substrate that is suitable for two-

dimensional SAW device fabrication;

Fig. 3C is a side schematic view of another substrate that is suitable for two-

dimensional SAW device fabrication;



Fig. 3Ais a side schematic view of a substrate that is suitable for

t wo- di nensi onal SAWdevice fabrication; Fig. 3B is a side schematic view
of anot havosupmerate that is suitable for two- di mensi onaPCBSGN@o$ce
fabrication; Fig. 3Cis a side schenmatic view of another substrate that is
suitable for two- di nensional SAW device fabrication; WO 01/93421 5 :
PCT/ S&1/ 00086 Fig. 4A is a side schematic view showing a typical electric
field pattern for a first enbodi nent sof two-di mensional SAW device; Fig.
4B is a side schematic view showing a typical electric field pattern for a-

second enbadi pen; 4of Whe diBRELANA! 2 S aleslbasic fidld pafiefnsfoa a fipstvi ew of
a patterﬁédgﬁ Eld SC g{‘/]erc (l)l’ a tV\Dn@dl nensi onal SAWdevice; and Fig. 6

is a tOperMb@Mmﬁt @th\xa:nmmhemlqmat BaWiddvietiect rode | ayer for a two-di mensional
SAW device. As shown in Fig. 1, a conventional interdigital transducer
consists of two electrodes 1 and 2, each conprising an arm having a

pl ur al 10k Gondyed Lanfaiasi.e sBoRfitk 4 typlhe cldcirhgfiell ptenelect saodadst r i ps
extending“fromthe arm and are alternately spaced with respect to one

anot her ahbnstgmnmﬁ'amdunenwaéﬁﬁf\’g@évwﬁnth non-conductive gap regions 5
between the fingers. As indicated in Fig. 1, the width of each of the
conductive fingers and the non-conductive gaps therebetween is equal to X/ 4

vvher e 2 igs 5408 1opVieWeyel givedried dibétratzplayer ﬁormttwo%dltnheSlop@lrSa"eWn@eW?eequency
of \/6 evice 'is det erm ned by the capability of the photolithographic
technl qumd bei ng used to

Fig. 6 is a top view of an annular patterned electrode layer for a two-dimensional

SAW device.

As shown in Fig. 1, a conventional interdigital transducer consists of two electrodes 1
and 2, each comprising an arm having a plurality of conductive fingers 3 and 4. The
fingers are electrode strips extending from the arm, and are alternately spaced with
respect to one another along a non-conductive surface, with non-conductive gap
regions 5 between the fingers. As indicated in Fig. 1, the width. of each of the
conductive fingers and the non-conductive gaps therebetween is equal to A/4 where A
is the SAW wavelength. The upper limit of the operating frequency of a SAW device
is determined by the capability of the photolithographic techniques being used to

define the transducer.

A single-phase transducer configuration, as shown in Fig. 2A, doubles the operating
frequency possible for a given photolithographic capability. In Fig. 2A, a single-phase
transducer includes a conducting arm 6 having a plurality of conductive fingers 7
extending from the arm, with non-conductive gap regions 8 between the fingers. As

indicated, the spacing between the fingers, as well as the width of each finger is A/2,

where A is the SAW wavelength.



define the transducer. A single-phase transducer configuration, as shown in
Fig. 2A, doubles the operating frequency possible for a given

phot ol i t vogoapdlec capability. In Fig. 2A, a single-phase PCT/&G6HW0SYT

i ncl udes a conducting arm6 having a plurality of conductive fingers 7
extending fromthe arm wth non-conductive gap regions 8 between the
fingers. As indicated, the spacing between the fingers, as well as the

wi dth of each finger is X/ 2, where ? s the SAWwavel ength. WD 01/ 93421 6
PCT/ S&01/ 00086 A side vi ew of a singl e-phase one-di nensi onal transducer in

a | ayer eg (96[1{/16% §é1? g ase 1rhéhsﬁin9.1 trgr%dua-éﬁntarlé’fﬁg&'@&{ﬁgﬂﬁtﬁdiﬂﬂs a top

el ect rode ayer as shown in Fi g. includi'ng fingers 7. Bel ow
this, t hﬁxdmamsﬂgc% The truﬁbiRC&“l@chmiyea t&p eIAttrodmkagsq:ﬂ Im}temeé(ﬂsr&béé/nl layer 10,

Si @2 buff I I 12 and Al t 1
o ectr :JcFlfe"r7e$ 3%&,5%@ ﬁ?llée;@gﬁggﬁllox‘y Uar Q}%Ingﬁnsgluﬁ?fglcntch@%? h?%‘? nase & § he Zno
| ayer % glxégl e??ét}&ﬁetlg{ﬁéefe . %5108 bl 8y e M8l |s§ifcoh h@ﬁrtmaﬁ@mlm@ubﬂ&vveen

t he el ec I ngers ﬁ contrast, "a si n?p e- phase one-di nensi onal
t r ansduckyet h3.aTlsd eigcttacd‘reymlaés arcogenierllyapard 1|S§1C§Hb¢/\ﬁhlckﬂ¢5$P§t 0| this

th t he el ect han th
Crystal BHPCR DR ICHHBRERogen FT o R BB PR E e P e Caeir s s

depi ct edg 4,%} sFig. 2C, the single-phase patterned el ectrode layer with
conduct i ve° ingers 7 is positioned on a Li NbG3 substrate 14, ‘and a back
electrode 15 is deposited at the back side of the LiNoO3 substrate The

ot ur e afteRe. & ey SRR R g B iR
transducginddurdih isaW irC @R, | JUr By 108 chses hheveparinf bewveentthe electrode
fingers 7 is much smaller than the crystal thickness. Therefore, fringing of the electric
fields occurs as depicted. In Fig. 2C, the single-phase patterned electrode layer with
conductive fingers 7 is positioned on a LiNbO; substrate 14, and a back electrode 15
is deposited at the back side of the LiNbO; substrate. The inherent difference in the
field pattern between the layered crystal structure and the single crystal structure
makes the single-phase transducer in the layered configuration much more efficient

than its counterpart in the single crystal configuration.

Figs. 3A, 3B and 3C show side schematic views of substrates that are suitable for
embodiments of two-dimensional SAW device fabrication. In Fig. 3A, the substrate
includes the top electrode layer 16 (Al, Au, etc.), the piezoelectric layer 17 (ZnO,
PZT, LiNbO;, LiTa0s, etc.), the underlay electrode layer 18 (Al, Au, etc.), the buffer
layer 19 (SiO,, Si3N,, diamond, etc.), the elastic substrate layer 20 (sapphire, Si,
GaAs, InP, fused silica, glass, etc.),and the back electrode layer 21 (Al, Au, etc.). In
Fig. 3B, the buffer layer 19 is absent, whilst in Fig. 3C, both the underlay electrode

layer 18 and buffer layer 19 are absent.

The term “elastic substrate layer” means any substrate which has a linear relationship

between its stress and strain. Thus, an elastic SAW can travel on it.



than its counterpart in the single crystal configuration. Figs. 3A, 3B and
3C show side schematic views of substrates that are suitable for

enbodi mrew@ 009342100- di nensi onal SAW devi ce fabrication. | nPEI/GGOBIMISE he
substrate includes the top electrode |ayer 16 (A, Au, etc.), the

pi ezoel ectric layer 17 (ZnO, PZT, LiNbQG3, LiTa®3, etc.), the underlay

el ectrode [ayer 18 (A, Au, etc.), the buffer layer 19 (Si 2, Si 3M,

di anond, etc.), the elastic substrate tayer 20 (sapphire, Si, @GAs, InP,
fused silica, glass, etc.),and the back electrode |ayer 21 (A, Au, etc.).

he buffer | h
under | oy Pt Bacts P upe Yietio T PESERkin Sl s Bt Wil e

"el asti CSAW%O@E@M&@mme&ﬁcﬂM pathshy. at e which has a linear
rel ati onship between s stress and strain. Thus, an elastic SAW can

travel on |t WO 01/93421 7 PCT/ SG01/ 00086 Figs. 4A and 4B are side

schemat | igh 8 q{]o}é %Bar[f?m@&s"@{‘i&_%a&é b egtrgﬁélﬁaﬂp%r 2 SRV HBMAGESaI t h

typi cal terns. Figs ow plan views of a

patter negAeWea@wc@_de | ayer for a two-dinensional SAWdevice. For the first
enbodi nent, shown in Fig. 4A, the substrate of Fig. 3A was used, with the
top el ectrode |ayer 16 patterned with a two-di nensional el ectrode pattern

o FEf ﬁﬁ%ﬁ&eﬁx@@@ﬁ%’i %{1_1'8% @' Figl ﬁgd?ne' QN8 DY, & et fisedneithas

shown in deflay electrode layer 18 is
unpat t er fiecop Ellcgtroéé\lzsyhﬁ% ;ialtteneldewtth mctwbrdamnslopatedmtw £ dattereZd. ikost

enbodi nent oper ati n | n SI n has m)de t I, at t ern
22 15 maPHE e RReTEd S OBRSET JPonet e PeBemRt e BoA Al s
Fig. 4B fIpf %P%Héﬁé}ﬁelggtr&:deglay@f‘l S"%Sudiﬁﬁéimed. Fig. 4A shows the electric field’

pattern for the first embodiment operating in single-phase mode, i.e. all the electrode

pattern 22 is maintained at the same phase.

For the second embodiment, shown in Fig. 4B, the substrate of Fig. 3A was used,
with the underlay electrode layer 18 patterned with a two-dimensional - electrode
pattern 22. For example, the patterned electrode layer 22 may be patterned as shown
in either Fig. 5 or Fig. 6. The top electrode layer 16 remains unpatterned. Fig. 4B
shows the electric field pattern for the second embodiment operating in single-phase

mode, i.e. all the electrode pattern 22 is maintained at the same phase.

The patterned electrode layer shown in Fig. 5 comprises two arrays 23 and 24 of
linear strip electrodes with gap regions 25 located between the electrodes. The arrays
23 and 24 are in electrical contact with each other, and consequently the patterned
electrode layer may be fabricated using standard photolithography and metallization
processes. In the embodiment, the arrays 23 and 24 are oriented at 90 degrees to each

other. Thus, the arrays 23 and 24 define two different ultrasonic wavelengths A and

A that propagate simultaneously in the x and y directions respectively.

The arrays 23 and 24 are at the same electrical potential, and respond (resonate) at

different frequencies of an electrical power source. Two surface acoustic waves may



wi th the underlay el ectrode | ayer 18 patterned with a two-di nensi onal

el ectrode pattern 22. For exanple, the patterned el ectrode |ayer 22 may be
patternewwa@asvsiaomn in either Fig. 5 or Fig. 6. The top eperscod®osayer 16
remai ns unpatterned. Fig. 4B shows the electric field pattern for the

second enbodi nent operating in single-phase node, i.e. all the el ectrode
pattern 22 is maintained at the sane phase. The patterned el ectrode |ayer
shown in Fig. 5 conprises two arrays 23 and 24 of linear strip electrodes

with gap regions 25 | ocated between the el ectrodes. The arrays 23 and 24

are in electrical .contact.. wmth egch .ot.her n n AV rned
el ect r od@®| &Vé?e%m?y REOYISHE At o e%gf%ggg?rgﬁdg'}l%%p%ﬂiﬁﬁ h%lg r g%ﬁg@%%
met al | i 2@hiPBnerd¥. 95 B:SASetrital dduecesstrp dbiiaine ont feqasioyyorabnentthd oalye
oriented at 90 degrees to each other. Thus, the aréﬁays 23 and .24 define

two di ff enestrizdetacassin wavmoat bpgregtedpunigsithe amays define, g Fapgirasonic

si mul taneous%}/}gtihn the x and y directions respectively. The arrays 23 and 24
are at t &S el ectrical potential, and respond (resonate) at different
frequencies of an electrical power source. Two surface acoustic waves nay
WO 01/93421 8 PCT/ SEO1/ 00086 be created P¥ provi dhn an ﬁl %ct r.{l}c I Source
whi ch codthaidssicnwed the pefterned clecHRAG VST 8F Fig StIAYY Bf BERYRIHS &3

e only

cont ai ns one 11.eAHENeY. SUMANSIY 4GB neRYGALK BaRe AuRYS Llcetrsae Can

ss the”artays define the same ultrasonic wavel ength. The
desi gn ohatihe apditfe@npedds] ex bendete wyasonif wivey.in Bliffergnbdiressions and 8@, wi t h
two or nore electrode arrays positioned at different angles and with the
| i near eldéféﬁtf%idé%"dwsﬂg a different width, to generate ultrasonic waves
in different directions and with different wavel engths.

The patterned electrode layer shown in Fig. 6 comprises an array of concentric
annular eléctrode strips 26 separated by gap regions 27. The electrode layer pattern
defines radial ultrasonic waves of wavelength A;. The annular electrode strips 26 are

in electrical connection with each other by means of a radial strip 28.

In general, a two-dimensional single-phase SAW device may be fabricated using any
of the substrates illustrated in Figs. 3A to 3C. Either the top electrode layer 16 or the

underlay electrode layer 18 is patterned, for example, in the manner illustrated in Figs.

5 and 6.

The piezoelectric layer 17 may be a polycrystalline or single crystal material. The

piezoelectric layer 17 may be formed of, for example, ZnO, PZT, LiNbO;, LiTaOs3,

etc.

The buffer layer 19 is a dielectric thin film, such as SiO,, SisNg4, diamond film, etc.
This layer is generally included to improve the crystallinity or texture of the

piezoelectric layer. It can also be used to increase the speed of the SAW.

Each electrode layer may be a thin metal film such as Al, Au, Ag, Ti, or a conductive

thin oxide film, such as Al:ZnO, ITO, ATO, or a semiconductor film, such as p-type

silicon.



The patterned el ectrode | ayer shown in Fig. 6 conprises an array of
concentric annular electrode strips 26 separated by gap regions 27. The

el ectrodavoayex2pattern defines radial ultrasonic waves PETAaveioesigt h X3.
The annul ar el ectrode strips 26 are in electrical connection with each
other by means of a radial strip 28. In general, a two-dinensional

si ngl e- phase SAW devi ce may be fabricated using any of the substrates
illustrated in Figs. 3Ato 3C. Either ghe top electrode |ayer 16 or the
underl ay el ectrode layer 18 is patterned, for exanple, in the nmanner
illustrated in Figs. 5 and 6. The piezoelectric |layer 17 may be a
polycrystalline or single crystal material. The piezoelectric layer 17 may
be for ”Edl‘lféfelasii@rsu%?a@@la?/er 20GhayPBd a ckistiB matefal3such ab sapp‘ﬁlne ﬁﬂ’fl()e,r | ayer
19 is a dielectric thin film such as Si 02, Si3N4, di etc. This
| ayer is ege@éﬁapmyrﬁrsmlhn@l,e@Ovﬁilqaﬁﬁrl%ﬂﬁ@mqq@a‘fﬁ%tS‘é‘F}} %&159&]8}1%1 ST ECof t he
pi ezoel ectric_| S criggse e edi0f ot Re SAW
Each el et r%dc‘éonﬁéﬁté‘fe r%@teggl %ﬁ %engélt:(g fﬁa%@sulgl AH,h& Gﬁﬁ g%\g,oél'l or a
conduct i yemidoRtctOxindeerial kidzh &EIEO,aBZ"AILﬂbQ;, LI@O:ATO, or a sem conduct or
film such as p-type silicon. WD 01/93421 9 PCT/ SG01/ 00086 The el astic
substrate | ayer 20 nay be a crystalline material, such asI sapphire, SrTi (B,
etc. L A8 HcABl akinglthe Sushasoff used
oL O JnIRDBENHEA bR ARAUSHACOALY g el [olbAcaal aphlze Mgl uo
AN, GaNZF,lg €3G; thedrtha sulssrite tnyduwulcb be mitherra conduativie erseppndpeter mafatishs,

Li TaG3a etc. In the case wher, \tl)co d| rrenS| onal SAW device is fabricated
usi ng thé‘ngtﬁll‘f‘stppéleétnge ayer wi be pa

These two-dimensional SAW devices can use the substrate more efficiently and are
more versatile than conventional SAW devices, and can be used in SAW delay lines,
resonators and filters. By using semiconductors as the substrate, it is also possible to

integrate SAW devices and electrical circuits on the same chip.



Fig. 3C, then the substrate |ayer wll be either a conductive or

sem conductor material, and the top electrode |ayer will be patterned.
These twwaonexgi onal SAW devi ces can use the substrate npeESebfioosent |y
and are nore versatile than conventional SAWdevices, and can be used in
SAW delay lines, resonators and filters. By using sem conductors as the
substrate, it is also possible to integrate SAWdevi ces and el ectri cal
circuits on the sanme chip. WO 01/93421,10 CLAI Ms: PCT/ S@&1/00086 1. An

el ectrode | ayer for a two-di mensional Wrface acoustic wave devi ce,
conprising an electrode pattern of alternating conductive and
non-conductive regions in at |least tw directions. 2. An el ectrode

structur R&r,di ng to claim1, the electrode pattern conprising first and
second aﬁ%%@s—ﬂf substantially |inear parallel strips of conductive

material, the strips of the first array. oriented at an angle with respect

to the strips of the second _array. g An, el ect rfode strL{cture agcoré:li ng to
cl ai m 2, 1t heA#n§lestBER Nk 198 g7 cR0-dunengipnal SPHAGY LTI tUE A€E¢6¥Pdi ng to

clai m 1 obiriGheGh iR ek GOMRIh:AGRRucHd 4 n-6aMReYE IegigRNul ar
conductive rps. 5. An ectrode strucCture according to any one of clains
2 to 4, imha ledsttvo dire¢tioms. conductive strips being approximately equal to
t he separation between the strips. 6. A two-dinmensional surface acoustic
wave devi ce conprising a piezoelectric |layer, an elastic substrate-|ayer

and an ehect hadg. LAY sPRhR ARVrdifs e dldif 1 OtRNMleaRRle Ptteth @bmprisingo 5.
first and second arrays of substantially linear parallel strips of conductive material, the

strips of the first array, oriented at an angle with respect to the strips of the second

array.
3. An electrode structure according to claim 2, the angle being 90 degrees.

4.  An electrode structure according to claim 1, the electrode pattern comprising an

array of concentric annular conductive strips.

5. An electrode structure according to any one of claims 2 to 4, the width of the

conductive strips being approximately equal to the separation between the strips.

6. A two-dimensional surface acoustic wave device comprising a piezoelectric

layer, an elastic substrate layer and an electrode layer patterned according to any one

of claims 1to 5.

7. A two-dimensional surface acoustic wave device according to claim 6, the

patterned electrode layer being a top electrode layer located on the piezoelectric layer.

8. A two-dimensional surface acoustic wave device according to claim 7,

including an underlay electrode layer located between the piezoelectric layer and the

substrate layer.



7. A two-di nensional surface acoustic wave device according to claim6, the
patterned el ectrode | ayer being a top electrode | ayer |ocated on the

pi ezoel eswobood4ayer. 8. A two-di mensional surface acoustiBCwagGel/@esd ce
according to claim7, including an underlay electrode |ayer |ocated

bet ween the piezoelectric |layer and the substrate |ayer. W 01/93421 11
PCT/ S&)1/ 00086 9. A two-di nensional surface acoustic wave devi ce accordi ng
to claim6, the patterned el ectrode ligyer being an underl ay el ectrode

| ayer | ocated between the piezoelectric |ayer and the substrate |ayer, the
device farthgridNglHdichat dPRcela@6idiRIGave akolcel AGREAH: OB, claide 6, the

pi ezoel ectric ﬁ ayer. fO. A two-di nensional surface acoustic wave device
accor di ngptemed! elienir@doager béing tave underddyudlastrode Haydre locktefe beEENEBA t he

underl ay .el ectrode | ayer and.th ubstrate . | .. :1% .An e

st r uct uriieFrecl ¢ %é’gﬂf\{‘?é% %‘Héﬁrﬁﬁi‘&ﬁg’ttﬁg dﬁé\?@%ﬁr%&g%@t%{ﬁ? feg‘fﬁQ‘S’%e as
her ei nbef pr.q,dgsesh B ddledit BRACE to and/or substantially as
iIIustrateJ In any one or any conbination of Figs. 3Ato 6 of the

acconpanyi ng drawi ngs. 12. A two-di nensional acoustic wave device
substantjally as herei nbef ore. descri i B & 1P I®lor 9

subst ant#ogl I‘% té"é"?‘l“ﬁ?é’ﬂ”ﬁ[ 53%??16 gcrﬂ}‘{ Sg‘ggv%%g g‘%’)}&gfg%{?ggﬁ {é)nC% Fioés.’ 3A to
6 of theyAREOMPRAYIZS bEffeMageSbetween the underlay electrode layer and the substrate

layer.

11.  An electrode structure for a two-dimensional acoustic wave device substantially
as hereinbefore described with reference to and/or substantially as illustrated in any

one or any combination of Figs. 3A to 6 of the accompanying drawings.

12. A two-dimensional acoustic wave device substantially as hereinbefore described
with reference to and/or substantially as illustrated in any one or any combination of

Figs. 3A to 6 of the accompanying drawings.



