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A SAW device is constructed sothat electrical signals are transformed into acoustic
surface waves by a transducer formed on a pxezoelectnc 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, LiNbO;, Quartz, etc.,
piezoelectric ceramic material, Pb(ZrTi)Os (PZT), ZnO, etc., or a 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.
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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 %2
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.
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substrate. The device is fabricated using piezoelectric materials, such

as a piezoelectric crystal, LiNbQ3, artz tc. i . .1 C_ceram c
mat erial , PBRezelestiode pattenyay mnsgtfg_s(?:l rsegm‘gi aé?éf%logcs rs%llﬁ‘# Eﬁe il m
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AW 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.
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PCT/ SG01/ 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 tines that of electronmagnetic wayes. A surface acoustic wave thus
has the slow travel property of sound while retaining the mcrowave
frequency aheighdcesSaby ?ﬁ}heﬁ%ﬂﬁ\/zf bifer 'fhghll betivBh thb SHGerRy URiddeQsyesan be.
used in delay lines,” filters, pulse processors and ot her m crowave devi ces
and ci rcui @rd the subsirg@alayael ay |ine, the delay tine is deternined by the
velocity of the surface acoustic wave and the distance travelled by the
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out put transducers. nerally, the electrode patfern of a transducer

i ncl udes agpretatavordimensionat surfage acopsticcyavéde strips. The orientation of the
strips determines the direction of a wave front. In a single-phase
transducer, all the electrode strips are maintajined at a single phase,
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el ectrode strips are fornmed at_an i nt erva %2 wavel ength, and

t wo- phase eeampalyinegdrewings.dewdigh: More particularly, two conb- shaped

el ectrodes each having a plurality of electrode fingers (strips) are
opposed and interlocked and nmintained at opposgite phases. Two el ectrode
strips andFisb isgepp viewpf dmoma interdigitplimnsdueer senfiguration; 5 regi on for one
wavel ength. Typically, the electrode strips and the gap regions all have
the same width | which is V4, where ? represents_the Egvelengt_ of a SAW
3 0 NOV 208ig. \B® s ao®n2view of a known single-phase transducer configuration wi

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 2 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 devifze 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;
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type of SAWHSVI¥E that can generate two-di mensional sPFVSEYOMBG st ¢
waves. According to the invention, there is provided an el ectrode |ayer
for a two-dinensional surface acoustic wave device, conprising an

el ectrode pattern of alternating conductive and non-conductive gap
regions in at least two directions. The el ectrode pattern may conprise .
first and d..ar I Lall 1 : I ' 4 [Bigst Of
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Wi t h r espeetbbdimeitef swo-diysensional Ba V¥ dederd array. The angl e of orientation
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concentric annul ar conductive strips. The width of the conducti VS strips
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Accor ding L0, 8;3EGAR] {ASREAL: RSNV UBMEAL T on, there i s provided a

t wo- di mensional  surface acoustic wave, device including the patterned

el ectrode | ayer. The patterned el ectrode | ayer nay be a top el ectrode
l'ayer |ocat i ' SlainheasionB IS AW an
under | ay eI@é?%%%gﬁéeﬁgg?g%g&tggk%%t{%ggﬁlél{ ﬁ’g%ﬁi Szoel ectric | ayéegre and the
substrate laader. The patterned el ectrode | ayer nay be an underl ay

el ectrode | ayer | ocated between the piezoelectric |ayer and the substrate
| ayer, the device further including a top electrode |ayer,|ocated on the
pi ezoel ect rfig 6 @yeetop vievp ofidy apmdar MALewed glsapodedaysefor LEYAATFBBEEhe devi ce
may furtherS ivp%%‘”&le a buffer layer between the underlay el ectrode |ayer
and the subs‘f\t ate Tayer. A surface acoustic wave device based on a

pi ezoel ectric thin fil mdeposited on a non- piezoelectric substrate has

been desi gnady & HEV1, GRohvenford Red:-Sip il d8RsdeeRY o6iisty 6t tw@Blectrodes 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, 2 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.



generate two-di nensional surface acoustic waves. For a better 3 D Nav %m,*
under st andi ng of the present invention, specific enbodinents according 't
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t he accorrpg'rﬁ}y%%hdr awings, in which: Fig. 1 is a top vPeHPE Y84k nown
interdigital transducer configuration, Fig. 2Ais a top view of a known

si ngl e- phase transducer configuration with conductive and non-conductive
strips of width ?2./2; Fig. 2Bis a sid§ schematic viewto illustrate a
typical electric field pattern for a ZnQO Si singl e-phase transducer; Fig.
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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 strl}ctute

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, LiNbOs, LiTa03, etc.), the underlay electrode layer 18 (Al, Au, etc.), the buffer
layer 19 (SiO,, Si3N4, 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.
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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



Figs. 3A, 3B and 3C show side schematic views of substrates that are
suitable for enbodi nents of two-dinensional SAW device fabricati Oﬂ'ﬂ IN@V 2004
Fig. 3A thﬁ,o%%)ﬁ}lr ate includes the top electrode |layer 16 (A, AU,

etc.), the piezoelectric layer 17 (ZnO, PZT, Li No@Bi P¢Y/ 0086 ot . ) ,
the underlay el ectrode |ayer 18 (A, Au, etc.), the buffer - layer 19
(Si2, Si3N, dianond, etc.), the elastic substrate |ayer 20 (sapphire,
Si, GaAs, InP, fused silica, glass, gtc.),and the back el ectrode | ayer
21 (A, Au, etc.). In Fig. 3B, the buffer layer 19 is absent, whilst in
Fig. 3C, bagth the . upder| ay. el ectrode .layer 18.and buffer layer 19 are
absent . Thgbet éfwedepbés?r%’%gﬁb?f‘rg?‘g“?aéy gt & 1gij§g/{:r§¥%uem ch has a
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can travel on it. 3 0 N 2004 MO 0}/%%@21 7 PCT/ § / 00086 Eioﬂs. 4A and
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devi ces w twavelepgthal el ectric field patterns. Figs. 5 and 6 show pl an
views of a patterned el ectrode |layer for a two-di mensional SAW devi ce.

For the first enbodi nent, shown in Fig. 4A, the substrate of Fig. 3A was
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| ayer 18 i shavingpafifferenteddthFioggendrateatiteassnit iveveslire different fireskions angdagtither n f or
the first ephodinent, operating-in single-phase node, i.e. all the

el ectrode ng[?tf‘étrvﬁvﬁlfnﬁs’ mai nt ai ned at the sane phase. For the second
enbodi ment, shown in Fig. 4B, the substrate of Fig. 3A was used, wth the

under| ay el.gctrode | aye 8,patterned wit t wo- di mensi opal -el ectrode
pattern 22.&5&&85?8 e§¥’°%%é£’8‘af€°é’%gﬁw§r gc&f@\é\%ﬁ gﬁﬁgf?aﬁg?/ceg{éﬁpatter ned
as shown ianngfei éledtrobe girips 26rsepargted by gdhegionp2 2| Bretaladiodd kyerpatt®nr enai ns
unpattened., Fig. 4 shows the electric, field pattern far the,second
embodi nent %E@%af?‘ihﬁg‘ﬂfr??°§’icr¥@v8§ﬁ ggvéim%c}éﬂt}e. ag'l.mlg‘i glegtipge 3?‘8%%?%1" e pattern
22 i s nai ntigieRegicd cotdtetiGanith pdth deher Bhmegma bf eradiabistep 881 r ode | ayer shown in
Fig. 5 conprises two arrays 23 and 24 of |inear strip electrodes with gap
regions 25 | ocated between the el ectrodes. The arrays

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.
5and 6.

The piezoelectric layer 17 miay be a polycrystalline or single crystal material. The
piezoelectric layer 17 may be formed of, for example, ZnO, PZT, LiNbO;, LiTa0s,

etc.

The buffer layer 19 is a dielectric thin film, such as SiO,, SisN,4, 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.



23 and 24 are in electrical contact with each other, and consequegtd)Notvh?m]ll
patterned electrode |ayer may be fabricated using standard

photol it thﬁ@%%;&nd netal lization processes. In the enbodi nent, the
arrays 23 an are oriented at 90 degrees to each ot RelSGOHIY8s t he
arrays 23 and 24 define two different ultrasonic wavelengths X i and 712
t hat propagate sinultaneously in the x and y directions respectively. The
arrays 23 and 24 are at the sane el ect§i cal potential, and respond
(resonate) at different frequencies of an electrical power source. Two
surface acoustic waves may 3 0 NOV 2004 WO 01/93421 8 PCT /SGE01/ 00086 be
created by providing an electrical source which contains two frequency
conmponent s. The elistie sublseatt ldyenl0 may be e costalline ontedkl) suchrae sippeine) SALiPs,conponent

Gt ine the S5t A SaRRR Ehlbed G P el SR et hEeS abettr g
el ectrode | ayer confludtivg . mbterialy sivh ger8iy dle] Cadhs, AnP,h AINMp @&N, e¢tor er al ect r ode

havi g o i FTRREReRy et PR ga AP A TRt b bt eo i i Trerent
directions and with different wavel engths. The patterned el ectrode |ayer
26 separ at ol Y S0 REPE rineioBiei B SAPCRPRE R Afcar e He SHERI TS P02
ul trasoni c Fig\is theh thecsubstewginyer X311 be bithenmennidactive begsmicidugtonmasgrial6 are in
genor al o FOAIoh ERGalk WL PiLheaBaet” SATe e “nmy be. fabri bated usi ng
any of the substrates illustrated in Figs. 3Ato 3C. Either the top

el ectrode | r..16..or t.he L. | ect i ed, for
exanpl o, i nTVRLCRCAREP P SETY SpuEs, b i o8 Sk i hord SeacRerlPhFiaC0, {0

| ayer 17 mayoteorematilothan cystentibiah SAW devicag)lasd cany/lst uded S AW delay livks

pi ezoel ectrjc | ayer he. f [P : Li Nb03,
Cl Ta0s, ©cretom S el By ipb Sindibus of e SBTRG e RED pliiible - (O
Si 3N4 , di ainepuitefSAWhdewtes and Elecsichlaireritsio thgesame ghipy i ncl uded to i nprove
the crystallinity or texture of the




pi ezoel ectric layer. It can also be used to. increase the speed of the
SAW Each electrode |layer may be a thin netal filmsuch as . Aud 0ANOVT2004
or a conductive thin oxide film such as A :2zZnO [TO ATGQ or a

sem conductor film such as p-type Sfd icon. 3 0 NOV 2004 WO 01/93421 9
PCT /S%g@ggﬁ The el astic substrate ™ ayer 20 may be a crystalline

mat eri al *as sapphire, SrTiG3, etc. or a non-crystalline,
acoustically isotropic material, such as fused silica, glass, etc. or a
conductive material such as Si, Ge, GaAs, IrnP, AIN, GN, etc. or a
sem conduclorA ﬁm—dim@sio;ﬁabwrfase Zogstich¥ave detviod comipfising, etc. In the case
where a two-di mens SAWFew ce is fabricated using the substrate of
Fig. 3C, then the s s?er‘%‘it‘é" A er will be either a conductive or

sem conduct or nat eAn élbstic saBsirddRyé@Bne! ectrode layer will be patterned.
These two-di nensi onal SAW devi ces can use the substrate nore efficiently
and are nore ver ghbPattasnedriertiodn layer, foralernstivg denducties arsmbnecndbetivesed i n

SAW del ay i t filters. By using sem conductors as the
substrat e, |{}g (S)ns #%%Peggtg%ﬁll%gﬁjons ‘foﬁ?l:erbs?nagt’e SAW devi ces and el ectri cal

circuits on the sane Chl P. 3ir&t d¥ectind drrelbi\RbstdMially lrﬁeéﬂ’ﬁraﬂlemﬁﬁé onal

surface acoustic wave devi ce conpri sing A piezoeleCtric layer el astic
substrate | ayer: and A%&tet@nﬁerdlva%wédbe ptaipepf thﬁ(ﬁlthtah'aEDnamtemgt

conductive and non- COHQH%B%IE%f96%9%1‘3%&'&1956%@(3&? }%es%% aI =

conprising; first and seco array ant I
strips of the conductiamynmderial, the strips of the f| rst array oriented
at an angle of 90 degrees with reﬁgect to the strips of the second

array; and an array of a corfBEHRY PEa SPFeNiEe aeaﬂmm%n@tsmmswmneu n
the width of the conductive strips being approximately equal to the

separation between the strips.

2. A two-dimensional surface acoustic wave device according to claim 1, the

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

3. A two-dimensional surface acoustic wave device according to claim 2,

including an underlay electrode layer located between the piezoelectric layer

~ and the substrate layer.

4. A two-dimensional surface acoustic wave device according to claim 1, the
patterned electrode layer being 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.

5. A two-dimensional surface acoustic wave device according to claim 3 or 4,
further including a buffer layer between the underlay electrode layer and the

substrate layer.



the width of the conductive strips being approxi mtely equal to tl“?acu \N,QV 2004
separation between the strips. 2. A two-dinensional surface acoust ve
device according to claim1, the patterned electrode |ayer being a top

el ectrode | ayer |ocated on the piezoe]ectric layer. 3. A two-dinensional
surface acgusi,'bc wave d?vi ce accordi to claim?2, including an underlay

el ectrode PaydPe pytemeds ex §sorsiingt9clainy i gamprisjng firshand sehendsubst r at e

| ayer. 4. At i j . i evi ccor di to
ciaim 1 the S TPREL AT B i R ko R R PR | ayer
| ocat ed between the piezoelectric |ayer and the substrate |ayer, the

devi ce furthekr, includin t el ectrode | ayer | ocated on the
pi ezoel ect I C&P%Qé*em@.gﬁ?%fﬁFmgﬁdg}ﬁa@ Ciad%‘/‘fé\@é s@ips 96 thedirgiearaydevi ce

according to efigitst & alandle williebRRE 1o tAE gk B ayer between the
under | ay el ectrode Iayergand theﬁ&substra?e ?tggg%bfng%ga 2004 11 6. The

patterned el ectrode | ayer according to claim1l conprising first and second

arrays of Lin rips.elegtrode with gaps.region | ocated between the

el ectr odes.h’ 7%‘%’%%{6% teé‘?ckrgge Qﬂysfc?%fd‘@&gtafiﬂﬂmaﬁg mséﬁ‘l??goé}tﬂée Brshamads ¢ he
strips of theofiéritad atahradyle vith REfeREtodhe RRpRBOHE siohl ahggPECt to the strips
of the second array. 8. The patterned el ectrode |ayer according to claim

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

strips of yherge r terned ctrode la according to
cl ai m 6, tae angf%gg%elﬁr%%d%leae;’gg%g&%&%ﬁofﬁaémgda e&”ﬁ%ﬁ’e&%@ JeSIRES] ayer
according to claim6, with at least two or nore electrode arrays

posi tioned, at, di ffe%g&t an%I ef and with the |inear electrodes having a
different W-dipe PR de layersasaerdingo slaimyd, withras Jeasittweior &eare ons and

Wi th di fferentletgiRlafags Positioned at different angles and with the linear electrodes

having a different width, generates ultrasonic waves in different directions and

with different wavelengths.





