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(54) Title: SURFACE ACOUSTIC WAVE DEVICE

(57) Abstract: A surface acoustic wave device that can operate in alternate-phase mode and single-phase mode, and thus generate
surface acoustic waves at two different frequencies. The device is based on a piezoelectric film deposited on an elastic substrate, and
includes an electrode layer patterned as two interdigital electrodes and electrical source (2). The device is operated in alternate-phase
mode by connecting the two electrodes to different ends of an electrical source (22). The device is operated in single-phase mode by
connecting the two electrodes to the same end of an electrical source.

A surface acoustic

The device is operated



1 SURFACE ACQUSTI C WAVE DEVI CE PCT/ S&1/ 00074 This invention rel at gslytmv 2004
surface acoustic wave (SAW devices, and nore particularly to a S
devi ce based on piezoelectric thin filnms. SAWdevi ces and rel at ed subj ect

A A AN oS 11 1) 12 9. S WL L LT

4 507 581; Patent US 4 531 107; Dransfield et al., "Excitation, Detection
and At t enuat pem b BE HHL.GH DEDEFIFNTY GIECR B | Br wSeikricaits @nd oy @8 eviarioBNYS o 0@iGuia-
Acousti cs, F’E&Iﬁc%&ggf‘g M’L\& BT, R TP antgtlefes pr CedatinaRbbrebiptions b perrisgtania bepral.
Vol . VI, pp. 218-272) Acadeni ¢ Press, 1975~ o efCT St " Theor et i cal
| nvest i gatffiedpf t he SAW properties of Ferroelectric Film Conposite
Struct ures”, " BEE“YPAHEH#PT ons on U trasonics, Ferroelectrics, and
Frequency Control, Vol. 45, No. 2, pp. 305-316, March 1998. A SAW device
is constructed so that electrical signals are transfornmed into acoustic
surface waves by a transducer fornmed on a piezoelectric substrate, and the
acoustic surface waves propagate on the surface of the substrate. The
device is fabricated using piezoelectric materials, such as a

pi ezoel ectric crystal, LiNoO3, Quartz, etc., piezoelectric ceramc
material, Pb(ZrTi)03 (PZT), ZnO etc., or a piezoelectric thin film
deposited on a non-piezoel ectric substrate, such as ZnO on silicon. The
SAW




device conprises a pair of electro-SAWtransducers and a SAW pr opaggtu ROV 2004
path established therebetween. Usually, the SAW propagation path i

consti tut ed“py ?34Q@rt of the polished piezoelectric substrate which is

used in conmon both transducers. 3 0 NOV 2004 WO 01F653643/09074

PCT/ SGO1/ 00074 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 wavks. A surface acoustic wave thus
has the slow travel property of sound while retaining the mcrowave
frequency of its source. SAWdevices utilizing these properties can. be

used in delay lines, filters, pulse processors and ot her m crowave devi ces
and circuits. In a SAWd%M&MﬁW det erni ned by the
velocity of the surface acoustic wave and the distance travelled by the

surface acoustic wave on a piezoelectric surface. In a SAWfilter, the
frequency chEf E¥ention slatesstogrTfagecacoysti waveniSd iedexicas: had mess paArticulfly t he

sound vel ocb@gmdgﬂ@ebﬁegywego@@cﬁgggﬁﬁ%e patterns of the input and

out put transducers. Cenerally, the electrode pattern of a transducer
includes a plurality of parallel electrode strips. The orientation of the

strips det e AWNRFictshRd didEEhlbfdt At alaMEeribELRithe fono@mypngﬁc%ﬁmase
transducer,_all_the electrode strips are naintained at a single phase,

with one elRfH389516% and one gap region between el ectrode strips
defining a peato8448P030ne wavel ength. In an interdigital transducer,

electrode strips are formed at an interval of Y2
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; and

Shih et al., “Theoretical Investigation of the 'SAW properties of Ferroelectric Film
Composite Structures”, IEEE Transactions on Ultrasonics, 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 piezoelectric 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)O; (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.



wavel engt h, and two-phase control is carried out. Mre particularly, JfWBV 2004
conb-shaped electrodes 'each having a plurality of el ectrode finge3
(strips) ar d and interlocked and naintai ned at opposite phases.
This is knoaﬁﬂggggfternate-phase mode. Two el ectrode s?FEﬁ?"QﬂH4tmo gap
regi ons between the strips define a region for one wavel ength. Typically,
the el ectrode strips and the gap regions all have the sane w dth 1 which
is V4, where X represents the wavel ength of a SAW Cenerally, conventional
transducers can be operated in only one node, either single- phase node or
al t er nat e- phase de. An _object of the.i.nvention s to conbhine these 3 0
NOV 2004 3%%0}%@&%&“34%%'&% ﬁé&)‘%‘yﬁ%s?ﬁf Bigee7 tavalhige ten be
oper at ed asubktidde sulaté e SRlockty daLAICIHRE 108amas diaber dltdmbirett wasqect of the
i nventi on, rovided a surface oustic wave evi ce, conpri sing:

s :
an el ectr o‘éteg“T éfge?écg'ﬁgf Pays s bas the,govg FQ@P@HW %isf"l‘f‘da‘ﬁhc'i‘}eﬁ?téﬁnﬂigdﬁ al

arr angenenﬁxicr@w@ieeisﬂak&gtdﬂ i do@itel SAWNdGNRS tutiBzifg Bfekd Piopertiay Odn bgTEANS for
providing _electrical cgnnection of boztelg | ectrodes tq the, samg end of an
el ectri cal "EBH Ytlales’dﬁféfsawésetmcea@ﬁ Ofr TICFRYTAYE SRAESS SABEEUS NG reans

for providing electrical connection of each electrode to a different end
of an elecfri source tqQ operate th devi,ce in ternate- phase node.
Accor di ng ]E“oa giﬁ&ﬁﬁﬁﬁpg’@tﬁgﬁ’ YRR 1§ gﬁ’fqegﬁ’,y %ﬁé(?]l@c‘l?% ogpb(qupugg@ a net hod
of operatidigustid 9dvd A6E H6 Odisthrice WaHed By e, suface destistie wavepéd S Ng an

el ectrode qu atterned as two electrodes with an interdigital

e
arr angenerit'® °ﬁ{°f> WY& Ectric layer and an elastic substrate |ayer, the
nmet hod conprising: connecting both electrodes to the sane end of an

I rical r h ' ' Lhgl e- ;..gn
goﬁ(r:lfaclt Fﬁ glngxg%‘%'eﬁltte% 81@ ?‘re%ﬁeenc; cgargcetgr}s%gs (I>fn theS h{t]g' a?e ngtglemercrlonqaelhly%yd
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 %
wavelength, and two-phase control is carried out. Morelparticularly, two comb-;e,haped
electrodes each having a plurality of electrode fingers (strips) are opposed and
interlocked and maintained at opposite phases. This is known as altemgte—phase
mode. 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 /4, where A represents the wavelength of a SAW.

Generally, conventional transducers can be operated in only one mode, either single-

phase mode or alternate-phase mode. An object of the invention is to combine these



el ectrode to a different end of the electrical source to operate ;ﬁﬁ NQV 2004
device in alternate- phase node. The patterned el ectrode |ayer ma e

top el ectrode |ayer located on the side of the piezoelectric |layer away
fromthe substrate |ayer. The device Yy further include an underlay

el ectrode | ayer | ocated between the pi“ezoel ectric |ayer and the substrate

| ayer. The patterned el ectrode |ayer may be an underl ay el ectrode | ayer

| ocat ed bettweenodesand pleeoe b ey iybe loR AW aledict MRt TP B TRAbAEHAY Gvo and the
devi ce furt(ﬂgr conprising a top electrode |layer |ocated on the side of

the pi ezoel BEPPIAUSPERSanway from the substrate |ayer. The device may
further include a buffer |ayer |ocated between the underlay el ectrode

| ayer and the substr%te | ayer. 3 0 NOV 2004 WD 01/93420 4 PCT/ SG01/00074 A
suf ace acousTPHRE)a fHshpsrest bz invention, there ssaupvided 4 surfapd avofsticrwateposi E) ed
on a non- iePRe/IoRPisihE 8 RSEER S er BRARMRAGH ' i £ can be
oper at ed iﬁialterggte-gphase.nnd?lo?ﬁgingﬁe?gﬁggggﬁgﬁgﬁpghﬁﬁ%gégﬂthe

devi ce can WERETENE Spiefosiestrigclayesy d elagtipvaibsteate tayer; diekfie farnirovidieguenci es.

The devi ce diaidaP&inbaiofRfl Wy Sbakies WPAFSEhELLFLRRN QRRRAC R devi ce”

For a better understanding o e present 1 nvention: “Spee I MBodi ment s
wi || now beopergies dei Wevice By sipgle-pifase xaodel end winednsr fof eprevidingt eledthieal

acconpanyi ngnfHeAM Hfcch bdetrdd!t§ B different end of an electrical source to operate the

device in alternate-phase mode.

According to a second aspect of the invention, there is provided a method of operating
a surface acoustic wave device, the device comprising an electrode layer patterned as
two electrodes with an interdigital arrangement, a piezoelectric layer and an elastic
substrate layer, the method comprising: connecting both electrodes to the same end of
an electrical source to operate the device in single-phase mode; and connecting each
electrode to a different end of the electrical source to operate the device in alternate-

phase mode.

The patterned electrode layer may be a top electrode layer located on the side of the
piezoelectric layer away from the substrate layer. The device may further 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, and the device further comprising a top
electrode layer located on the side of the piezoelectric layer away from the substrate

layer.

The device may further include a buffer layer located between the underlay electrode

layer and the substrate layer.



Fig. 1is atop viewof a known interdigital transducer configuration;

Fig. 2Ais a top view of a known singl e-phase transducer confi guraBi BNOV 2004
W th condugvti ve and non-conductive strips of wwdth V2; Fig. 2B is a side
schematic vI"QWPYN |1 ustrate a typical electric field pBEVEEHO0G4 o

ZnQ' Si  singl e-phase transducer; Fig. 2Cis a side schematic viewto
illustrate a typical electric field pattern for a single-phase Li NoO3
transducer; Fig. 3A is a side schemayic view of a substrate that is
suitable for single- phase/alternate-phase SAWdevice fabrication; Fig. 3B
is a side schematic view of another substrate that is suitable for single-
phase/ al t &rSs8ce a¢shatirewsmieyise besedfoggrniesaeledric thin §lim depositedpngy apa- schemat i ¢
view of a ' i ; S ;

phasel al { Do a8 5B 03420 5
PCT/ SQ01/ Dlpsg mops gr singleipbasg madgeansicthemiie idevied eap sepaselie surface rogiiséal el ectric

field pat{gy %PEw& h@f@eﬁglfﬁq%aﬁﬁaemvd&v&fe Bas' igée.%t t&eed "Ehkof a

si ngl e- phase/ al t er nat e- phase "SAW device; Fig. 4B is a side schematic view
showi ng aPhagefpleematesphage BAYV dgvided pattern for the single- phase node of a
second enbodi nent of a singl e-phase/alternate-phase SAWdevice; Fig. 5Ais
a side schematic view showing a typical electric field pattern for the

al t er nat eFestechsBernnderstgnding ef the peesens ygetiomespecifs egbodiments will now be

si ngl e- phaaghidh! 6y NalyCoP BaRfpieoWih AB¥MkAR 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 singie-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

Zn0/8Si single-phase transducer;

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

single-phase LiNbQ; transducer;

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

phase/alternate-phase SAW device fabrication;

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

phase/alternate-phase SAW device fabrication;

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

phase/alternate-phase SAW device fabrication;



Fig. SBis a side schematic view showing a typical electric field ??fNﬁV”mmq
for the alternate-phase node of the second enbodi nent of a

si ngl e- phas | ternate phase SAWdevice; Fig. 6Ais a plan view of the
pat t er ned eﬁé@?&%&g | ayer of an enbodi ment, showi ng theBCFWQB@WV%aI
connections for the enbodi nent when operating in alternate-phase node;

and ' Fig. 6B is a plan view of the patterned el ectrode | ayer of an

enbodi ment, showing the electrical cg@nnections for the enbodi ment when
operating in single-phase node. As shown in Fig. 1, a conventional
interdigital transducer consists of two electrodes 1 and 2, each

conpri si ngFin4Ariht Hds schgmatiqviey showips afypicahriestric field pajiem forthe sfuglkger s are

el ectrode phisk Rbde¥t £HQ oddiRdh: bPLsiBEhABMIRhRe-Phdse BAGY BvicesPaced with
respect to one another along a non-conductive surface 5, W t h

non- conducti ve gap regions between the fingers. As indicated in Fig. 1,
the wdth ef; 886G Gle {HENRRNAMG EAHRNS 3 BYREFIRRE ﬁéi@patféﬁﬂfo?%@ﬁ%iewe gaps

t herebetween is equal to 2J4 where 27__IS t he SAWwavel ength. _The upper
limt of tReAHEGEKR] angeandegibodimgenbel asingiaphnst/aliematesripst %RW{ ¢xieehy t he
capability of the photolithographic techni ques being used to define the
transducer. 3 0 NOV 2004 WO 01/93420 6 PCT/ S&1/ 00074 A singl e-phase

t ransducer Figodfi §ua side gphemasic sHatushe ingiagtyral elersiip Fisld paierofsrthl i ng
frequency pessidhitisd %d@oﬂﬂhxleﬁ@stemb@imehmr@@m-&agaﬂ&bﬁdg-bmse kAW 9. 2A a

si ngl e-phase . transducer includes a conducting arm6 having a plurality of
conduct i ved%i§8gers 7 extending fromthe arm w th non-conductive gap
regions 8 between the fingers. As

Fig. 5B is a side schematic view showing a typical electric field pattemn for the
alternate-phase mode of the second embodiment of a single-phase/alternate phase

SAW device;

Fig. 6A is a plan view of the patterned electrode layer of an embodiment, showing the
electrical connections for the embodiment when operating in alternate-phase mode;

and

Fig. 6B is a plan view of the patterned electrode layer of an embodiment, showing the

electrical connections for the embodiment when operating in single-phase mode.

As shown in Fig. 1, a conventional interdigital transducer consists of two electrodes 1
and 2, each comprising an arm having a plurality of 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 5, with non-conductive gap regions 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.



i ndi cated, the spacing between the fingers, as well as the width of 3eBhdNQV 2004
finger is ?J2, where ? is the SAWwavel ength. A side view of a

si ngl e- phasgthahsgucer, in a layered configuration is, shown in Fig. 2B
The transducer ingl udes a top el ectrode |ayer patterned?SESCHEWHM i n Fig. 2A
with fingers 7. Below this, the transducer includes ZnO | ayer .9, Al

underl ay el ectrode | ayer 10, Si 02 buffer layer 11, silicon layer 12 and
Al electrode |ayer 13. The electric f4eld lines are generally parallel
since the thickness of the ZnOlayer 9 is typically three to ten tines
smal l er than the spacing between the el ectrode fingers 7. In contrast, a
si ngl e- pha%é‘nglF‘é’H%sﬂd@E UCsT GonEpwglian, as Q?F’&Imé:éﬁafzﬁg%@attlﬁdhe peeralizgwn in Fig.
2C. In th'f&qﬁé:‘é?pos%ﬂﬂ% RPREIVES pRAbNRSR: #hﬁlﬁ‘caﬁibﬁ%rlﬁ(ﬁg fzwlg% 1e£has§ much
smal | er than fhe stal "t hi ckness. Therefore, fringin the electric
fields océ@F’%duﬁFé‘ %“é €6 t3c@PndpFting) gm 6 haying A @lualing|of- qgn V?)ﬁtlgeé? fhed

el ectrode ek@dyfihg Hbhhé AAAUGEH H&n- édn'agﬁfvé gdp ie%mﬂ@%'ﬁeh{’éyﬁ%e Bibefs. s NoGB
substrate 14, and a back el ectrode i S 'deposited at the back side of the
Li NbCB s utiadiqasadethe W@mgrhv@v@mth@iﬁnze& anwell pnthe yedthjofleachoingerisA/Det ween t he
| ayer ed %%&txﬂktﬁ?A%%ﬂr&e the single crystal structure makes the

si ngl e- phase transducer e | ayered configuration much nore efficient
than its counterpart in the single crystal configuration. Figs. 3A 3B

o non bl A8 SEASTIIL Gl FGullr SRR EddiBbioR P Rl R |,
Fig. 3A, f2BeThswinsducart mcluudcs! althpselectrede I@per@ammhbuyen FgeA( with Au
o) | PERbET ORGP BB R VRO A BT oM 08
19 ( S; 02, 1Gi $(Mbuf£¢r fayentll, sdicon Jayet Peand| Alstactodeubyr 13t The elgeaic fdd

(52001 1 0 ore SN bORNCIHRE SR, ofth2550 18P o )s P el

electrode ayer
ten times smaller than the spacing between the electrode fingers 7.

In contrast, a single-phase transducer in a single crystal configuration is shown in Fig.
2C. In this case, the spacing betweer the 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 fnuch 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 single-phase/alternate-phase SAW device fabrication. In Fig. 3A, the
substrate includes the top electrode layer 16 (Al, Au, etc.), the piezoelectric thin film
layer 17 (ZnO, PZT, LiNbOs, LiTa0s, etc.), the underlay electrode layer 18 (Al, Au,
etc.), the buffer layer 19 (SiO2, Si3Ng, diamond, etc.), the elastic substrate layer 20
(sapphire, Si, GaAs, InP, fused silica, glass, etc.),and the back electrode layer 21 (Al,



WO 01/93420 7 PCT/ SX01/00074 Au, etc.). In Fig. 3B, the buffer Iayy:g NBVi 2004
absent, whilst in Fig. 3C, both the underlay electrode | ayer

buf fer |ayegq 2/9:ﬁ50e absent. The term "el astic substrate Iaé neans any
substrate which has a linear relationship between its EtPRENOUAY strain.
Thus, an elastic SAWcan travel on it. An underlay el ectrode was descri bed
by Shih et al. in "Theoretical Investigation of the SAWproperties of
Ferroelectric Film Conposite Structures", |EEE Transactions on

U trasonics, Ferroelectrics, and Frequency. Control, Vol. 45, No. 2,

pp. 305- 316, C 998. . Shih. et al. . used the underl ctrode as a

fl oati ng el"é't‘:'ltvﬁ d@#%%gnf?ﬁg’b‘gfer l[E‘J‘F'é lgllseai’ﬁ%- éth‘ﬁ% é&yé‘&{h& eivagerey t i ci ency
of a devi celectbdelayet @ arid WuTFFed Layer 190 dbserpper at es i n al ternat e- phase node.
Figs. 4A, 4B, 5A and 5B are side schematic views show ng enbodi nents of

si ngl e- phase/ al t er nat e- phase SAW devi ces. For the first enbodi ment, shown
in Figs. 4Armmdm8masﬁmb§wvsrapat’ Enedis dﬁygubsaﬁe M&hbﬁ@la linkkr @€latioRbidp t he top
el ectrode Ia er r ned h the el ectrode pattern

shown in Fi%§ ein‘tﬁsﬁ’gfﬁﬂﬂ‘sﬁja@ C%R/aétl?g‘%‘lgfe‘?ag 3"%1‘?8 Y Underlay el ectrode
|l ayer 18 is unpatterned. Fig. 4A shows the electric field pattern for the
first enbodj nent o erating i,n s e-phase, node, i.e. all the cgnductive
fingers 3 g’ﬁ’d @eréarye At é“lgﬁélﬂsm \i J@hﬁﬁlgéﬁﬁl thg}éef’r*ﬁcﬂ.ﬁgeﬂn ?t he

e: ectric f Itlﬁd Shwa}irbptﬁtbsfo@lFeirhaecftmf Fﬂm@bh@d&xmﬁlcmﬁd&érmﬁgans&twns

al t er nat e- R

al ternating caonduct ersS 4 are
mai nt ai ned °8t gﬁiﬁﬁlﬁ’tlzénﬁﬁa%‘és apd) fﬁQH%‘CYgg?BB’?}d Qﬁb{;d ﬁt pp-3d »in Figs.
4B and 5B, Mdieh 9B Shilpérenl.fsed th@ undeali @Rctrode as a floating electrode to enhance

the electro-mechanical coupling efficiency of a device. Thus, the transducer only

operates in alternate-phase mode.

Figs. 44, 4B, 5A and 5B are side schematic views showing embodiments of single-

phase/alternate-phase SAW devices.

For the first embodiment, shown in Figs. 4A and SA, the substrate of Fig. 3A has been
used, and the top electrode layer 16 patterned with the interdigital electrode pattern
shown in Fig. 1, including conductive fingers 3 and 4. Underlay electrode layer 18 is
unpatterned. Fig. 4A shows the electric field pattern for the first embodiment
operating in single-phase mode, i.e. all the conductive fingers 3 and 4 are maintained
at the same phase. Fig. 5A shows the electric field pattern for the first embodiment
operating in alternate-phase mode, i.e. alternating conductive fingers 3 and 4 are

maintained at opposite phases.

For the second embodiment, shown in Figs. 4B and 5B, the substrate of Fig. 3A has
been used, and the underlay electrode layer 18 patterned with the interdigital electrode
pattern shown in Fig. 1, including conductive fingers 3 and 4. Top electrode layer 16
is unpatterned. Fig. 4B shows the electric field pattern for the second embodiment
operating‘ in single-phase mode, while Fig. SB shows the electric field pattern for the

second embodiment operating in alternate-phase mode.
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showi ng the el ectrical connections for an enbodi nent operating in
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connect ed th et e@&mﬂegldree\ﬂenaﬂ lsalfoévff)»s,l Whadre svolartbe velecityrhe thet swefeceend  of
t he el eCt“é?:Qusth%{rie 22 may be connected to the underlay el ectrode 18,
for exanple as 1n the first enmbodinent (Fig. 4A), or the top el ectrode
16, for exanple as in the second enbodiment (Fig. 4B). For single-phase

o rar ven. SR b1 BERY Mo ARG DL RGeS POOUER fyer'BYC! onat !

si ngl e- phasw/18) tof theaersbodiments Sthlde\thecéeqm;al lgenrfeationis ot enl embpdigentny of t he
operating in single-phase mode. The two comb-shaped electrodes are connected to the
same end of an electrical source 22. The other end of the electrical source 22 may be
connected to the underlay electrode 18, for example as in the first embodiment (Fig.
4A), or the top electrode 16, for example as in the second embodiment (Fig. 4B).

For single-phase mode compared with alternate-phase mode, the surface acoustic
wavelength is halved, A=A,/2 and the frequency is doubled, /=2f..

A single-phase/alternate-phase SAW device may be fabricated using any of the
substrates illustrated in Figs. 3A to 3C. Either the top electrode layer 16 is patterned
or the underlay electrode layer 18 is patterned, for example, in the manier illustrated

in Fig. 1.

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

efc.

The buffer layer 19 is a dielectric thin film, such as SiOz, Si3N4, 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.
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ATO, or a sgyp-gpadlednor film such as p-type silicon. The el asti c
substrate layer 20 may be a crystalline naterial, such as sapphire,
SrTMXB, etc. or a non-crystalline, acoustically isotropic material, such
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si ngl e- phase node, the top electrode 16 is connected to one end of the
In the case where a single-phase/alternate-phase SAW device is fabricated using the
substrate of Fig. 3C, then the substrate layer will be either a qonductive or
semiconductor material, and the top electrode layer 16 will be patterned. To operate
this device in single-phase mode, the top electrode 16 is connected to one end of the
electrical source 22 and the back electrode 21 is connected to the other end of the

electrical source 22. The substrate 20 serves as the floating electrode to enhance the

electro-mechanical coupling efficiency of the device.

These single-phase/alternate-phase SAW devices can use the substrate more
efficiently and are more versatile than conventional SAW devices. They 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.
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devi ce according to claim1, ayer being a top

el ectrode | ®fen eleouimtloume to bpersiede ddvidelin singkzplmkemote;candayer away from
the substrate layer.. 3. A device.according to cJajm 2, the device further
i ncl udi ng an un@é?rfsa@r Bjod r}gﬂgc%nq:ajygr}nefgglmfgchaem%@ tPﬁéh%?réBt(fé‘Idect ric
llayer and t hef anbREfRhEBOLARXES opétateAhdlgavietn aR&AREIgIGsd Rodd @l M 1, the
patterned el ectrode | ayer being an underlay electrode |ayer |ocated

bet ween the piezoelectric |layer and the substrate |ayer, the
2. A device according to claim 1, the patterned electrode layer being a top electrode

layer located on the side of the piezoelectric layer away from the substrate layer.

3. A device according to claim 2, the device further including an underlay electrode

layer located between the piezoelectric layer and the substrate layer.

4. A 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 comprising a top electrode layer located on the side of the

piezoelectric layer away from the substrate layer.

5. A device according to claim 3 or 4, the device further including a buffer layer

located between the underlay electrode layer and the substrate layer.

6. A method of operating a surface acoustic wave device, the device comprising an
electrode layer patterned as two electrodes with an interdigital arrangement, a
piezoelectric layer and an elastic substrate layer, the method comprising:
connecting both electrodes to the same end of an electrical source and the other

end of the electrical source being connected to the underlay electrode to operate
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met hod conprising: connecting both electrodes to the same end of an

el ectrical source and the other end of the electrical source being
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met hod according to claim®6, the patterned el ectrode | ayer being a top
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patterned el ectrode | ayer being an underlay electrode |ayer |ocated
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further codpA siethgdaciddingtechin®gehe ngédJél@du%ﬁe Odyef Béng hilBndlal he
pi ezoel ectrlc | ayer away fromthe substrate |ayer. "10. A nethod accordi ng
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piezoelectric layer away from the substrate layer.

10. A method according to claim 8 or 9, the device further including a buffer layer

located between the underlay electrode layer and the substrate layer.





