Title : SURFACE ACOUSTI C WAVE DEeVI CE Abstract: A surface angFNUV 2004
wave device that can operate in alternate-phase node and singl e-pha

node, and tguﬁh gg&rate surface acoustic waves at two di fferent

frequenci es evice is based on a piezoelectric fil REHEEYIPYEd on an

el astic substrate, and includes an electrode |ayer patterned as two
interdigital electrodes and electrical source (2). The device is operated

in alternate-phase node by connectinglthe two el ectrodes to different

ends of an electrical source (22). The device is operated in 'single-phase
node by connecting the two electrodes to the sane end of an el ectri cal
source. 3 0 NOV 2004 3 0 _Nov 2004 VWO 01/93420 1 SURFACE ACOQUSTI C WAVE

DEVI CE PCT/ SG01/ 00074 ThisURIg af W £ Wef ace acoustic wave

(SAW devices, and nore partlcularly to a SAMVdeV|ce based on

pi ezoel ectric thin filns.
This invention relates to surface acoustic wave (SAW) devices, and more particularly

to a SAW device based on piezoelectric thin films.

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; 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.



SAW devi ces and rel ated subject matter are described in the follo 53131 2004
publications: Patent US 3 955 160; Patent US 4 437 031; Patent U h‘gg

847; Pat en%VOLﬁ/9?ﬁ120491811 Patent US 4 507 581; Patent US 4 531 107;
Dransfiel d &t "Excitation, Detection and Attenuati 8RT/8§01/00074

H gh- Frequency EI astic Surface Waves", Physical Acoustics, Principles and
Met hods, W P. Mason and R N  Thurston ed., Vol. VII, pp. 219-272,
Academ c Press, 1970; and Shih et al.2 "Theoretical Investigation of the
SAW properties of Ferroelectric Film Conposite Structures”, |EEE

Transactions on U trasoni, Ferroel egt.r,i cs uenc Control, Vol.
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substrate such as ZnO on silicon. The SAW device conprises a pair of
eIectroSWtr ers and SAW pr opagat i path . esta

t her ebet 35@ f“%’ lthg’es‘%Wptf’B gggqtgwegg}yhtﬁ?gclegﬁgpﬂh&%gd% a part
of the polztcshstid meezaﬁaetﬁ&rdlaarﬁ:sbﬁivreaéce bhihe hsurface 366bstie wav@n&n of or- bot h
transducers. 3 0 NOV_2004 WO 01/93420 2 PCT/ SGO1/ 00074 An acoustic wave

with a fre‘?jf?(?ﬁ’(?f/m&é“"ﬁ’tc@h as several gigahertz travels on the substrate
surface at a vel oci ty which is about 10'5 tines that of el ectronagnetic
h I r | pr r f n
mlfz ret W f er, t}e(c:;uevr\{%;'/ %hgracl%csnstqg otI tpe fi eroa\{‘\é etgt}t/nemedp 3 ebt of sound
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-ahaped
electrodes each having a plurality of electrode fingers (strips) are opposed and
interlocked and maintained at opposite phases. This is known as altemate—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



m crowave frequency of its source. SAWdevices utilizing these pr %ogr@mzmm
can be wused in delay lines, filters, pulse processors and other r
devices and circuits. In a SAWdelay line, the delay tinme is determ ned by
the velocity of the surface acoustic _wave and the distance travelled by
the surface acoustic wave on a pi ezodl ectric surface. In a SAWfilter,
the frequency characteristics of the filter are determned nainly by the
sound vel octwoymodestdngd dSAdiémachet§pe ot GAW dRviRe a8 chS befopbldal ARWEL and
output tra &duc rs. Cenerally, tﬁe el ectrode pattern ofp a transducer
i ncl udes a QE UPHTeEYeSS paral 1 el el ectrode strips. The orientation of the
strips determnes the direction of a wave front. In a single-phase
transducer,, all the el ectrode strips are naintained at a single phase,
with one el®&P o aifjritaspeqhiofdhenyensiondhere is nevidgsknsusfacaconstie veve i ps
defining a deeige,MdmpfiSihg: ARRIRIR! 1828 bitterded a@ﬂ¥d Q%&lro%sg\!vlft@&n %Fg:?cﬂglga cer,
el ectrode strips are forned at an interval o wave englt , an
t wo- phase coiRgEent 2 pigzaelesdicdayer; abelestisasubstoatd bayery mepnwo far gmbvidihgped
el ectrodes ¢1& i ' ingers. (,Stri are
opposed and ?%tg le%glgdggg%gy H{nglkdrﬁogfsgfgdﬁés &%%)gg(gf)f &" %Eegt%gél.so‘fﬁgigi s known
as al t er nat®eiisadhe devieke in Tingleephast rmelle; sind i peananfir t movidimp elegii@ids bet ween
the strips j i r : th. Typically, the el ectrode
Stri ps. and Thecao o GEleRBriiio o MARER SE Seorth G Kaweri B wner e x
repr esent s deiige Wealtemetggphhseafiode. SAW General |y, conventional transducers
can be operated in only one node, either single- phase node or
al t er nat e- phase node. An object of the invention is to conbine these 3 0
NOV 2004 3 Aasordingdes seavood akpee b the tnvemivnt there i9pro 34N dawihe@ot dpetaifi@n be
oper at ed at, JV0.. a%Iiofsf.er ent fr.eq@e'wr:i.es. According to a first aspect of the
i nvention, ANers °QUSHF SO udaics. Of devcecomprsog ap © e laysypatierned gsrpr i si ng:
an el ect r odeo leleyeodep atitheannmebrdigital WRaReReit  $RSodMdL Rfer! MH L EIAlL al
arrangerrentsilb% gilezoel ectLidc | ayer; an elastic substrate |ayer; neans for
pr ovi di ng strate 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.



el ectrical connection of both electrodes to the same end of an el ectri|\fe\1)
source to operate the device in single-phase node; and neans for 3 0 NOV 2004
provi di ng eg, ct[i cal connection of each electrode to a different end of
an el ectrica®%Hfte to operate the device in alternat BCHHEEE00THde.
According to a second aspect of the invention, there is provided a nethod
of operating a surface acoustic wave device, the device conprising an

el ectrode | ayer patterned as two elgctrodes with an interdigital
arrangenent, a piezoelectric layer and an elastic substrate layer, the
met hod conpri sing: connecting both el ectrodes to the same end of an

el ect ri cai sufige eeoustis W devise bated 98 \# Riezoplactse thip Blnp Aepositade noand

connect| nﬁieﬁ'&%tric%ﬁ&%’i A8 Bedn el TRO He R caRl bel SR rdtdcCindidefrfe. SOUT CE 1O
operate the device in alternate- phase node. Tahe patterned el ectrode | ayer
may be a PkAse lode pr singleiphgsermadscandaiusoihe dpecassancaensrate isurfacpjagoustit ectri c

| ayer anaylOm te EHBRh Heulilis! ThdNEilEVhaC pERY e NPT il ude an
under| ay erectro e layer |ocate etween the piezoelectric |ayer and the
subst r at ephase{glternaterphasp 8AMdevéas el ect rode | ayer may be an underl ay

el ectrode | ayer | ocated between the piezoelectric |ayer and the substrate
| ayer, and the device further conprising a to el ectrode_ | ayer | ocated on
the side Bralsgersindersianding of the preyent inygriions snseific pabediments ¥ilknow bg/er . The
device na 4r tih | J}C : I ol g},ﬁ\g ; derl ay

el ectrodexeﬁ{:%%g’r E%rﬁdpg t ﬁgggﬁé%%gﬁfﬁf%%? toSth%@Nd%lpg 04 \?%V%ﬁj?’gggzo 4

PCT/ SG01/®BlF4 A suf ace acoustic wave device based on a piezoelectric thin
filmdeposited on a non- piezoelectric substrate' has been designed. The
device can be operated i'n alternate- phase node or single-phase node, and
t hus t he Hevl ise temvicyofia knewn intprdigical trapsdesr configheptiens at two different
frequenci es. The device has been terned a "single-

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;



phase/ al t er nat e- phase SAW devi ce". For a better understandi ng of t?ma OV, 2004
present invention, specific enbodinents will now be described, by 3')' gf
exanple, w r ence to the acconpanying drawings, in which: Fig. 1is
a top view 058{3%{)\/\/11 interdigital transducer configuraPtHEHEOLENG 2A is a
top view of a known singl e-phase transducer configuration with conductive
and non-conductive strips of width V2; Fig. 2Bis a side schematic viewto
illustrate a typical electric field pgttern for a ZnQO Si singl e-phase
transducer; Fig. 2Cis a side schematic viewto illustrate a typical
electric field pattern for a _single-phase Li NbG3-transducer; Fig. 3Ais a
si de schemhi§ ¢AVS d¥idoschematimeey shavips atypics! eemtricfigld patsim &y thy)single-

phase/ al t epRat eroRb SLrir MAKRKh &R 0{’@-Qﬁ%l@%ﬁés@@l;tergdt_g-pha%gS!AW Bevidele schematic
vi ew of another substrate that is suitable for single-

phase/ al t er nat e- phase SAW device fabrication; Fig. 3Cis a side schematic

vi ew of aneihgp iSHO&d {cilBaricNalw sifowikd 4 BBlca! Jlé%fﬁcsﬁéiwl\%%fem for the single-
phase/ al t er nat e- phase SAW devi ce fabrication; 3 0 2004 WO 51/ 93420 5

PCT/ SGD1/ 0phese mpopeyof asgcong embopiment efpesingle-phags/digmetroniase SAM deyiceal el ectric
field pattern for the single- phase node of a first enbodi ment of a

si ngl e- phase/ al t er nat e- phase SAW device; Fig. ‘4B is a side schematic view
showi ng a FigoPdals wFide sehematic ofigv showige @ aical; flectds Aiglderatisrm&s thdde of a

second embgebiRNphasd mBdS bk FrR RapeditlchesMAdifP PRI FaIRIMAIeNAE SAW 9. 5A i's
a side schematic view showing a typical electric field pattern for the

al t er nat e-é‘ﬁ’a@é node of the first enbodi nent of a

si ngl e- phase/ al t érnat e- phase SAW device; Fig. SBis a side schematic view

showing a typical electric field pattern for the |
Fig. 5B is a side schematic view showing a typical electric field pattern 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.



al t er nat e- phase node of the second enbodi nent of a single-phase/altdrhdN0y 2004
phase SAWdevice; Fig. 6Ais a plan view of the patterned el ectrode | ayer

of an enbodj| saaehowing the electrical connections for the enbodi ment

when operating in alternate-phase node; and ' Fig. 6B FSTECHO%H vi ew of

the patterned el ectrode | ayer of an enbodi nent, showi ng the electrical
connections for the enbodi nent when operating in single-phase node. As

shown in Fig. 1, a conventional intergigital transducer consists of two

el ectrodes 1 and 2, each conprising an armhaving a plurality of fingers

3 and 4. The fingers are electrode strips extending fromthe arm and are

al t er nat eI‘AyS@%‘&@g%feWPW“F@s‘ﬁ@@gu@@fbﬁ@ShO&’ﬁdtl Kég- 24 gawples theapesdinguct i ve

surface 5,fe4lidndy B&Qrbfe%fdh'gfvbﬂﬁh&é‘lﬂhégﬁ%h% ARBYeRFig. tzmeaﬁth%a%e
indicated in Fi 1 each ? he conducttive fingers and the

non- condué{amﬁécegawuc{eﬁ@r emducingrarmsS davieg a tbusliny ofjrepductive fisggrné SAW

wavel engt Q’ctenc-ﬁ 2 frBRRBE adh,With Rdn-EHBuARE 28) l‘e@ﬁmg REARHPARMOfingdrsSAYY devi ce i's
deterrined by the capabi ‘l'ity of the photol I't hographi c techni ques being
used to ddidigaeed; the spacnsdirtivesn. thafingexows peibas hov0dth 98 426 POy 1/ 00074 A
si ngl e- ph far uration, as shown in Fig. 2A, doubles the
oper at i ngmrreequgg%%qgoss?%{%gf or a given photolithographic capability. In
Fig. 2A, a single-phase transducer includes a conducting arm6 having a
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non- conductlve |n er
spaci ng b@BV\Ebmtremh@ctn inglades 2 top alﬂtrbdabyttrmeﬂmeﬁahz Sbbwaam RigfzAngith is ?J2,
vher e, 7 L abE7 SR LAl 8 YAl Sl SR s sducer
a top el edt),rSJGebufﬁ:yhyephlt,tséxcmébhya!slkmm eientrfdegam 1w The elfcirivgfiaid 7. Bel ow
this, they; | ayer
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10, Si02 Icon layer ayer 13. The
el ectric fendimgs 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,



lines are generally parallel since the thickness of the ZnO | ayer ?Ui NOV 2004
typically three to ten tines snmaller than the spacing between the

el ectrode f| 7. In contrast, a single-phase transducer in a single
crystal QOH?@%%@%?}OH is shown in Fig. 2C. In this casBSTAH Wi ng

bet ween the el ectrode fingers 7 is nmuch smaller than the crystal

t hi ckness. Therefore, fringing of the electric fields occurs as depi cted.
In Fig. 2C, the single-phase patterned el ectrode | ayer with conductive
fingers 7 is positioned on a Li NoG3 substrate 14, and a back el ectrode 15

is depositegd at .the.back side of the, Li NbO3 substrate. The inherent
di f f erence ’?‘h etcr’?ef‘]’%‘%?%’ B’ﬁtbP'gFﬁlabeéggé‘e?lf?setnﬁéﬁ!‘léﬂ}B &%ch&?h&wnéﬁtr%ct ure and
the singl e etgoysdedhyes i tied BUffer HKED ddsbs&itngl e- phase transducer in the

| ayered configuration nuch nore efficient than its counterpart in the
single crystal configuration. Figs. 3A, 3B and 3C show side schematic

views of sulstérat eRstidWbstAtelager d@hsany QlibstrRe HATHHTHRB 2 3inedr relationship

si ngl e- pha%e/ al t er nat e-thas.e Wdeg Ce%gpri cation, In Fig. 3A the
substrat e i HTUBSSHERRANESB21B) LR Befepstt PRUEYIONMy  etc.), the

pi ezoel ectric thin film layer 17 (ZnO PZT, LiNoG3, LiTaC3, etc.), the
underl ay electrode l.ayer, 18 L etfc.), .t buffer |ayer, 19 (Si 02,

S 3, o e e eehefe s escriptd ty Bh At 1t Bhesrebssl oufgion ot | S

GaAs, |nP, thelS&W mogetiss of Feficlectid Eilth CoffhodiReSthidfikest)| BEE Titi@adtdder 21 (Al

3 0 NOvV 2004 01/93420 7 PCT/ SE)1/ 00074, Au, o A n Fi 3R, the
buffer | ay&P ql\gaﬁ°§‘°§i I Iagﬂf"ﬁluﬁcé'. oggol, S}Bih‘gst I%\LQ 3n£?95356’ el ectrode
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stress and "% F&qtq-mephapical goupling effigiency, of 4, Aevice, Lhps, e transduger pale | oy

el ectrode vpaateeiaqhirhaephaseotods. 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, Figs. 8038334, and B @k sid33Bhentakic lriees shdwing smbodihents ofl eingley

el ectrode g5 gu{d-0al g ShGFLLSGS to enhance

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.



the el ectro-nechani cal coupling efficiency of a device. Thus, th§

transducer only operates in alternate-phase node. Figs. 4A, 4B, SUANQIYdZ%

are side sc i,c Views showi ng enbodi ments of single-

phase/alterﬁgﬂﬁé%'ase SAW devi ces. For the first enbodi REHICHtn in

Figs. 4A and SA, the substrate of Fig. 3A has been wused, and the top

el ectrode layer 16 patterned with the interdigital electrode pattern

shown in Fig. 1, including conductive ®ingers 3 and 4. Underlay el ectrode

| ayer 18 is wunpatterned. Fig. 4A shows the electric field pattern for the

first enbodi nent operating in single-phase node, 'i.e. all the conductive

fingers 3 and 4 are maintained at the same phase. Fig. 5A shows the

el ectric fiBRd0dHta plpm viewr ofithe patterned elegisesigilasien (whidlpmeax be migher fayer 16

al ter nat e- pRags JFARE embo meﬁtlsts‘%wﬁlh'tﬁg eﬁ&ﬂgﬂ%hﬁﬁggﬁ NEETaR embditheft a1 €

mai nt ai ned at Opposite phases. For "the -second enbodi ment, shown iIn Figs.

4B and 5B, ¢nsetigg bsaliemate-phasgmyde. e fhue compleghiaped eldctragdasiare isenngetad td ay

el ectrode |@yeko &i@feﬂfﬁt: S0 Wdchtich®ulcB L8 et @le &loﬁﬁfcrm@ﬂenﬁﬁtﬁ ern

shown in Fig. 1, 1ncluding conductive fingers § and 4. Top el ectrode | ayer

16 is unpakd @dnde opfiating ABqudronds fite/lel whesre ivcisfthe velopigit pEthe fugfacet he

second enbo F]g’%m”avgperati ng i n single-phase node, while Fig. 5B shows the

electric fie pattern for the second enbodi nment operating in

al ternate-phase node. 3 0 NOV 2004 WO 01/93420 8 PCT/ SGO1/ 00074 Fig. 6Ais

a plan vi ew.:pof tL. e J: i . | ayer 16

or 18) of ﬁ%g 6eBtrritg)§ |%’e$nl§ ér%g%%)evé aﬁ‘gﬁ‘% ﬁglgcet*oglé?a& F‘gwlcon{r{gg ?glﬁglaP%?Gan

enmbodi ment orol§oé thengmbodimente shewieg [tleaelectrieadl gonrEhtionsfor enembedimpatd

el ectrodes : ' t j.cal
%:gu{sf%fragg%‘iee?ghaké’mohé‘.%kw deﬁbf.ﬁﬁ?ég elegcgl{iger?g&e Erddh fHe

source 22. cousti c wavel engt t he operating
frequency issme gnd/gfancelettical soupce 22. Theothed aadiof thefectiirel sayrde@éanaydeoust i c
wave. Fig. lcg)liheérc&cllgo Bleiha¥if/100wolid 83, A8 LGRBfRhs Gh Rfel fr90Eml RSt (g1 Ch Ry

be either
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.



or 18) of the enbodi nents showi ng the electrical connections for a3 § NOV 2004
enbodi nent operating in single-phase node. The two conb-shaped el ectrodes
are connectgd to the same end of an electrical source 22. The other end

of the el echti¢alsource 22 may be connected to the unBEFCW4ct r ode

18, for exanple as in the first enbodinment (Fig. 4A), or the top

el ectrode 16, for exanple as in the segond enbodi nent (Fig. 4B). For

si ngl e- phase node conpared with alternate-phase node, the surface acoustic
wavel ength is halved, %ao/2 and the frequency is doubled, ft--2f, A

si ngl e- phasedcal dietbdd Ryphmag cohpMsdenihirematal filng suctbrs ABtAd AgiThgpramy of the

bstr at illustrated i 1 9S.. 3A ' t he. I
6 rs. pat t cHHEHFOYS it e el S0 ST M o BfichRleft Bihiel®, e

exanpl e, i naghgpesingsws illustrated in Fig. 1. The piezoelectric |ayer 17
may be a polyerystalline or single crystal material. The piezoelectric

| ayer 17 may be fornmed of, for exanple, ZnO PZT, LiNb(Q3, LiTa03, etc.
The buffer Twyaistid Subistap 18lieeLe atay be a tchyistalline maperialy stchaes sgipbizs, SETiEhU,

dianond film etc. This.|layer i eneral |y i e.i.he
crystal | i ni ¢ %f n?‘é‘ﬁ‘fyﬁ'?agmﬁf a\{“f’ﬁsé‘“*lsﬂygf%‘é%‘é Inéc?dralﬂgh gaﬁg‘?s%@fl%lé%gﬁ%éf%b be used
t 0 i ncreaseof hecosfirdde Qhatérd Holas RGnihitht, 20MstewiDe 1 /o9 34 sanicpnductor

PCT/ S&01/ 00074 .Each el egctr | aye c rise a thin nmetal film such
as Al, Au, %gengisyc%sg,é%gﬁ%tﬁym,%%de film such as Al zZnO, 1 TO
ATO, or a sem conductor film such as p-type silicon. The elastic

v € ot BV BE 8 whete € siplesinhieaernn R EnilR [SA eviod WCHaued B ule

SrTMOB8, et sticall'y 1'sotropirc natérial, such
as fused si&ibsteate PFaATig. 3€), Cthen alie aubstrate Ulaydrvwillvdbe eeithat as ceriduetiye apruni ni um

tungsten, etc. or a senm canductor | 18 sakterné® To te | NP,
AN, Gan, efee‘.lcqnﬂuctt?femﬁtﬁg%’ W'fgkﬁ"% top eg% %rgﬁée-ﬁ%ﬁz}s&g‘?%ll te‘? nat e- phase SAW devi ce
i s fabricat g devicegn $ihgle-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.



substrate of Fig. 3C, then the substrate layer will be either a co dHﬁﬁdvui
or sem conductor material, and the t%P el ectrode layer 16 w | 004
patterned. To operate this device |ﬂ-5|ngle phase node, the top electrode
16 is connected to one end of the electrical source 22 and the back
electroq?; %ﬂ ¢S connected to the other end of the electrical source 22.

The substrate 20 serves as the floating el ectrode to enhance, the

el ectro-nechani cal coupling efficiency of the device. These

si ngl e- phase/ al t er nat e- phase SAW devi ces can use the substrate nore
eff|C|entI} dhelrkace ageislc wave device: comprisisgnvent i onal SAW devi ces. They can

be used in SAW ngt r ers Usin '
sem conduct ors arggl%3 ﬂé)de l%%? P %tftieg‘ﬁ tg’f’?"% gdg ‘6’3@3" Hftgr%%/%tafﬂir%?%@’ SAW
devi ces and el egpiezodéctds lagen;t s on the same Chlp 3 0 NOV 2004 10 CLAI Ms:

1. A surface acou t| c ve device, conprising: an electrode |ayer
patterned as t Wit SPSHCSUBSIERtENAYE: an i nt er di gital arrangenent; a

pi ezoel ectric |ﬁa¥§‘r{&fo@ﬁro@icﬁ’1%]élgﬁtﬁ&g?%ﬁ [Gor 3fytﬁfth elRERSHRs g&{hegﬁxg%'eg

el ectrical connection of ectro es to the sanme en ectrl cal
source to opef anelecticaldwuicedo bpersiertig ®vpdeaaemlgtad1d1asamrbdmﬂs for providing
el ectrical connecti

of each el ectrode to a. di end  _of an
el ectri cal sour@gaqsggﬁgré’y'a@ég ?lﬁféﬂﬁatelsP@ECP?P off g4g Fl 4%‘8@%@ end A
devi ce accor @&f af elebtrichPdolitck to bp&taedhd &vivedn &lt&ahie sé RAY¥Es. being a top
el ectrode layer located on the side of the piezoelectric |ayer away from

the substrate | ayer. 3. A devi ce accordl ng to clai m 2, the device further

i ncl udi ng an the i ezoel ectric
| ayer and héay gét}gés ﬁ% yec?a"%41 kfy p&Lt é %8%%‘? B‘g@itﬁ egtro °ne
patterned el égyer hﬁ&teﬂ@)ﬁ&lﬁe fiad Gghapledﬁd&fth@wyeﬂv%lﬁ&ﬁ%é ApSatt Qgaf ed

bet ween t he p| ezoelectric layer and the substrate |ayer, the dévice

further conprising a top electrode |ayer |ocated on the side of the

pi ezoel ect§i & JANES acR¥fitng tb QAR tRURSE Hifher Mcfiding 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



5. A device according to claim3 or 4, the device further includi ng g NOV 2004
buffer layer |ocated between the ungﬁrl ay el ectrode |ayer and the

substrate layer. 6. A nmethod of operating a surface acoustic wave devi ce,
the device conprising an electrode |ayer patterned as two el ectrodes with

an interdigi : 8 L. (NS yer. and an el astic
substrate | a&lzér(,laﬁlegﬂgn@?%%%%fglé’gaﬁlﬁggg&g%%g% ie(r?]eﬁtng?Waeﬁh Sfefli)ﬁ'é% to the
same end of afthel detri¢at abursor operasthe dogicoinhafernatnphaRé nidde. el ectri cal
source being connected to the underlay electrode to operate 3 0 NOV 2004
11 the device in single-phase node; and connecting each electrode to a
different n i S . i.ce i

al t er nat e- %h g\sIe][l@gll())'(gjitea @c@hﬁ%&%@ﬁgg ’ tgg @ g‘?eéf‘ %hg&?@focf;z%?&lﬂg %é&pp%%%{lgordﬁed

el ectrode | ayasier lneated on theogidedfthe pidecledtdy buyed awptfesn die dubsirsé Bgenf t he
pi ezoel ectric | ayer away fromthe substrate layer. 8. A nethod according
to claim7, the device further including an underlay el ectrode |ayer

| ocat ed beg weetethdd abiRdiAg e 6lairh 9, ﬂh@H@ﬁc@fb‘i‘thEPﬁcﬁlﬁglgt#\%ﬁeﬂlﬁyﬁéctro%e A

met hod according to claim6, the patterned electro ayer being an
underl ay el dayef lngatef hpveen theapienpelsetrisdayer ahd theisebsmkeelayeri c | ayer and t he
substrate layer, the device further conprising a top el ectrode |ayer

| ocated on the side of the piezoelectric |ayer away fromthe substrate

| ayer. 10.9.AAmkithod ascueding itdelaind 6 Cthd pateindd el&trodb ayeP¥éifg afh HAdRRY

i ncluding a bijffer | ayer | ocated between the underlay electrode’|ayer and
t he subst r at lectgds 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.

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.





