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(57) Abstract: A surface acoustic wave device which can generate surface acoustic waves in at least two directions. The device
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[ Continued on next page] (57) Abstract: A surface acoustic wave de§iFNOV 2004
whi ch can generate surface acoustic waves in at |east two directions. The
devi ce gﬁz a piezoelectric layer, an elastic substrate and an

el ectrode Iayer i ch includes two arrays 23 and 24 of PSHIGHOMWBECt rodes
with gap regions 25 | ocated between the electrodes. Alternatively, the

el ectrode | ayer nmay be patterned as an array of concentric annular strips
for the generation of annular surface agoustic waves. 3 0 NOV 2004 WO
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ACOUSTI C WAVE th\nlasEowm@@elde@egsef 1ht@-¢tm@mmb |$ArW§I @ﬁve:s based onf ace

acousti ¢ wavge bedbMlic MeVimes, and nore particularly to the el ectrode
structure design of a two-dinmensional SAWdevi ce based on piezoelectric
thin films. SAWdevices and rel ated subject matter are described in the

fol | owi ng publvesdibddRad releﬁ)?& ﬁl'B ecHgatgér R UedBBed ﬁ@ﬁ@fﬁﬁo@ﬁgﬁuﬂ?ﬁu&él Pat ent
US 4 456 84; . tPgsggtss ?680 Patent US 4
aten

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;

Draunsfield 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 Surface Waves”, IEEE Transactions on Sonics and
Ultrasonics, Vol. 8U-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 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.



Patent US 4 531 107; Dransfield et al., "Excitation, Detection and g NOV 2004
Attenuati on of Hi gh-Frequency Elastic Surface Waves", Physi cal Acoustl Cs,

Principl es @,9(3 HaL hods, W P. Mason and R N Thurston_ed.. Vol, VII ., pp.
219-272, Academ CcPress, 1970; Day et al., "Annular Pi ePORYRUMBE Surface
Waves", | EEE Transactions on Sonics and U trasonics, Vol. SU- 19, No. 4,

pp. 461-466, Cct 1972; and Shih et al., "Theoretical Investigation of the
SAW properties of Ferroelectric Film Qonposite Structures", |EEE
Transactions on U trasonics, Ferroelectrics, and Frequency Control, Vol.
45, No. 2, pp 305-316, March 1998. A SAWdevice is constructed so that
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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.



In a SAWdelay line, the delay tine is determ ned by the velocity oflmtﬁple
surface acoustic wave and the distance travelled by the surface 3db i ¢004
wave on a '%;/Qﬁ%lectric surface. In a SAWfilter, the fre uencg(H
characteristics of the filter are deternined mainly by P¢HERBWAY vel ocity
of the SAWand the el ectrode patterns of the input and out put

transducers. Cenerally, the electrode pattern of a transducer includes a
plurality of parallel electrode stripg. The orientation of the strips
determ nes the direction of a wave front. In a single-phase transducer,
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is carried out. More particularly, tw conb-shaped electrodes each having
a plural it ysusfceacaestic 3¥eS i ngers (strips) are opposed and interlocked and
mai nt ai ned at opposite phases. Two el ectrode strips and two gap regions

between the strips define a regiaqn for, pne vel ength. Typj. . t he
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3 PCT/ SGO1//00086 Conventi gQnal transducersteg%ner e..surface acoustic waves

one- di mensi eAngpgtiye andpan-Gogductivg gap fegiont i ah AR AVY 8Rl0RS ¢  avel s general Iy
in only one direction. An object of the invention is to develop a new
type of SAW device that can generate, tw-di nensi onal f stic
waves. AccoftR Rectiode PRkern fuash cemmprise fifsh and; S§°°5ﬁgo%ffaé{%8f§‘sﬁ enggl@ro gyl ayer

for a two- dpfRs kBPAbS 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, conprising an electrode pattern of 3 g NOV 2004
alternating conductive and non-conductive gap regions in at |east two

di rections. ectrode pattern nay conprise first and second arrays of
subst ant i al W&Qﬁfﬁkelar parallel strips of conductive matBFTRFVBe strips
of the first array oriented at an angle wth respect to the strips of the
second array. The angle of orientation may be 90 degrees. The el ectrode
pattern may conprise an array of concgntric annular conductive strips. The
wi dth of the conductive strips may be approximately equal to the
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devi ce i nclaudiibagubstiese fayer.er ned el ectrode | ayer. The patterned el ectrode

| ayer may be a top el ectrode | ayer |ocated on the piezoelectric |ayer.
The device may include an underlay el ectrode |ayer |ocated between the
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| ayer and e substrate layer, the device further including a top

el ectrode gfneyass togtimersionghsurfpee proustiseya¥es-ri c | ayer. 3 0 NOV 2004 WD

01/ 93421 4 PCT/ SQ®01/00086 The device may further include a buffer |ayer
bet ween the underlay electrode |ayer and the substrate |layer. A surface

acousti c whora Hester sedebuansingoef the pressnd évertion, specHicrpmborinegiFoerdiesl on a
non- pi ezogl ﬁxgtiHeﬁti&JQ/gﬁ okChd AsschBRN b SRl WP amPREwiB tefeRndeStodthe
si ngl e- phase device and can generat e two-di nensi onal surface acoustic
waves. For agcompanying draviags tim

enbodi nents accordi ng

ichy of the present invention, specific

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 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;



to the invention will now be described, by way of exanple, with reference
to the acconpanying drawings, in which: Fig. 1 is a top view ofjd NAYwW004
i nterdi gi t%otorlgﬂzlducer configuration; Fig. 2Ais a top_view of a known

si ngl e- phas& Vai&ducer configuration with conductive BFHSGAY8HNduct i ve

strips of width ?2./2; Fig. 2B is a side schematic viewto illustrate a
typical electric field pattern for a ZnO Si singl e-phase transducer; Fig.
2Cis a side schematic viewto illustiate a typical electric field pattern

for a single-phase LiNbO3 transducer; Fig. 3Ais a side schematic view

of a substr that .} ] f - @ L @ | & @irst
fabricati orl;?é' E’ﬁgg%séa%g&lg}néﬁggﬁgcﬁg%n_i c{;’i’\kfléglvn\;eci %@%’;ﬁ%lfl ?e%wrgggﬂst rate that is
suit abl e f embodimentdif teordinmmaiond AW deviese fabrication; Fig. 3Cis a side
schematic view of another substrate that is suitable for two- di nensional
SAW devi ce fabrication; 3 0 NOV 2004 WD 01/93421 5 PCT/ SR01/00086 Fig. 4A
is a side §iheRds i sideischenatiowiemgshawings twpical sleskic field patieg) #9r 346988 n for a
first enbodimm nt%&'a%—ﬁﬂﬁé@ﬂﬁ%l%%%dwdew ce, Fig. 4Bis a side
schematic view showmng a typical electric field pattern for a second
enbodi nent of a two-di nensional SAWdevice; Fig. 5is a top view of a

patterned elegt - 1006 He /a5 £ B @vo-SiMhsioNi GAW daiek; Fi . 6 i's
a top vi ew%lt%ﬁ?gg{lggﬁrﬁj a?f%%ﬁeggge%%%oge | ayer for a two-dinensional
SAW devi ce.and

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, 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.



As shown in Fig. 1, a conventional interdigital transducer consi stgsﬂom\y%u,*
electrodes 1 and 2, each conprising an armhaving a plurality of

conductive %0le§§§ 3 and 4. The fingers are electrode strips extending
fromthe ar d*are alternately spaced with respect PET/SfH&0UEG her

al ong 'a non-conductive surface, with non-conductive gap regions 5 between
the fingers. As indicated in Fig. 1, the wwdth of each of the conductive
fingers and the non-conductive gaps therebetween is equal to 7J4 where X

is the SAWwavel ength. The upper limt of the operating frequency of a SAW

device is gy t o LI ' o
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conduct i ve uhderlpgredsctrdde layérekicl Si@p Buffemlaykel Qsiticomiaykr Hdbard Ahdigerdadee gap

regi ons 8 t t | |_ndi ' t he
i ngers.  adSibrT. TS okl frosiRe slopfhy Bl shbEusACLIG RLYRRD, L Te
wavel engt h.laydr 0 iNGpicaly XbeeWd tO1 g SARaller QT theSoaxingyBeenshe elgetradeew of a
single-pha§% one-di nensi onal transducer in a |layered configuration is

shown in Fi g_geré . The transducer includes a top el ectrode |ayer patterned
as shown in Fig.2A including fingers 7. Below this, the transducer

i ncl udes ZnO layer, 9, Al . underlay d 10, Sk £ | ayer
11, silicon®I &fe Sty A aﬂﬁgli\ﬁ{?%?e8@%@6-?8&%%%?3#%%%##% e ecr%'ﬁsiftel d l'ines
are gener alcbyfigueatmh|isIshavmeFigh@Ct i thisneass the spahing gtyveeh 4 flegrgds
typically threeat. n_ti I ¢i AlonebIEE Biebie
el ectrode “FFH gl}és)m})gh ﬁntr’\augg%?l? {aggtc!'ﬁ{aal %?%g?%’%%gg ’oﬁrclleglggrrensi gnal
t ransducer fiehisacairngd depiateds fmFig. 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.



configuration is showmn -in Fig. 2C. In this case, the spacing betvy%anVe
electrode fingers 7 is nuch smaller than the crystal thickness. 2004
Ther ef or e, %iogl '4919 of the electric fields occurs as deai cted. In Fig. '
2C, the single-phase patterned el ectrode |ayer with coRdIREMIWSE | ngers 7
IS positioned on a LiNbQO3 substrate 14, and a back el ectrode 15 is
deposited at the back side of the LiNoG3 substrate. The inherent "
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back el ectrode | ayer 21 (A, Au, etc.). In Fig. 3B, the.buffer |ayer 19
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Fi g. 3A wayattee@? ismaihtained 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



the top electrode |layer 16 patterned with a two-di nensional el ectrode
pattern 22. For exanple, the patterned el ectrode |ayer 22 may be
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patterned 0§)li' inether Fig. 5 or Fig. 6. Underlay el ectrode
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pattern 22 is maintained at the sane phase. For the second enbodi nent,
shown in Fig. 4B, the substrate of Fig, 3A was used, wth the underlay
el ectrode | ayer 18 patterned with a two-di nensional. -el ectrode pattern
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in electrical connection with each other by means of a radial strip 28.

>y

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.



wavel engt h. The design of the patterned el ectrode |ayer of Fig. 5 TW?UU‘&
generalised, with two or nore electrode arrays positioned at diff?e

angl es and WO @/gple | i near el ectrodes having a different width, to
generate ul PPasonic waves in different directions and wWPEHSG04BE ent
wavel engt hs. The patterned el ectrode |ayer showmn in Fig. 6 conprises an
array of concentric annular electrode strips 26 separated by gap regions
27. The el ectrode | ayer pattern defi ne§ radi al ul trasonic waves of

wavel ength X3. The annul ar el ectrode strips 26 are in electrical
connection with each other by nmeans of a radial strip 28. In general, a

t wo- di nensi onal si ngl e-phase SAW device nmay be fabricated using any of
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01/93421 9 eotg;gﬂ udegaé)egh‘é?% as?’ic&)substrate | ayer 20 nay be a
crystalline material, such as sapphire, SrTi G3,

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.



etc. or a non-crystalline, acoustically isotropic material, such as fused
silica, glass, etc. or a conductive material such as Si, Ge, GaA},[ NOVn2004
AIN, GaN, etc. or a sem conductor material such as zZnQO, PZT, bQ3,
i TaO3, etc. In the case where a two- gf()[TenSi onal SAW device is fabricated

h

usi ng tt@gﬂagtrate of Fig. 3C the e substrate |layer will be either a
conducti sem conductor material, and the top electrode |layer will be
patterned. These two-di nensi onal SAW devi ces can use the substrate nore
ef fici entl;ll and are nore versatile than conventional SAWdevices, and can
be used i nlsawweidiyensioneksurfaceausticowsveadetickicbprisingBy usi ng

sem conduct ors as A?l% gegbci%r tel, it is also possible to integrate SAW
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1. A two-dinensi ong elasticfsab@radCRY&t hed Wave device conprising: A
pi ezoel ectric layer An elastic substrate |ayer; and A patterned el ectrode
| ayer, for alternat Paipreeskriesitode dayan dorabiernating aeduetive amigianrsonidoctae | east

t di ti L commtt SLNG Fid d d f bstanti al |
rear. par ai 1epo B bl et ARG ERe: o1 2] * The scrips of the

| i near paralle

first array oriented at an fasghe sen‘onaQndﬁmmsst&ﬁdahyﬂﬁéﬁ%alk?sthp§ strips
of the second array; and an array of a concentric annul ar conductive

strips wherein the wi & Hegrondygtivesraterialithe stsips phibe Siestarrap prientsd atat el y
equal to the separatiQq  Ref\¥¢90 b ' to-di.nensi onal surface
acoustic wave device accgrgll ng to %sls&rgdi?&%%m @Stsﬁ%rstr%g FERY ode |1 ayer
being a top el ectrode laapprandocat ed on the piezoelectric |ayer.
an array of a concentric annular conductive strips wherein
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.



3. A two-di nensional surface acoustic wave device according to clq%mlﬁgv 2004
i ncludi ng an underlay el ectrode | ayer |ocated between the piezoel e
| ayer and the substrate layer. 4. A two-di nmensional surface acoustic wave
device according to claim1, the pa&tﬁrned el ectrode | ayer being an

n the piezoelectric |ayer and the

under | ay eleciﬁode | ayer | ocated betwe ) el ect

substrate Pay ‘?p‘[‘tFFén%ie‘?}?cér@dF Yehaicording ieelam beomprising fitst anslrecondy er

| ocat ed on t hg i ' D - ] ' | .surface acoustic

wave device ac C@tsgfﬁgkﬁﬁlﬁsglé&ﬁéﬁéynﬁ 1gap°Sf %E@Hglr)&?ér@eu‘g?eﬁ’gtﬁ%e]ﬁ%f?d@? | ayer

bet ween the underlay el ectrode |ayer and the substrate layer. 3 0 NOV

2004 11 6., T terned el.ectrode | ayer according to _claim21 conprising

first and Z.eciﬁ%ﬁ%ﬁepéesglse?%:]trop? f?@ﬁrr a@?ﬁdﬂaétoé’raé@t @ atrips of the At areayi on _

| ocat ed bet me@ﬂeﬁtétﬁat%h%gfeﬁﬂﬁ?msﬂect tbRe RADE Sfﬂﬂ‘é@eégahﬁt%h%g.de | ayer according
at a

to claim6 the strips of 'the first array "oriente angle with
respect to the strips of the second array. 8. The patterned el ectrode

| ayer accogdi i the stri of the first arr oriented at an
angl e wit hg’r e?gee %%teﬂ(‘)e%ﬁrl?e(%gfi? PB' T %f0 tgé’l%??cfi therstgps @%"I’Wét P& er ned

el ectrode | ayefieraeraradiangletwitiedpedt @ thé REpABOE s&¥hAYRP degrees. 10. The
patterned el ectrode | ayer according to claim6, wth at”|least two or nore

el ectrode arrays positioned at different angles and with the |inear
el ectrodesg hayd [ | . gener at ul trasoni c ves in
di fferent direct ?zgtr?gnegr?f(lj&ﬁr\?\nﬁ?kygq %fggl}dér%t Ov(\:/ga&lllgﬁb: HEt‘W%I.aesbemg 90 Gegrees!
10. The patterned electrode layer according to claim 6, with at least two or more
electrode arrays positioned at different angles and with the linear electrodes

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

with different wavelengths.





