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1. Titleof the Invention SAWdevice and its nanufacturingﬁggfﬁgh%?l}”afiﬁ
Background of the Invention Field of the Invention The present invention
relates to a SAWdevice, and nore particularly to an inter-digital
transducer el ectrode of SAWdevice. Deskription of the Prior Art Generally,
a SAWdevice fornms an inter-digital transducer el ectrode by di sposing an
el ectrode nmade of an alumnumfilmin a conb shape on the surface of a
pi ezoel ectrilc sTislter af etheahavendipwses a filter or resonator. Recently, as
the nobil e conmuni cation becones higher in frequency, the operating’
frequency of the SBYWdiewice ami s glanefwtur ind megeihcy from hundreds MHz to
several GHz, while a higher output is demanded at the sane tine. As a
result of heightening
I1. Background of the Invention
Field of the Invention
The present invention relates to a SAY device, and more

particularly to an inter-digital transducer electrode of SAY device.

Description of the Prior Art

Generally, a SAY deyice forms an inter-digital transducer
electrode by disposing an electrode made of an aluminum film in a
comb shape on the surface of a piezoelectric substrate, and composes
a filter or resonator.

- Recently, as the mobile communication becomes higher in
frequency, the operating frequency of the SAV device is heightened
in frequency from hundreds Mz £o several GHz, while a higher
output is demanded at the same time. As a result of ﬁeightening
of frequgncy. the pattern width of the inter-digital transducer
electrode is also required to be finer, and in a filter of center
frequency of 1.5 GHz band, the electrode vwire width pust be-formed
in about 0.7 zam.

Then a large electric power is applied to such SAY device
formed in a fine wire width, strain generatéd by elastic surface
waves caused stress on the electrode film, and when this stress

exceeds the limit stress of the electrode film, aluminum atoms in



of frequency, the pattern width of the inter-digital transducer electrode
Is also required to be finer, and in a filter of center frequency of 1.5
GHz band, the electrode wire width nust be-forned in about 0. 7 [err]. Then
a large electric power is applied to suéh SAWdevice forned in a fine wire
wi dth, strain generated by elastic surface waves caused stress on the
electrode film and when this stress exceeds the limt stress of thg
el ectrode fithey edectriodamateoisl imove i théagraliedouader yyaand itheretoyve in the
grain boundary, and thereby hillocks and voids are formed and the el®ectrode
i s broken, shililheks tand edislsagtefioshed andf tieheldsAVbde iiscBrakenersontahe. To
sol ve such probl ens, as disclosed in Japanese Patent

the characteristics of the SAY device deteriorate.

To solve such problems, as disclosed in Japanese Patent

Publication 61-47010, it is proposed to use an aluminum alloy film

adding copper as electrode material, which withstands a larger

electric pover application as compared with the pure aluminem film.

It is also attempted to reinforce the electrode film by adding

titanium, nickel, palladium, etc.

In the prior art, however, it did not achieve enough

electric pover durability and low insertion loss for the electric

pover necessary for use in the transmission stage of mobile

telephone. For example, the analog cellular telephone is required

to withstand application of an electric pover of 1 ¥ or more, and

to have an insertion loss as low as that of a dielectric filter most

widely‘used at the present. To withstand a larger electric pover

application, the rate of additive metals may be incre%sed, but it

simultaneously increases the specific resistance of the alloy film

and the insertion loss also increases.

II1. Summary of the Invention

It is hence a primary objeﬁt of the invention to present a
SAY device using an inter-digital transducer electrode capable of
vithstanding a large electric power application and preventing

increase of insertion loss.



Publ i cation 61-47010, it is proposed to use an alum num alloy film adding

copper

er as el ectrode material, which withstands a | arger jfet
applii cation as conpared with the pure aluminumfilm |t}i S*SISHEEIHASBERN
to reinforce the electrode filmby addi8g titanium nicKel, pBFPIEAFER et d|

In the prior art, however, it did not achieve enough el ectric power
durability and low insertion loss for the electric power necessary for use
in the transm ssionTidtage, dfn ERDiiln@ed HloaPNEHE in EY-de¥ M €radshgcanal og
cellular telephone is required to withstand application of an electric
power of | Wldctiode pronidddoohashe sirfiaReCst 1a0PisReIedbriONIBRS rhb@tigof a
dielectric filter nost widely used at the present. To withstand a |arger

el ectric powsynpoppd ekl Oérnatdelandhftidh SOt b Y6 iAGh o 110 "Bd Qefil{hl%ﬁ ed,
but it sinultaneously increases the specific resistance of the alloy film

and the insegtt ia0Bohdifctité Stk PHICASETg 4! larger EBEYiClcohb&adt"YEIY RS

aluminum film, and the number of laminates of the film made of
conductive material and the aluminum film is at least two layers or
more.

This constitution presents a SAY device capable of
suppressing generation of voids and hillocks due to move of aluminum
atoms at the time of application of a large electric pover, and

preventing increase of insertion loss.

VI.- Brief Description of the Dravings

Fig. 1 (a) is a perspective view shoving a constitution of
a SAV device fabricated according to an embodiment of the invention,
and Fig. 1 (b) is an equivalent circuit diagram of the same SA¥
device; ’

Fig. 2 is a sectional block diagram showing a first
embodiment of the invention;

Fig. 3 is a sectional block diagram of an electrode prepared
for comparison;

Fig. 4 is a sectional block diagram shoving a third

embodiment of the invention:

Fig. § is a sectional block diagram showing a fourth

embodiment of the invention; and
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It is hence a primary object of the invention to present a SAWdevice using
an inter-digital transducer el ectrode capable of withstanding a |arge
el ectric power application and preventing increase of insertion |oss. In
one aspect this invention provides a SMV device conprising a piezoelectric
substrate and at |east one interdigital transducer el ectrode provided on a
surface of said piezoelectric substrate; said inter-digital transducer
el ectrode conprisinBig @l is al segtiohal illosk ofiagrad syoving er fulthand a |
plurality of filns of a second material deposited so as to form5
alternating babodigensaifdthé limsemfionhe first material conprising aluninium
said films of the second naterial conprising a conductive material which
has an el astic constant greater than the elastic constant of the filns of
the first material and said inter-digital transducer electrode conprising
at |east twoyof peahdldd Descrabtidie ofi tiet Imedretiioal and at | east two of the
films of the second nmaterial;
Embodiments of the invention are described in detail belov.
According to the essential point of the invention, the inter-digital
transducer electrode provided on the surface of a piezoelectric
substrate is composed by alternate lamination of an aluminum film
and a film made of a conductive material having a larger elastic
constant than the aluminum film, and the number of laminates of the
film made of conductive material and the aluminum film is at least
tvo layers or more.
. The thickness of each layer of aluminum film is 150 nm or
less, and the thickness of each layer of the film made of conductive
material having a larger elastic constamt than the aluminum film is
formed thinner than the thickness of the aluminum film, and thereby
increase of viring resistance is prevented, the mechanical strength
of the electrode is increased, and it is enabled to withstand a
larger electric power.
Horeover, the outermost layer of the laminated electrode of
the invention an aluminum film, and its film thickness is 50 nm or
less, or the outermost layer of the laminated electrode is a film
made of conductive material having a larger elastic constant than

the aluminum film, and thereby the structure is resistant to

application of large electric pover by preventing generation of



10 wherein each of the filnms of the first material has a thickness of
approxi mately 150 nmor |less and said each of the filns of the second
material has a thickness | ess than the thickness of the filns of the first
material. This constitution presents a %AW devi ce capabl e of suppressing
generation of voids 15 and hill ocks due to nove of alum num atons at the
time of application of a large electric power, and preventing increase of
insertion | oskllogks &rdi gbidsegorigit pwrthef outerndsbiviiaygs- Fig. 1 (a) is a
perspective view showi ng a constitution of a SAWdevice fabricated 20
according to an enbbinng ofrfabe elavbitt wave edruedd gs dxqilipd @ abraquiwal ent
circuit diagramof the sane SAWdevice; Fig. 2 is a sectional block diagram
showi ng a ficatsedmmdi piezoedbctiic Swhsdmhi@n;an@5this straingcadesstaagplt i onal
bl ock di agram of an el ectrode prepared for conparison; Fig. 4 is a
sectional blocktrdsagtroarthehiomengligitdl rtdassduedr neleictodde, hend whemtthen; Fig. 5
Is a sectional block diagram show ng a forth enbodi nent of the invention;
and stress exceeds the limit stress of the film, aluminum atoms in the

electrode propagate through the grain boundary and move to the

surface to form hillocks. ¥hen aluminum atoms move into the surface,

voids of aluminum atoms are formed in the film. As many hillocks

and voids are formed, the electrode film is broken, and fluctuations

of frequency and increase of insertion loss occur, and finally the

SAY device is unable to withstand the use. -

Such generation of hillocks and voids due to move of

aluminum atoms is more likely to occur as the mechanical strength of

the film increases, and is less likely to occur as the particle size

for composing the aluminum film is smaller, and it has been also

known hitherto that it is suppressed vwhen atoms of copper, titanidp

or the like precipitate into the grain boundary, and it has been

attempted to add various materials. However, the amount of addition

vas limited because increase of concentration of additive materials

causes to increase the specific resistance of the film, thereby

leading to significant increase of insertion loss.

According to the experiment by the present inventors, if the
concentration of the additive materials is increased, in the case of

a single alloy filw, the grain boundary exists continuously from

the interface of the piezoelectric substrate and electrode to the



4°Fig. 6 is a sectional block diagramshowing a fifth enbodi nent of the
invention. V. Detailed Description of the Invention Enbodi ments of the
invention are described in detail below According to the essential point
of the invention, the inter-digital tra@sducer electrode provided on the
surtace of a piezoelectric substrate is conposed by alternate |amnation of
an alumnumfile and a filmmade of a conductive material having a |arger
el asti c conssanfacehah thecebdatmpdrimand |the pactiche sizebis lafgéramnntitees of the
filmnmade of conductive nmaterial and the aluninun1flln1|s_at !east t wo
| ayers or noebectriodetsirdhemssledcecathen dyers tokssl appl bedntbi tira esecdtz@dam or
|l ess, and the thickness of each layer of the filmmde of conductive
mat eri al havispver| thegydinet assress obntieanl ldhanet treda) Uit Bsinfouinl Mhas
the aluminum atoms move up to the electrode surface through the
grain boundary, thereby causing hillocks.
On the basis of such findings, the invention is to prevent
magnification of particle size of aluminuw film and to prevent
aluminum atoms from moving up to the electrode surface through
the grain boundary, by dividing the aluminum film in layers by a
material having an elastic constant larger than that of these
materials.
Still more, by laminating a waterial having a larger elastic
constant than them between aluminum films, the elastic strength of
the entire electrode film is enhanced, so that it is hardly broken
by application of a large stress. Incidentally, if the thickness of
each layer of the laminated aluminum film is thick, aluminum atoms
mwove in the lateral direction due to the stress by excitation, and
side hillocks are formed. The side hillocks lead to deterioration
of electrode, and cause short failure when contacting with the
adjacent inter-digital transducer electrode.
To prevent this, it is effective to reduce the thickness of
the aluminum films to be laminated, and the inventors discovered
through experiments th.at it is effective to define the thickness of

the aluminum film at 150 om or less, preferably 100 nm or less, in

order to vithstand electric power application of 1 ¥ or more for use



formed thinner than the thickness of the alumnumfilm and thereby
I ncrease of wiring resistance is prevented, the nechanical strength of the
electrode is increased, and it is enabled to withstand a |arger electric
power. Moreover, the outernpst |ayer of 7the | aninated el ectrode of the
invention an alumnumfilm and its filmthickness is 50 nmor less. or the
outernost |ayer of the lam nated electrode is a filmmde of conductive
mat eri al haviingteadsaigseionck tagel. c Bewpideantsinbantieneomdugti vaimatediml and
thereby the structure is resistant to application of large electric power
by preventi nhagésgeraalargerotlastibi ¢dnstkst ahdnvitiedalimimoedfida i geaeiallyost
| ayer. Then a surface elastic wave elenent is excited, a strain is caused
on a piezoel dtghéer iaubadsiay ethaanthd lail 6n Riunaf Dl auseis poeferped to form

the film as thin as possible, and at least by forming thinner than

the aluminum film, increase of wiring resistance can be prevented.

.Ex;mples

Specific examples are described below.

Exauple 1

A first embodiment of the invention is described while
referring to Fig. 1 (a), (b). Fig. 1 (a) is a perspective view
showing the constitution of a filter of ladder type of 872 Niz
fabricated in this embodiment. |

Fig. 1 (b) is its.equivalent circuit diagram. Reference
numeral 1 denotes a piezoelectric substrate, and lithium tantalate
is used in the embodiment (called LT substrate hereinafter).
Reference numeral 2 is an inter-digital transducer eléctrﬁde, and 3
is a reflector electrode. |

Fig. 2 (a) to (c) are sectional schematic views varying the
number of laminates of the laminate electrode of the invention. The
shown sectional viev illustrates only one inter-digital transducer
electrode. In the dravings, reference numerals 31 to 33, 35 to 38,
and 40 to 45 are alﬁminum filws, and 51 and 52, 53 to 55, and 56 to
60 are conducpive material films having a larger elastic constant

than the aluminum film, and the inter-digital transducer electrode 2



a stress to the inter-digital transducer el ectrode, and when the stress
exceeds the limt stress of the film alumnumatons in the el ectrode
propagat e through the grain boundary and nove to the surface to form

hi |l ocks. When al umi num atons nove i ntdthe surface, voids of alum num
atoms are forned in the film As many hillocks and voids are forned, the
electrode filmis broken, and fluctuations of frequency and increase of

i nsertion | oss cospased ahB1f tod3 gnd I5d SadV52ein dbgi s2 mabl thet batwirt-hst and t he
use. Such generation of hillocks and voids due to nove of alunmi numatons is
nore |ikely digiesl Wwraasdidee epchaoded istdoapgédd of 3Sheof3d mmd rgd ¢asks, and
Is less likely to occur as the particle size for conposing the al um num
filmis smalieFigargd (b), had tieeintésdighoain thadddacéo el batrode 2 Sssuppressed
when atons of copper, titaniumor the like precipitate into the grain

boundary, arsbopbsébsfbbErtoals ampt 5§l toosSdich vog.l Quécyrateri al s. However, the

anount of addition was |imted because increase of concentration of

additive nmaterials In this embodiment, it was formed in the followving method.
That is, the electrode filmw was formed by sputtering wethod, and the
sputtering device was a carrousel type sputtering device (SPC-530H
of Nichiden Anerva). Targets of alumipum and titanium were attached
to this sputtering device, and the LT substrate | was set in a |
substrate holder, and the degree of vacuum was adjusted to 5 amTorr,
and the films were laminated at the substrate temperature of room
temperature.

i -By way of comparison, ghe electrodes in the composition

shown in Fig.3 (a), (B) vere also fabricated and evaluated. In Fig.
3. reference numeral | is a piezoelectric _substrate, 2 is an inter-
digital transducer electrode, 46 is a film made of a single material,
47 is an aluminum film,'and 61 is a conductive naterial fila having
a larger elastic constant than aluminum. In this embodiment, as
single material film composition in Fig. 3 (a), a pure aluminus film
and an aluminum-1 wt.% titaniuwm alloy film were prepared, and as
three-layer composed electrode film in Fig. 3 (b), an aluminum/
titanium/aluminum film composition vas fabricated in the same
apparatus. The electrode film thickness of fabricated electrode

positions is shown in Table 1. Since the center frequency of the

SAY filter fluctuates depending on the mass load effect of the



causes to increase the specific resistance of the film thereby. leading to
significant increase of insertion |oss. According to the experinment by the
present inventors, if the concentration of the additive materials is
increased, in the case of a single allo§ film the grain boundary exists
continuously fromthe interface of the piezoelectric substrate and
el ectrode to the 6 surface of the electrode, and the particle size is
| arger on thelestgodeodian $hif @obodidente, thehbrequeacstfilestuatiiphs edet 0 t he
el ectrode is over the limt stress of the alloy electrode, it is found that
t he al um nunpeaeemtedoie adips ttiogt the €l brithdcmessr émddat htheugdsst ey dreai n
boundary, thereby causing hillocks. On the basis of such findings, the
i nvention iseqwivyaleotrito the mass of the electrode at the time of preparation
of electrode by aluminum film.
In theses samples of electrode films, specified patterns
were formed by photolithography and dry etching technique, and then
by.dicing. die-bonding to the substrate for package and wire bonding
connection, a filter of 372 MHz was prepared;
In the prepared samples, 4 ¥ vas applied at the center
frequency in the atmosphere of 100°C, and the dielectric strength
vas tested. The life in dielectric strength test was expressed by
normalizing the time until deterioration of insertion loss by 0.5 dB .
from the initial value, with respect to the life in the aluminum

film. The results are shown in Table 1.



magni fication of particle size of alumnumfilmand t

o prevent al um num

atons fromnoving up to the el ectrode surface through the grain boundary,

by dividing the aluminumfilmin |layers by a materi al

havi ng an el astic

constant larger than that of these nat@0ials. Still nore, by lamnating a
mat eri al havi ng—= arget astirc T tamttran rhem pet ween al um num fil s,
the elastic stirength ¢f the eptire Jel ectrjode fijl misjenhanced, so that it
is hardly broKen by appli¢ati prifof jaslardesstréss. Incidentally, if the
thi ckness of gachy aygr off the §amn@ed falimi pum fifmis thick, alum num
atons nove in{theS ateral {direc@ion die tjowd he{stres$ by excitation, and
side hillocks |ate%f or red. | Thet sEde hiFl odks* 1 ead to fleteriorati on of
el ectrode, "and tadse §h@r§ Tallare n qoig acfing Wth the adjacent
inter-digital |t Zansduge® ¢l Bcirdde.| B priedent |this,|it is effective to
reduce the thijclgn@ss of St heSa| ufi nUMT id M5 @ e | anf nated, and the
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through experinents that it is effective to define the thickness of the

alumnumfilmat 150 nmor less, preferably 100 nmor |ess,

wi t hstand el ectric power application of 1 Wor nore for use

transm ssion stage. Besides, since th&lconductive materi al
el astic constant than the alumnumfilmis generally higher

in order to
7in

havi ng a | arger

in density than

the alumnumfilm it is preferred to formthe filmas thin as possible,
and at | east by forAs kgothifeoeTabbart.t be thleucasw ot ftiree-layerease of wiring
resi stance can be prevented. .Exanples Specific exanples are descri bed

bel ow. Exanoapbsitifoinr $& Rgbodli(d@nthidloékee vefy ebseoved 8n dhecsidfadenhi | e

and side hillocks on the side of the electrode, and the life of the

SAY device was about 20 times that of the titanium added alloy film.

On the other hand, in the samples laminating tvo or more

layers each of titanium film and aluminum filwm, with the film

Ihickness of aluminum layer being 150 nm or less, as shown in Fig. 2

(a), Fig. 2 (b), and Fig. 2 (c), the life of the SA¥ device was

improved greatly, over 10°® or more. In the samples in Fig. 2 (a)

and Fig. 2 (b), however, hillocks were partly observed on the

electrode surface, but no change was noted in the sample in Fig. 2

(¢). and the life of the SAV device did not reach the end within the

duration of the test.

It was thus recognized that the laminate electrode

composition is very effective for improvement of the life of the SAY

device. The sheet resistance of the electrode film affecting the

insertion loss is normalized by regarding the aluminum electrode

film to be I, and it is about 1.6 to 1.9 times in the laminate film

electrode, being a smaller value as compared with the alloy film

adding 1 wt.X¥ of titanium. As a result, the insertion loss vas

smaller than in the filter using the aluminum-! #t.¥% titanium alloy

film.

In this embodiment, the film thickness of titanium was fixed

at 15 om, but to obtain the effects of the invention, it has been

experimentally confirmed that this filw thickness should be formed



referring to Fig. 1 (a), (b). Fig. | (a) is a perspective view show ng the
constitution of a filter of |adder type of 872 MHz fabricated in this
enbodinment. Fig. | (b) is its equivalent circuit diagram Reference nuneral
1 denotes a piezoelectric substrate, ahd lithiumtantalate is used in the
enbodi ment (called LT substrate hereinafter). Reference nuneral 2 is an
inter-digital transducer electrode, and 3 is a reflector electrode. Fig. 2
(a) to (c) are sectional schenmatic views varying the nunber of |am nates of

the | am nate e{aeqteraggenhq namhmva@t LPIeknEBS HRHE 38R1dQNEL LN Cthe
Illustrates only one inter-digital transducer electrode. In the draw ngs,

reference nunetg kadds tan gach 3aydO oBBthé G uftthunOf £ @sefoa-hyanmrtrbmymfn and
51 and 52, 53 to 55, and 56 to 60 are conductive nmaterial filnms having a

| arger el asti Ctﬁ;é)réﬁi)@&‘hetnlﬂarbutth?t 3lgUpd OUTaf td i ive 2Nfhdt BfedeNt € acdb ot Ei@ular

transducer el ectrode
problen xf the ;hxckness of each layer is different.

In this composition, the électrode is not limited to
titanium alone, but same effects were confirmed by using copper,
ballydiun. chromiun, molybdenum, tungsten, tantalua, niobium,
zirconium, hafnium, vanadium, nickel, and silver.

Example 2

As a second embodiment of the invention, an électrode of
layer composition shown in Fig. 2 was prepared in the same filter
composition as in the first embodiment shown in Fig, 1. By way of
comparison, a pure aluainum fil-land an aluminum-1 wt.% copper alloy
film were prepared as a single-layer electrode shown in Fig. 3 (a),
and an aluminua/copper/ aluminum layer filu was cosposed as a three-
layer composition shown in Fig. 3 (b). The electrode composition of
this embodiment is a laminate structure of alusinum film and copper“
film, and the electrode film thickness is shown in Table 2. 1In this
embodiment, the film thickness was adjusted so as to Be equivalent
to the mass of the electrode when the electrode is composed of
aluminuam film, and frequency fluctuations were prevented.

In preparation of this embodiment, a pattern of photo resist
fila in reverse pattern of electrode film was first formed on an LT _
substrate, and aluminum film and copper film were laminated in a

specified thickness by electron beam vaporizing method on this



8 is composed of 31 to 33 and 51 and 52 in Fig. 2 (a), the inter- digital
transducer electrode 2 is conposed of 35 to 38 and 53 to 55 in Fig. 2 (b),
and the inter-digital transducer electrode 2 is conposed of 40 to 45 and 56
to 60 in Fig. 2 (c). In this embodimenl3 it was formed in the foll ow ng
met.hod. That is, the electrode filmwas formed by sputtering nethod, and
the sputtering device was a carrousel type sputtering device (SPC 530H of
Ni chi den Anerva). Targets of alum numand titaniumwere attached to this
sputtering devsdstratd sithdedrbesob Faetie of 1Wrs' Petandnsebstwhsd rizhgemaiuder
and the degree of vacuumwas adjusted to 5 niforr, and the filns were

| am nat ed at téf redbStenderafueBpekfaenwerdaf, bpanch Bnpandinewev iy thaphoto
conparison, the electrodes in the conposition

resist file, the electrode film formed on the photo resist layer was
simultaneously removed, and a specified inter-digital transducer
electrode was prepared,

After dicing thus prepared sample, by die boﬁding to the
substrate for package and wire bond connection, a filter of 872 NHz
‘same as in Example 1 was prepared. The life of SAW device was also
evaluated in the same method Qs in Example 1. The results are

suamarized in Table 2.



shown in Fig.3 (a), (b) were also fabricated and evaluated. In Fig. 3,
reference nuneral | is a piezoelectric substrate, 2 is an inter- digital
transducer electrode, 46 is a filmmde of a single material, 47 is an
alumnumfilm and 61 is a conductive neterial filmhaving a |arger elastic
constant than pliHAReHp—-R—t-his—enbodi nent as.single material film

conposition infFig. 3 a) a pure alumnumfilmand gn alum num1l w.%
titaniumalloy[filmwefe drepdred, 1n£ as[ t hred-1 ayerq conposed el ectrode
filmin Fig. 3| (b), an al yninyn® ti{afiunfakunijnum fijll m conposition was
. . [} b b . .
fabricated in fhe =sa appar atjus. T1e=e| ects odg fil m}thi ckness of
fabricated el ectg e positjiong s shoan ijn &ablle 1. $ince the center
frequency of the:“Wfl fgergflugtua es depe-i’ndl Hg on tthe mass | oad effect of
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el ectrode, in this enbodi nent, the frequency fluctuations are prevented by
adjusting the filmthickness so that the mass nay be equivalent to the mass
of the electrode at the tinme of preparation of electrode by alumnumfilm
In theses sanples of electrode films, $Pecified patterns were forned by
photol i t hography and dry etching techni que, and then .by dicing,
di e-bonding to the substrate for package and wi re bondi ng connection, a
filter of 872 Mz vimsthe ephaeedlaybn dleetprdepan cfigsadhlbes, the Wieofadil i ed at
the center frequency in the atnosphere of 100[err]C, and the dielecttic
strength wadevést exhs dbmut ii0 etimes ditmltect rihe edppengidietiefilmwasnpepiessed by
normalizing the tinme until deterioration of insertion loss by 0.5 dB from
the initial Rigl ug,(aM tiénd dapthet sdupliekeid ifig. i ) (ahe Rlguni {bin faddnFighe
results are shown in Table 1
(c) laminating two layers or more each of copper and aluminum, the
life was 1 X 10°® or more, and a notable improvement was observed as
compared with the aluminum-1 wt.X copper alloy electrode in Fig. 3
(a} or three-layer electrode in Fig. 3 (b). In the samples in Fig.
2 (a) and Fig. 2 (b), hillocks were partly observed on the surface,
but no change was detected in the sample in Fig. 2 (c), and the life
vas longer than the test period. The sheet resistance of the
electrode film was not significantly different from that of the
aluminum-1 wt.X copper film in Fig. 3 (a), and there was no
practical problen.
In this embodiment, too, the film thickness of copper to be
laminated was fixed at 15 nm, but to obtain the effects of the
invention, this film thickness may be formed at least thinner than
~ the thickness of the aluminum film, and the thickness of each layer
is not particularly required to be uniform. The thickness of the
alumipum film is formed uniformly in the embodiment, but it is not
limitative, and there is no particular problem if the thickness of
each layer is different.
In this composition, the electrode is not limited to copper
alone, but same effects were confirmed by using titanium, palladium,

chromium, wolybdenum, tungsten, tantalum, niobium, zirconium,

hafnium, vanadium, nickel, and silver.



20 [err] As known from Table 1, in the case of three-layer conposition
in Fig. 3 (b), hillocks were observed on the surface, and side hillocks on
the side of the electrode, and the Iiff of the SAW devi ce was about 20
times that of the titanium added all oy ilm On the other hand, in the
sanples lamnating two or nore |layers each of titaniumfilmand al um num
film with the film.thickness of alum numlayer being 150 nmor |ess, as
shown in Fig. 2 (afxadle 32 (b), and Fig. 2 (c), the life of the SAWdevice
was i nproved greatly, over 10" or nore. In the sanples in Fig. 2 (a) and
Fig. 2 (b), howevefhifidubodisenhest tharinvygnbimmeiyetbsoniliddein Fig. 4. In

Fig. 4. reference numeral | is a piezoelectric substrate, 70 to 73

are aluminum films, and 80 to 82 are conductive material films,

which are copper films in this embodiment. In this embodiment,

aluminum films and copper filas are laminated, and the film

thickness of the aluminum film 73 at the outermost layer is 21 nm.

The film thickness composition is shown in Table 3. By way of

comparison., a sampie of same seven-layer composition with the film

thickness of the outermost layer of 66 nm vas prepared.

These samples of electrode composition were prepared in the

same sethod as in Example 2. Test results are shown in Table 3.



el ectrode surface, but no change was noted in the sanple in Fig. 2 (c), and
the life of the SAY device did not reach the end wthin the duration of the
test. It was thus recognized that the | am nate el ectrode conposition is
very effective for inprovenent of the IVfe of the SAWdevice. The sheet

resi stance of n af fecting the insertion loss is nornmalized
by regarding{the alufinumpgl ectfjode filmto be 1. and it is about 1.6 to
1.9 tines injthe lamingte filmglectrode, being a snaller value as conpared
with the allgy fiJmaddingl 1 w .|%of titanium As a result, the insertion
| oss was snalll gr St hap gn the fillfter using the aluminum!| w.%titanium
alloy film Engtiis ¢nBodipent, |the filmthickness of titaniumwas fixed at
15 nm but t¢ wbmain|tfe effectq of the invention, it has been
experinental llyaconfitn®d that tRis filmthickness should be forned
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2 at |east thinner than the thickness of the alumnumfilm The thickness
of each layer of the alumnumfilmis fornmed uniformy in the enbodi nent,
but it is not limtative, and there is no particular problemif the

t hi ckness of each layer is different. N8 this conposition, the electrode is
not. limted to titanium alone, but sane effects were confirmed by using
copper, palladium chrom um nolybdenum tungsten, tantal um niobium

zi rconi um haf ni umAsviedvadi ton Taislleed, WNdosaingethinExaed lan2nds falsagond
enbodi nent of the invention, an el ectrode of |ayer conposition shown in

Fig. 2 was phepedtRdnbst 1ageRalBrdatlibflofC AIPRITkE 6 tAe dutfabe canr bé
enbodi nent shown in Fig. 1. By way of conparison, a pure alum numfilm and
an al um nump}eWsn 24C ORI hAIiGY is extended as a result. Although the

copper filp is likely to oxide, the outermost layer is an aluminum

film resistant to oxidation, and tliere wvas no frequency fluctuation

due to oxidatiom for a long period.

The electrode of this constitution is not limited to copper
alone, but same effects were confirmed by using titanium, palladium,
ehromium. molybdenun, téngsten, tantalum, niobium, zirconium;
hafniuvm, vanadium, nickel, and silver.

Example 4

This embodiment of the invention is described in Fig..5. In
Fig. 5, reference numeral 1 is a piezoelectric substrate, 74 to 77
are aluminum films, and 83 to 86 are conductive material filams,
vhich are titanium films in this embodiment. In this embodiment,
four layers of aluminum film and four layers of titanium films were
lasinated, and the outermost layer was a titanium fili 86. By way
of comparison, a seven-layer sample was prepared with an aluminum
film of 75 nm at the outermost layer. Bach film thickness is shown
in Table 4. The method of preparation was same as the method of
Example 1.

The life evaluation results of SAY device are shown in Table



filmwere prepared as a single-layer electrode shown in Fig. 3 (a),
al um nunt copper/ alum num | ayer filmwas conposed as a three-

corposi tion shown in Fig. 3 (b).

and an
| ayer
The el ectrode conposition of this

re of W unminumfilmand copper film and
shown in Table 2/ In this enbodi nent, the
s to be equivalent to the mass of the
conposed of alumnumfilm and frequency
preparation of this enbodinment, a pattern
pattern of electrode filmwas first forned
nfilmand copper filmwere lamnated in a
beam vapori zing nethod on this 13

enbodi nent i a rampate Skruct
the electrode filmthicknegss is
filmthicknegs was afljsist SO 8
el ectrode when the el &etrode is
fluctuations|wer& prevénted. In
of photo resijsB.Bilni®™ reverse
on an LT subgtiafle, ari@ aljum nun
speci fied thlcﬁngss byEeIebtron
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substrate at degree of vacuum of 10-4 Pa and substrate tenperature of

t enperature
el ectrode fi

di ci ng thus

Afterwards, by etching and renoving the photo resist film

room

t he

| e formed on the photo resist |ayer was sinultaneously renoved,
and a specified inter-digital transduc® el ectrode was prepared. After

prepared sanple, by die bonding to the substrate for package

and wi re bond connection, a filter of 872 MHz sane as in Exanple | was
prepared. The |life Df thAWahpve i vog @l 6b) ofablisitled filnt bieickaees net hod as
in Exanple 1. The results are sumar+i zed in Table 2. 14

composition, hillocks were partly observed on the electrode surface
after testing, but there was no change in the sample of the
eubodiment in Fig. 5. and the life of the SA¥Y device was improved.

This embodiment is not limited to titanium alone, but same effects

are obtained by using other materials forming stable oxide film than

.ti;anium. including chromiuam, niobium. zirconiuam, and hafaiunm.

Example 5

This embo@iment of the invention is described in Fig. 6. In
this embodiment, a conductive material film 95 is a titanium film,
and conductive material filws 96 and 97 are titanium nitride filams.
Reference numerals 90, 91, and 92 are aluminum films, and they are
combined to form an inter-digital transducer electrode 2. Reference
numeral | is a piezoelectric substr;te.'which is an LT substrate in
this embodiment.

' The electrode film was prepared by vacuum deposition, and
after evacuating to a degree of vacuum of 10°* éa. al&minum and
titanium were evaporated by electron beam at substrate temperature.
of room temperature to form a film. At this time of film'forming.
the first layer contacting with the piezoelectric substrate 1 was
the titanium film 95, and the layers 96 and 97 were titanium oxide
filws formed by feeding nitrogen gas to be 10~* Pa at the time of
evaporation. Vhen forming the aluminum film, feed of nitrogen gas
vas stopped, and the film was formed in high vacuum state.

In the electrode composition of this embodiment, there was a



5 In the three-layer electrode in Fig. 3 (b), the life of SAWdevi ce was
about 10 tines that of the copper added filmsanple in Fig. 3 (a). and in
the sanples in Fig. 2 (a), Fig. 2 (b), _and Fig. 2 (c) lamnating two |ayers
or nore each of copper and aluminum t®% life was | x 10' or nore, and a
not.abl e i nprovenent was observed as conpared with the alum numl|l w.%
copper alloy electrode in Fig. 3 .(a) or three-layer electrode in Fig. 3
(b). In the Waapiuwgslaremrog. the pigzaeddc Fiig. sobgtigpte Hi | aad Kbeveondaphredsy
observed on the surface, but no change was detected in the sanple in Fig. 2
(c), and t hémbréwdnas doopgesd whin theealwdnuper Thel. laflheateh@déth rtdei st ance of
the electrode filmwas not significantly different fromthat of the
al um num | wilvébmeppes af ithtanine Rigrige (H)lp, cawd réemtéonan thotipr aduiiomi
problem In this enbodinment, too. the filmthickness of copper to be

film hardly occurred, and diffusion hardly occurred if heated in the

process of etching or assembling, and hence it was stabler, and the

life of the SAY device was 10" even after heating at 300°C, and the

viring résistance wvas as small as about 1.6 times that of the

aluminue film. In this experiment, the method of using titanium is

explained, but same effects are obtained by the same method by using

transition metals, such as zirconium, hafniuom, vanadium, niobium,

tantalum; chromium, molybdenum, and tungsten.

Example §
In the filter composition shown in Fig. 1, an electrode was

composed in five layers in total consisting of three layers of

aluminus fila and two layers of titanium borate film, in a laminate

composition of aluminum film and titanium borate fils. The film was _

formed by sputtering, and the apparatus was a carrousél type

sputtering device (SPC-5308 of Nichiden Anerva). Targets of -

alupinus and titanium borate were attached to this sputtering device,

and the LT substrate | was set in a substrate holder, and the degree

of vacuum was adjusted to 5 aTorr, and the films were laminated at

the substrate temperature of room temperature. The thickness of one

layer of titanium borate film was {0 nm.

After forming the laminate electrode, a specified pattern

wvas formed by photolithography by etching the electrode film by ion



lFfam nated was fixed at 15 nm but to obtain the effects of the invention,
this filmthickness nay be fornmed at | east thinner than the thickness of
the alumnumfilm and the thickness of each layer is not particularly
required to be uniform The thickness 82 the alumnumfilmis formed
uniformy in the enbodinent, but it is not limtative, and there is no
particular problemif the thickness of each layer is different. In this
conposi ti onpit himgel ethe sdbsdquendtpriocess gdst in ¢bpameadethed dtutinsane effects
were confirmed by using titanium palladium chrom um nolybdenum
tungsten, t&xamgleml. niThiei tent methodniwasnalkafsamenss \ianBxdupde hi chela and
silver. 16 Exanple 3

result of test, in this embodiment, slight hillocks were noted on

the electrode surface after testing, but the life of the SAY device

was 5 X 107 or more. This is the effect of the larger mechanical

strength of titanium borate film and small particle size of the

aluminuam film formed on the titanium borate film.

In the composition of the embodiment, titanium, copper, and
tvo titanium compound materials of titanium borate and titanium
nitride are used, and the effects of the invention are obtained by
laminating a material having a larger elastic constant than the
aluminum filw between aluminum film layers., and same effects are
obtained by using palladium, chromium, molybdenum. tungsten,
tantalum, niobium, zirconium, hafnium, vanadium, nickel, silver,
other single metal, titanium carbide, nickel chromium, titanium
nitride, other carbides, nitrides, and alloys.

The layers of material having a larger elastic constant than
the aluminum fils may not be necessarily composed of a same material,
but same effects are obtained as far as the films laminated between
aluminum filws are made of materials having a larger elastic
constant than the aluminum films.

This embodiment relates to the LT substrate, but the
invention is not limited to the LT substrate alone, but same effects

are obtained by forming, for example, on lithiuw niobate substrate,

lithium tetraborate substrate, or single crystal substrate such as



Thi s enbodi nent of the invention is described in Fig. 4. In Fig. 4,
reference nuneral | is a piezoelectric substrate. 70 to 73 are al um num
films. and 80 to 82 are conductive material filns. which are copper filns
in this enbodinent. In this enbodi nent , 23l umi numfilns and copper filns are
| ant nated, and the filmthickness of the alumnumfilm 73 at the outernost
layer is 21 nm The filmthickness conposition is shown in Table 3. By way

of conpari soardzssuhsiteatd. sAhsd sewerefifaysy aeongesiiddAnVa tplekbel ekeitk 18
t hi ckness of the outernost |ayer of 66 nmwas prepared. These sanpl es of

el ectrode cosgbssiratonsivg zipe apddedfiln fémedas® aBaphd rassdbs tExaIPl e 2.
Test results are shown in Table 3. 17 [err]

Thus, the invention compeses an inter-digital transducer
electrode capable of withstanding application of a large electric
pover and keeping the sheet resistance low, by laminating aluminum
films and films of conductive material having a larger elastic
constant than the aluminum films, and heace brings about outstanding
effects in high reliability production of transmission stage filter

of mobile telephone, oscillator used in keyless entry system, and

others that required application of a large electric power.



18 As known from Table 3. by formng thin the aluninun1filn1of t he
outernost |ayer, formation of hillocks on the surfacg=ecan ent ed, and
the'life is extended as a result. Although the coppe mﬂSﬁ}EETuL
oxi de, the outernost layer is an alumin24n filmresiskant tREmcgﬂ;
there was no frequency fluctuation due to oxidation fOr—a oMt '
el ectrode of this constitution is not limted to copper alone but sane

effects were confirned by using titanium palladium’ cﬁFﬁhlunl “nol ybdenum

s TVer e o T Creoa RS The Tovent: STMTAAIATE, - <

1. A SAW.device coamprising a piezoelectric substrate, and
at least an inter-digital transducer electrode provided on a surface
of the piezoelectric substrate,

~ wherein said inter-digital transducer electrode is composed
by alternately laminating aluminum films and filas of conductive
nacerigl havi;g a larger elastic comstant than elastic constant the
aluminem films, and

the filas of conductive materials and aluminum films are

laminated by two layers or more each.

2. A SAW device of claim 1, wherein a thickness of each
layer of tﬂe aluminum filas is 150 na or less, and a thickness of
each layer of the films of conductive material having a larger.
elastic constant th;n the aluminuas filas is thinner than_the

thickness of the each aluainum fila.

3. A SAW device of claim 1, wherein a outersost layer of
the inter-digital electrode is the aluminum fila, and a thickness of

the aluminium is 50 na or less,

4. A SAW device of claim 1, wherein a outermost layer of
the inter-digital electrode is the film of conductive material

having a larger elastic constant than the aluminua fila.

This Sheet Has Been R
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Fig. 5, reference nuneral | is a piezoelectric substrate, 74 to 77 are
alumnumfilnms, and 83 to 86 are conductive material fi | ,
titaniumfilns Tn this—embedirent. In this enbodi ment, 1EEEN

alum numfilm f titanBBmfilmwere | a nateqhgm
out.er nost | ay l' ﬂﬂﬂ”Mfllm%. By way of conpais
sanpl e was prepared wi mnum- filmof 75 nm at the outernost
| ayer. Each filmthickness is shown in Table 4. The method of preparation
was sane as the nethod of Exanple |I. The life evaluation results of BAY
device are shown in Table 4. [err]
5. & SAN device of claim 1, wherein a material of a first
layer film of the filss of conducting materials, said first layer

film contacting with the piezqelecnric substrate is a transition

metal,

8. A method for manufacturing SAW device comprising the
step of:

evacugtinz a chamber to a degree of vacuua of 10-4 Pa or
less, forsing a transition metal fili of a first layer on a
piezoelectric substrate, and successively forming an aluminua film
of a second lafer similarly,
| feeding a nitrogen gas into the.chanber. and forming a
nitride transition netal_fill of a third layer in nitrogen
atmosphere, )

' evacuating the chaaber again to ; degree of vacuumof 10-%

Pa or less, and forming an alusinue film of a fourth layer, and

forming an inter-digital-transducer electrode of ialinat;
structure by repeating the step of forming the nitride transition

metal film of the third layer and the step of forsing the aluminunm

fila of the fourth laver.
Sheet Has Been Replaced

T




20 In the sanmple in Fig. 2 (b) of similar filmthickness conposition.
hillocks were partly observed on the el ectrode surface after testing, but
there was no change in the sanple of the enbodinment in Fig. 5. and the life
of the SAWdevice was inproved. This enbodinent is not limted to titanium
al omne, but §§?eleffects are obtained bytusing other materials formng
stable oxide Til'mthan .titanium including chrom um niobium zirconium
and hafnium Exanple 5 This enbodi nent of the invention is described in
Fig. S. In this enbodi ment, a conductive material film95 is a titani'um
film and conductive material filns 96 and 97 are titaniumnitride fil ns.
Ref erence nunerals 90, 91, and 92 are alum numfilns, and they are conbi ned
to forman inter-digital transducer el ectrode 2. Reference

I Piezoelectric substrate
2 [nter-digital transducer electrode
3 Reflector electrode
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nueral | is a piezoelectric substrate, which is an LT substrate in this
enbodi nent. The el ectrode fil mwas prepared by vacuum deposition, and after
evacuating to a degree of vacuum of 10- Pa, al um num and
titanium were evaporated by el ectron beam at substrate tenperature of room
tenperature Ri@.fdrma film At this tine2of filmfornmng, the first |ayer
contacting with the piezoelectrig¢ substrate | was the titaniumfilm 95, and
the layers 96 and 97 were titani Em oxi det 4%0prkec trdg ngubsiiyateedi ng nitrogen
gas to be 10[err] Pa at the tine,of evaPoratlon Then form ng the al um num
film feed of nitrogen gas was st opped, Hed - dind tal | bnanadudeor ket tirndéi gh

vacuum state. I n the el ectrode ci)magsl tion of this enbodi nent, there was a
21 t- 35-38. 40-45 Aluminum fxlms

5(-60 Conductive material films
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&itanium | ayer on the piezoelectric substrate 1. and the contact was

i nproved as conpared with the alum num The lamnate with the al um num was
a titani ur’g.nitéi de film and reaction with the alum numfilmhardly
occurred, iffusion hardly occurred if heated in the process of etching
or .assenbling, and hence it was stabled and the life of the SAWdevi ce was
10" even after heating at 300[err]C, and the wiring resistance was as snall
as about 1.6 tinmes that of the alumnumfilm In this experinent, the

nmet hod of using titaniumis explained, but same effects are obtained by the

same nethod by using transition fgetals, P?Jf'&:'@ St &le! SN tYdte haf ni um
vanadi um ni obium tantalum chrom um éenum and tungsten. Exarrpl e 6

In the filter conposition shown ign Fig. 1 ‘"‘ala‘?ﬁ?t E{aﬂ‘%dnum fCeQFern 3

five layers in total consisting of three ayer
| ayers of titaniumborate film w a | afi fiRhGs CATRESI ti on of al um numfllm
and titaniumborate film The filmwas

61 Conductive material films
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formed by sputtering, and the apparatus was a carrousel type sputtering
devi ce (SPC-530H of Nichiden Anerva). Targets of alum numand titanium
borate were attached to this sputtering device, and the LT substrate |I was
set in a substrate holder. and the degree of vacuum was adjusted to 5
mrorr, and the filns were | am nated at tghe substrate tenperature of room
tenperature. The thickness of one layer of titaniumborate filmwas 10 nm
After formng the |lam nate el ectrode, a specified pattern was forned by
phot ol i t hography by etching the electrode filmby ion 22 mlling. The
subsequent process was in the sane nethod as in Exanple 1. The test nethod
was also sane as in Exanple 1. As a result of test, in this enbodi nent.

slight hillocks were noted on

Fig. §
t Piezoelectric substrate

2 Inter-digital transducer electrode

70~73 Alusinum filss

30~382 Conductive material films
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tfre el ectrode surface after testing, but the life of the SAWdevice was 5 x
10" or nore. This is the effect of the |arger nmechanical strength of
titaniumborate filmand small particle size of the alumnumfilmformed on
the titanium borate film In the conposition of the enbodi ment, titanium
copper, and two titani um conpound nateri%ls of titaniumborate and titanium
nitride are used, and the effects of the invention are obtained by

|l am nating a material having a | arger elastic constant than the al um num
filmbetween aluminumfilmlayers, and sane effects are obtained by using
pal | adi um chrom um nol ybdenum tungsten, tantalum niobium zirconium
haf ni um vanadi um nickel, silver, other single netal, titanium carbide,

ni ckel chromum titaniumnitride, other carbides, nitrides, and all oys.
The |l ayers of material having a larger elastic constant than the al um num
file may nof pesnecessarlly conposed of a sanme material, but sane effects
are obtalned as far as the filnms | am nated between

l Piezoelectric substrate
2 Inter-digital transducer electrode
T4~77 Aluminum filams

83~86 Conductive material filas
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alumnumfilns are made of materials having a |arger elastic constant than
the alum num.filns. This enbodinent relates to the LT substrate, but the
invention isgppt glimted to the LT substrate al one, but sane effects are
obtained by formng, for exanple, on lithiumniobate substrate, lithium
tetraborate substrate, or single crystalb substrate such as 23 quartz
substrate. Also sane effects are obtained in a piezoelectric substrate
using zinc oxide filmfornmed on a sapphire substrate. Thus, the invention
conposes an inter-digital transducer el ectrode capable of w thstanding
application of a large electric power and keeping the sheet resistance |ow,
by |aninating alunminumfilms and filns df condféesoedecttier sedsthavi ng a

| arger elastic )

[nter-digital transducer electrode

90~92 Aluminum films

95~97 Conductive material filams
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constant than the alum numfilmns,..and.hence brings about outstanding
effects in high reliability production of transm ssion stage filter of
nobi | e tel ephone, oscillator used in keyless entry system and others that
required application of a large electric power. [err] CLAIMS. 1. A
SAW device conprising a piezoelectric substrate and at | east one
interdigital transducer el ectrode provided on a surface of said

pi ezoel ectric substrate; said inter-digital transducer el ectrode conprising
a plurality of filnms of a first material and a plurality of films 5 of a
second material deposited so as to formalternating |layers, said filns of
the first material conprising aIuniniuP] said filns of the second nateri al
conprising a convédctiigtﬁﬁﬁer"ifthWi‘Eﬁ d¥ds®an el astic constant greater than
the elastic constant of the filns of the first material and said
inter-digital transdfiidedeeicecanddaescoauraeturgngtudthadt two of said filns of
the first

The invention is intended to present a SAW device using
an inter-digital transducer electrode capable of withstanding
-application of a large electric power, and preventing in;rease of
insertion loss. The constitﬁtiou possesses an inter-digital
transducer electrode 2 alternately laminating aluminua films 31 to
45, and filas of conductive materials 51 to 60 having a.larger
elastic constant than the aluminum films, on the surface of a

piezoelectric substrate 1.

(Figure 2)
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mat-eri-al and at | east two of the films of the second material; 10

wherein each of the filnms o eaerrpl has a t hi ckness of

approxi mately 150 nm or | esgkhk g et the filns of the second
material has a thickness |egsl| anthethlcnss of the fil t
material. 2. A SAW devi cq dcoppdigmid cha m 1 wher ei n#%i ‘:{;{:f?g%éts
inter-digital electrode confrijses 15 an out¢r -l ayer forne y one oT7
said filns of the first mategri pgt Iayer havi ng a thi ckness of
approximately 50 nmor | ess.} 3. A SAW devi.de according to claim1,
wherein said inter- di gital erecitrode conprises an outernost |ayer formed by
one of said filnmsyg Cmdmv&ttﬁ;h' Providéd a'SAW dévx&%ﬂpﬁsxﬁ a2piesselbchi:
to claim1, further co I Si atran5|t|on netal s | ayer 05|t|oned bet ween
sai d pi ezoel substiate ambat tm@mm¢m| transducgr glepuodeepmxdgém a sutfare of said

transition rretal er.__conpr uctive. m

devi ce accor BI¢ARE Wgw aﬁ@%’ﬁﬁ‘?ﬁﬂ&"@@ﬁ%ﬁ&“ &%?9‘5?“ %t?l“‘lrﬂgg f)?ﬁ%s

sel ect ed frogetfrirpiterid ORaiSp W%Bftﬂlﬁtﬁl@fl&%ecsﬂpﬁﬁfenapdépﬁiwm G5 6 Faredn

nol ybdenum tungst en, tantaluny niobium zirconium_ hafniun vanadi um

ni ckel and Sialtemnating Iayers, said films of the first material comprising aluminium, said films of the
second material comprising a conductive material which has an elastic constant greater than
the elastic constant of the films of the first material and said inter-digital transducer electrode
comprising at least two of said films of the first material and at least two of the films of the
second material;

10 wherein each of the films of the first material has a thickness of approximately 150

nm or less and said each of the films of the second material has a thickness less than the

thickness of the films of the first material.

This constitution presents a SAW device capable of suppressing generation of voids
15 and hillocks due to move of aluminum atoms at the time of application of a large electric
power, and preventing increase of insertion loss.
V1. Brief Description of the Drawings
Fig. 1 (a) is a perspective view showing a constitution of a SAW device fabricated
20 according to an embodiment of the invention, and Fig. 1 (b) is an equivalent circuit diagram
of the same SAW device;
Fig. 2 is a sectional block diagram showing a first embodiment of the invention;
25 Fig. 3 is a sectional block diagram of an electrode prepared for comparison;

Fig. 4 is a sectional block diagram showing a third embodiment of the invention;

Fig. S is a sectional block diagram showing a forth embodiment of the invention; and



6. « A nethod for manufacturing a SAWdevi ce according to claim1,
conprising the steps of: evacuating a chanber to a degree of vacuum of 10
Pa or less; 5 formng a tran5|t|on netal s | ayer on said piezoelectric
substrate, said trapsiten—fetals—tayer conprising a conductgystifate shabt
fornming a second | ayREPIGADEME @Mﬁ ni um on said transj H'@Qc%ﬁb@l’sls 7

| ayer; 10 formi g a third Tayeri conprising nitride on salrd secon
e

| ayer; evacuating t chp %'t'@‘??a depr ee Rvacuum of—+064--Pa or. l ess, and
formng a fourth | ayef conprising aju 'num(i

e bl et et ceceoae bl e o <o S -
CLAIMS:

1. A SAW device comprising a piezoelectric substrate and at least one interdigital

transducer electrode provided on a surface of said piezoelectric substrate; said inter-digital
transducer electrode comprising a plurality of films of a first material and a plurality of films
5 of a second material deposited so as to form alternating layers, said films of the first material
comprising aluminium, said films of the second material comprising a conductive material
which has an elastic constant greater than the elastic constant of the films of the first material
and said inter-digital transducer electrode comprising at least two of said films of the first
material and at least two of the films of the second material;
10 wherein each of the films of the first material has a thickness of approximately 150
nm or less and said each of the films of the second material has a thickness less than the
thickness of the films of the first material.

2. A SAW device according to claim 1, wherein said inter-digital electrode comprises
15 an outermost layer formed by one of said films of the first material said outermost layer
having a thickness of approximately 50 nm or less.

3. A SAW device according to claim 1, wherein said inter-digital electrode comprises
an outermost layer formed by one of said films of the second material.

20
4, A SAW device according to claim 1, farther comprising a transition metals layer
positioned between said piezoelectric substrate and said inter-digital electrode, said transition
metals layer comprising a conductive material.

25 5. A SAW device according to claim 1, wherein said second material is at least one
selected from the group consisting of titanium, copper, paladium, chromium, molybdenum,

tungsten, tantalum, niobium, zirconium, hafnium, vanadium, nickel and silver.
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6. A method for manufacturing a SAW device according to claim 1, comprising the steps

\

of:
evacuating a chamber to a degree of vacuum of 10* Pa or less;

5 forming a transition metals layer on said piezoelectric substrate, said transition metals
layer comprising a conductive material;

forming a second layer comprising aluminium on said transition metals layer;
10 forming a third layer comprising nitride on said second layer;

evacuating the chamber to a degree of vacuum of 10“ Pa or less, and forming a fourth

layer comprising aluminum; and

15 forming an inter-digital transducer electrode by repeating the step of forming the third
layer and the step of forming the fourth layer.



