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for a surface acous vice (hereinafter re- ferred to as a SAW
device), and nore partléﬁP&rly, it re- lates to a nethod of formng

el ectrodes on a piezoelectric 10 substrate structuring a SAWdevice
through a ‘thin filmformng nmethod. Description of the Background Art A SAW
device utilizing a surface acoustic wave, which is generally structured by
formng an interdigital transduc- 15 er nmade of conb el ectrodes and grating
el ect r odegret.EmeFalrust TNvENaIOd surface of a substrate having

pi ezoelectricity, is widely applied to a television receiver or a video
tape recorder ElActabeei &oriidngf derthog e Sluadieced@sopstsgcWay® SAW devi ce
Is generally prepared fromalum num (Al'), ordi- 20 narily in the form of
anor phousDpeliger ystal line Al. Further, the SAWdevice is wdely applied to

a trans- mssion/receiving elenent or a resonator for a high frequen-
BACKGROUND OF THE INVENTION

5 Field of the Invention
The present invention relates to an electrode forming
method for a surface acoustic wave device (hereinafter re-
ferred to as a SAW device), and more particularly, it re-
lates to a method of forming electrodes on a piezoelectric
10 substrate structuring a SAW device through a thin film
forming method.
Description of the Background Art
A SAQ device utilizing a'surfaéé acoustic wave, which
is generally structured by forming an interdigital transduc-
15 er made of comb electrodes and grating electrodes of metal
strips on a surface of a substrate having piezoelectricity,
is widely applied to a television receiver or a video tape
recorder. A material for forming the electrodes of such a
SAW device is generally prepared from aluminum (Al), ordi-
20 narily in the form of amorphous polycrystalline Al.
Further, the SAW device is widely applied to a trans-
mission/receiving elemeﬁt or a resonator er éihigh frequen-
cy domain in recent years, and expected as a filter for a
radio frequency band pass filter of a portable deviée for

25 mobile communication, for the purpose of miniaturization and
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. cy domain in recent years, and expected as a filter for a radio frequency
band pass filter of a portable device for 25 nobile comunication, for the
purpose of mniaturization and .- 1 *@00002* wei ght reduction. Such a
SAW device is used at a | ow applied power |evel of about 1 nWwhen the
sane is applied to a television receiver or a video tape recorder, while a
hi gh voltage 5 | evel signal is applied to a SAWdevice which is enpl oyed
for nobile comrunication, particularly for the purpose of transm ssion.
For exanple, extrenely high power of about 20 mVNis applied to a SAW
filter for a cordless tel ephone (The 14th Synposiumw th respect to the

f undamentvad sglandrexypt tt@n 10 tions of ultrasonic el ectronics on Decenber 9,
1993 held in Japan). Therefore, high stress which is caused by a surface
acoustic wave $echapp| Skl deviee ©f ceseddet ¢ AlOW| 2RPIHALSHOWET olPE.LIt in
mgration in the el ectrodes. Such mgration  resultin Lron1stress IS
cal | ed stefeszbengyrhtTWHnvhamj€hg 5531 et3 %P@+ﬁ?@oﬁ°c%ug% ¥t attPica
shorting, increase in insertion |oss and red%c%%on An guali%% factor of
the reso-TeRRBYST | AR N 490 r BRIt TRRCT A her Fiot han e ¥t W3~ EAd7 de- vi ce.

In order to solve thjs. probl t here een_proposed. 2 devi ce
Lo Byt no S St T b RRRT LN S PO o S PFTicE! IROSR%: s BnB1 SN

for mobile communication, particularly for the purpose of

transmission. For example, extremely high power of about 20
mW is applied to a SAW filtef for a cordless telephone (The
14th Symposium with respect to the fundamentals and applica-
10 tions of ultrasonic electronics on December 9, 1993 held in
Japan). Therefore, high stress which is caused by a surface
acoustic wave is applied to the electrodes (Al electrodes),
to result"in migration in the electrodes. Such migration
resulting from stress is called stress migration. This
15 stress migration causes electrical shorting, increase in
insertion loss and reduction in quality factor of the reso-
nator, leading to reduction in performance of the SAW de-
vice.
In order to solve this problem, there has been proposed
20 a SAW device employing as an electrode material an Al film
or an Al alloy (e.g., Al-Cu alloy) film whose (111) plane is
parallel to the substrate surface and the oriébtation axis
is [111] (Japanese Patent Laying-Open No. 5-183373 (1993)).
In the aforementioned Al film or Al alloy film whose

25 (111) plane is parallel to the substrate surface, however,
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or an Al alloy (e.g., Al-Cu alloy) filmwhose (111) plane is parallel
t.he substrate surface and the orientatiomaxts—is—[111] (Japanese Patent
-Layln -Open No. 5-183373 (1993)). In the aforenmentioned Al filmor Al
filmwhose 25 (111) plane is parallel to the substrate surface, however,

2 resistance against stress migration is inproved but this effect is not
necessarily sufficient. Under the present circunstances, therefore,
awaited is an electrode formng method which enables formation of

el ectrodes having higher 5 resistance agai nst stress mgration.

THE | NVENTION I n order to solve the af orenentioned Eroblen] an.qbj ect
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devi ce which enables formati on of elec 10 trodes e hlblb excel | ent
Ei

stress nlgféec§n15e§p§t&ﬁ@ésép§6lywﬁéﬁfHFQﬁnﬁomeP §Tafy

deehlfet o.

to

al | oy

SUWVARY OF

of

AVRG P&t F8dSfor a saw

In

order to attain the aforenentioned o th hav i

studlef oﬁl§FP@§§aﬁF@§atFBﬁr8F°r§Peéﬁl %&9 léﬁﬁ?l&éﬁg rPﬁ& %8 ngﬁ%grvg¥lous

irregularities _in 15 crys struct re ar

and Fetame6P9§gﬁs§CPeﬁéPE§8§yfﬁf@? N mnP% eac%ec %npo re? ﬁagh%%ygtﬁgzs

m gration cays sur f.ac g%%lﬁ A n the conventional A fil
AR ol

whose cr ySEESEPRERt 88PRS |s a ong

pl ane, and rmade furt her

experi ments,. and shpdigs. hQekP el ete the present invention.

10

15

20

25

In order to solve the aforementioned problem, an object
of the present invention is to provide an electrode forming
method for a SAW device which enables formation of elec-
trodes exhibiting excellent stress migration resistance also

when high power is applied thereto.

In order to attain the aforementioned object, the
inventors have made various studies on stress migration of
electrodes, considered that a number of irregularities in
crystal structure are caused when substrate crystals and
metal crystals remarkably misfit with each other to result
in stress migration caused by surface acoustic waves in the
conventional Al film whose crystal orientation is along the
(111) plane, and made further experiments and studies, to
complete the present invention.

The inventive electrode forming method for a SAW device
comprises the sfeps of preparing a piezoelectric substrate,
and forming a film of an electrode material on the piezo-
electric substrate to be oriented in a constant direction by

a thin film forming method while carrying out ion assistance

-3 -

m



- The inventive el ectrode forningszigggs;QL’g,géyldevice conprises the
steps’ of preparing a piezoel ectri rate, and formng a filmof an
el ectrode material on the piezo- electric substrate to be oriented in a
constant direction by 25 a thin filmformng nethod while carrying out ion
assistance - 3 at prescribed ion energy. The thin filmform ng nethod can
be selected fromvarious nethods such as sputtering, IBS (ion beam
sputtering), CVD (chem cal vapor deposition), plasnma CVD, MBE (nol ecul ar
beam epitaxy), 1CB (ionized 5 cluster beam and | aser ablation, while the
method is not restricted to these but can be inplenented by a further
net hod. latipreossibéé tonfeneragn. epThaxthinf fLknhEOFRNAnNTCERPAeRBlY smal
nunber of crystal defects by formng a film 10 of the el ectrode materi al
on the pikzos¢betted Enpstyartousd BetheystavrbgrapPPLiFeyibdi effBd in a
constant direction while carrying out ion assistance in a filmformng
process ehphoyedn IPUBEBTLRE)y ?ﬁ?n(?P?ﬂ%?ﬁ}nYﬁaoﬁegﬁBaséElﬂBSLin- above

descri bed, thereby form ng el ectrodes havi ng superi 15, durabi.l ity which
gy Peasbin fFa'Th

are excel Pbasma nCYPr MBE n{BPieryhaF ckpa™ €R 0BhEFYe el ectrode

for md_pr et BFESEEPGaPY BPRentant S8 LA e ML) TP e Ear o he FrFm i 6 20
parall el %gs%Pfc ggs%6a£ﬁe§gr£3€ecagoﬁetPﬁpigﬁéﬂ%éagb§eésgﬂfther
method.

It is possible to form an epitaxial film having an
extremely small number of crystal defects by forming a film

10 of the electrode material on the piezoelectric substrate to
be crystallographically oriented in a constant direction
while carrying out ion assistance in a film forming process
émploying"an arbitrary thin film forming method as herein-
above described, thereby forming electrodes having superior

15 durability which are excellent in stress migration resis-
tance.

In the inventive electrode forming method for a SAW
devicé, the film of the electrode material as formed prefer-
ably is oriented so that the (111) plane of the film is

20 parallel to the substrate surface, for the following reason:

Electrodes having (111) orientation are closest packing
layers having no irregularities of atomic arréhgement in the
electrode planes. Thus, it is possible to uniformly dis-
perse stress as applied over the electrodes, thereby improv-

25 ing stress migration resistance. Further, as there is no
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. El ectrodes having (111) orientation are closest packing |ayers having no
ifregularities of atomc arranggﬁﬁﬁf‘Tﬁ*Tﬁé—=§f§EFTode pl anes. Thus, it is
possible to uniformly dis- perse stress as applied over the el ectrodes,
thereby inprov 25 ing stress mgration resistance. Further, as there is no
I B crystal boundary and thus there is little crystal
defects, it is possible to restrain the diffusion due to the diffu- sion
in the crystal boundaries and the crystal defects. The ion assistance is
preferably carried out at ion 5 energy of 200 to 1000 eV.. It is

i npossible to supply sufficient energy to the netal atons if the ion
energy i schkessatlhdour@drgVandhithasarchegkef dst ldfttdpucresitead dedardisal at ons
with assistant ions is so excessively increased that no filmgrowh is
attained iift i%0pblsesidier gp eesdeddnlode vffpsicRedue Fe ithe ddifdtance is
preferably carried out wth an assistant ion current of 0.01 to 10.00

MV cn? i nsiowr nientthgergivsyall bouadamiessiamde the sHpsitpls defieGteint energy to
the 15 netal atons if the current density of the assistant cyrrent is |ess
than 0.01 mA/ cfihe vien @Stsri@t@ﬁmtl%ﬁﬂ%tr@&liywafﬁéew o with the
assistant ions is so excessively in- creased that no filmgrowh is
attaihed enemgy Ofr RO tddiP8% PVexceeds 10. 00 mA/ cne.

It is impossible to supply sufficient energy to the
metal atoms if the ion energy is less than 200 eV, while an
effect of sputtering the metal atoms with assistant ions is
so excessively increased that no film growth is attained if

10 the energy exceeds 1000 eV.

Further, the ion assistance is preferably carried out
with an assistant ion current of 0.01 to 10.00 mA/cm? in
current dénsity.

It is impossible to supply sufficient energy to the

15 metal atoms if the current density of the assistant current
is less than 0.0l mA/cm?2, while the effect of sputtering the
metal atoms with the assistant ions is so excessively in-
creased that no film growth is attained if the current
density exceeds 10.00 mA/cm?.

20 Further, the assistant ions are preferably prepared
from at least one of He', Ne', Ar', Kr' and Xe'.

It is possible to attain a sufficient ioﬁ:assistance
effect by employing such assistant ions, thereby reliably
forming an epitaxial film having an extremely émall number

25 of crystal defects. Further, since the assist ions are ions
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20 Further, the assistant iQDS_QLQ_ELELEL%PLXTQVepared fromat |east one
of He, Ne', Ark, Kr' and Xe . It is possible to attain a sufficient ion
assistance effect by enploying such assistant ions, thereby reliably
formng an epitaxial filmhaving an extrenely small nunber 25 of crystal
defects. Further, since the assist ions are ions - 5 of inert gasses,
they can provide energy without reacting wth the netal atom or atons
consisting the substrate. The assistant ions are preferably incident upon
the substrate at an angle of 0 to 60 to a normal line with re- 5 spect to
the substrate surface. If the angle of incidence is out of this range, it
is inposstbimeto gdsses enthgy scapl prenbigyererghcV PPt af83ctingt s
preferable to set the filmformng rate in the range of 0.1 to 50 Alsec.
10 The nmetith athersneltahdvbem s orsPYs coPehsbing ERTsBUPEHRTGL grain
gromh if the filmformng rate i s not re hap 0, sec. ile the
filmis di sadviime a@eslstent ot pRe aB%fB’F‘gP‘%ﬁ%bfrﬁét hﬁ‘ch‘ij"%ﬁrit 3?%%‘3& arly
arranged. A substrate heating te ratuge.ip filmf i i 15 _

pr ef er abl Suls FE2 8P OTL %?n%%gg?oﬁgfgn?ﬁréﬁioﬁoo? ?%Egég?%%gga%%ﬁ% ?%
required on the substrate Eur ace fggc pitaxial growh. Further, the film
fornﬁtionsP%cBrE?ngﬁlﬁueﬁ FREQ BUt 95T a degree of vacuum of not nore than

10-3 mrhg, so iPa%hgoangle of incidence is out of this range, it is
impossible to efficiently supply energy to the metal atoms.
it is preferable to set the film forming rate in the
range of 0.1 to 50 A/sec.

10 The metal atoms disadvantageously condense to cause
crystal grain growth if the film forming rate is not more
than 0.1 A/sec., while the film is disadvantageously formed
before the metal atoms are regularly arranged.

A substrate heating temperature in film formation is

15 preferably O to 400°C, since proper migration of the metal
atoms is required on the substrate surface for epitaxial
growth.

Further, the film formation is preferably carried out
at a degree of vacuum of not more than 10 mmHg, so that no

20 residual gas is incorporated in the film to irregularize the
crystal structure.

The electrode material is preferably prebéred from a
metal having a face centered cubib structure such as Al, or
a metal having a face centered cubic structure and contain-
25 ing an additive, due to the closest structure along the
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- 20 residual gas is incorporated in t] ilmto irregularize the crystal
structure. The el ectrode nateri al ishEFE?tFEBTV\pfepang froma netal

having a face centered cubic structure such as Al, or a netal having a
face ‘centered cubic structure and contain 25 ing an additive, due to the

cl osest structure along the 6 (111) plane. It is possible to prepare the
metal having a face centered cubic structure fromAg, Au or Ni, in place
of Al. The additive is preferably prepared fromat |east one 5 of Ti, Cu
and Pd, with an amount in the range of 0.1 to 5.0 percent by weight. It is
possible to further inprove stress mgration resistance by adding at |east

one of Ti(i¢y)apdaRd. Haweys ?bssgbgee&bepteghradﬁhéimetbﬂ bhavding a
recogni zed I f the 10 anobunt of this additive is | ess than 0.1 percent by
wei ght, whibeckasbsbiviEupiks sikroceased firbmt Ag, adoupt dcedds p3age pdr cent
by weight. Thus, the additive is preferably added in the range of 0.1 to
5.0 percenf.by weight. The piezoelectric substrate is preferably fornmed by
a 15 substrate consisting of at |east one of quart, LiTaO3, LiNbGCB,

Li 2B407 and Zn®hespddétiNe denpirefeshbiie Psepgerdatsrm 2 HEgH o Ehe
surface of the crystal,.particularly quart, LiTaO3 and hi%bﬁﬁ ha% Epe

cl osést patkThg SuraeduPd, wéthbhan appunds factheqgdangs e Yatoh® -

arrangenents of the substrate is
percent by weight.

It is possible to further improve stress migration
resistance by adding at least one of Ti, Cu and Pd. Howev-
er, the effect of addition is hardly recognized if the

10 amount of this additive is less than 0.1 percent by weight,
while resistivity is increased if the amount exceeds 5.0
percent by weight. Thus, the additive is preferably added
in the raﬁge of 0.1 to 5.0 percent by weight.

The piezoelectric substrate is preferably formed by a

15 substrate consisting of at least one of quart, LiTaO,,

LiNbO,, Li,B,0, and ZnO, since the density of the oxygen atom
is high on the surface of the crystal, particularly quart,

LiTa0O, and LiNbO; has the closest packing structure, so that
the effects due to the atom arrangements of the substrate is
20 readily given to the metal atoms.

In the. inventive electrode forming method‘for a SAW
device, as hereinabove described, a film of the electrode
material is formed on the piezoelectric substrate to be
crystallographically oriented in a constant direction with

25 ion assistance at prescribed energy in a film forming pro-
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20 readily given to the netal atons.ln the-inventive el ectrode formng

nmet hod for a SAW device, as hereinabove described, a filmof the electrode
material is fornmed on the piezoelectric substrate to be

crystall ographically oriented in a constant direction with 25 ion

assi stance at prescribed energy in a filmformng pro- 7 cess enpl oyi ng
an arbitrary thin filmformng nmethod, where- by it is possible to forman
epitaxial filmhaving an ex- trenmely snmall nunber of crystal defects
thereby form ng electrodes which are excellent in stress nigration resis 5

tance. Further, the electrodes which are fornmed by the |nven- nmet hod
are excel tess lempébqangomngleahl(‘}rralrafs|'C§t15‘n(,fé1&hcf°rf‘ﬁéﬁgrr&et§’l° |Iwi e33'"eas wel |
as workability in wet etching, due to the extrenely nunber of

crystal defedits isl@oBgribier toaformt &nf £0d WeiRde Bé’tgr &% %hd the

el ectrode (filnm is extrenely stabilized and for mhereby it is
possi bl e ttoepedvesmaddd pember o Fé? 3?' E"t rodes. In

the el ectrode form ng nethod for VVdeV|c ac 15 .caor resen

t
i nvent i onelpgitEieges which ﬁ&%le&c@ N PthiS Sseﬁlll‘tgax?% fr%n% a g when
the msfit between the substrate crystals and the netal filmcrystals are
at | east 0% due to the enployment of the ion assistance in the

Further, the electrodes which are formed by the inven-
tive method are excellent in electromigration resistance and
thermal stability as well as workability in wet etching, due
to the extremely small number of crystal defects.

10 Further, an interface between the substrate and the
electrode (film) is extremely stabilized and forms no alloy,
whereby it is possible to prevent reduction of_resistance
(IR) acroés the electrodes.

In the electrode forming method for a SAW device ac-

15 cording to the present invention, further, it is possible to
obtain an epitaxial film also when the misfit between the
substrate crystals and the metal film crystals are at least
+20 %, due to the employment of the ion assistance in the
film forming process.

20 In addition, an epitaxial film having an extremely
small number of crystal defects can be obtained also when
the ratio of the additive is increased, whereb? it is possi-
ble to further improve stress migration resistance by adding
the additive in é sufficient ratio.

25 According to the inventive electrode forming method for
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filmfornmng process. 20 In addition, an epitaxial filmhaving an extrenely
srmal | nunber of crystal defects can be obtained also when the ratio of the
additive is increased, whereby—it—is possi-_bhle to further inprove stress
m gration resistance by adding the additive in a sufficient ratio. 25
According to the inventive electrode formng nethod for 8 a SAW devi ce,
further, it is possible to formelectrodes at a |ow tenperature, thereby
reduci ng damage (wafer damage) on the piezoelectric substrate in formation
of the electrodes. The foregoing and ot her objects, features, aspects and

5 advant ages of the present invention will becone nore appar- ent fromthe
f ol | owi ngadsawi dedidescEupthen, ofitt he ppeséhie tAvEArMoRLAAERCHEReAT n
conjunction with the acconpanying draw ngs. BRI EF DESCRI PTI ON OF THE

DRAW NGS &OlEWgtempesaaURHEEthhébﬁgFaﬁlﬂ}céﬁgv\ﬁiﬁ@agﬁe(&’F’§§Fafia§‘?gﬁé flure of
a (111)-oriented epitaxial A film (epitaxial nb Qr me g an Li TaG3
subst r at ethg alﬁeohbecﬁééﬁréPHQtFéteEkénﬁPéméFlPﬂe06r5 EnELPRVEREF Fig.
2 is a RHEED phot ograph showi ng the crystal str 15 tur a

(111)- orlentedTb9|€9¥P8P1A9 gp nPFBFHEBbéﬁcﬁs'cgﬁ9§HFF8naPSR§FhSd 881 oyi ng
no ion assistance;

h | d
surf &ce aé@ﬁéPFégﬁévggf PFePfeﬁgVﬁzéggggkﬁngnng%or c§%%§%b?% aigubl.e- mode

ent from the following detailed description of the present

invention when taken in conjunction with the accompanying
drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

10 Fig. 1 is a RHEED photograph showing the crystal struc-
ture of a (1l1l1l)-oriented epitaxial Al film (epitaxial Al
film) formed on an LiTaO, substrate by a method according to
Example o£ the present invention;

Fig. 2 is a RHEED photograph showing the crystal struc-

15 ture of a.(lll)—oriented epitaxial Al film formed by a
conventional method employing no ion assistance;

Fig. 3 is a plan view showing a SAW device (double-mode
surface acoustic wave filter) having electrodes formed by
the inventive electrode forming method for a SAW device;

20 Fig. 4 illustrates a 50 Q transmission characteristic
of a double-mode surface acoustic wave filter having elec-
trodes formed by the inventive electrode formiﬁg method for
a SAW device;

Fig. 5 schematically illustrates the structure of a

25 stress migration resistance evaluation system; and
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the inventive el ectrode form ng nethedfor-a _SAWdevice; 20 Fig. 4

itlustrates a 50 O transm ssion charaeteristic of a doubl e-npde surface
acoustic wave filter having elec- trodes forned by the inventive el ectrode

formng nethod for a SAWdevice; Fig. 5 schematically illustrates the
structure of a 25 stress migration resistance eval uation system and 9
Fig. 6 is a diagramfor illustrating a nethod of decid- ing the life of a

SAWTfilter fromits output. Fig. 7 is a drawing for explaining Fig. 1 and
shows surface index of the respective diffraction spots. 5 DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS An enbodi ment of the present invention is now
described to Eiplabnishe. diegramefofr fhdugtaasangi AvBRLPER P FeCdd-.

Fig. 3 is a plan view showi ng a SAWdevi ce (doubl e-npde surface acoustic
wave filteény Thealifg eifeet F6Heds idftesh fPR 18St OMBY by the inventive

el ectrode form ng nethod. In the double-nmde SAWT{jlter 7 sha ih Fig. 3,
anﬁnég%

a vertical paFidef 7i ASePdOgRWANIeEOL: PFBES 124 NGr E180r e “Eent r al

portion of a surface of a piezoelectric substrate 1, while interdigital
el ect r odesuzifaaee ihdeme @ fortheoriespegdd ves difdrastirds 580t Svel y. Furt her,

grating electrodes (reflec- tors) 2c are provided on both sides of the
i nt ersdi gi DEBCREPEGONO@EFs THE PEEFERREPe EYBOBHENIE t he grating el ectrodes

2c, capacitive el ec- : . . A i bed
An embodiment of the present invention 1is now describe

to explain the feature of the present invention in detail.

Fig. 3 is a plan view showing a SAW device (double-mode

surface acoustic wave filter) 7 having electrodes which are
10 formed by the inventive electrode forming method.

In the double-mode SAW. filter 7 shown in Fig. 3, a

vertical pair of interdigital electrodes 2a are formed on a
central pértion of a surface of a piezoelectric substrate 1,
while interdigital electrodes 2b are formed on both sides

15 thereof respectively. Further, grating electrodes (reflec-
tors) 2c are provided on both sides of the interdigital
electrodes 2b respectively.

Outside the grating electrodes 2c, capacitive elec-

trodes 4 having comb shapes are formed on intermediate

20 portions. Further, lead terminals 3 are drawn out from the
interdigital electrodes 2a through wires. The interdigital
electrodes 2b are connected with each othér byiwiring pat-
terns 5, and furthér connected with the capacitive elec-
trodes 4 by additional wiring patterns 5, to be provided

25 with capacitances. Further, lead terminals 6 are drawn out

- 10 -



‘trodes 4 having conb shapes are fornmed on internediate 20 portions.

Further, lead termnals 3 are drawn out fromthe “interdigital electrodes
~2a’'through wires. The interdigital electrodes 2b are connected with each
other by wiring pat- terns 5, and further connected with the capacitive

el ec- trodes 4 by additional wiring patterns 5, to be provided 25 with
capaci tances. Further, lead termnals 6 are drawn out 10 fromthe
capacitive el ectrodes 4. A practical nmethod which was enpl oyed for formng
the electrodes of the aforenenti oned SAWdevice is now de- scribed. 5 A

pi ezoel ectric substrate 1 consisting of Li TaC3 was prepared first to form
an Al filfadeldu rogeditige #leooodes i$h t hi ckness over one major surface
of the piezoelectric substrate 1 by dual ion Pean&s utterin V\@ri“%e
carrying out A drassicrhieethad wrigheas sy 167t oW HY 191 M T or mi ng

conditions were enployed: Sputtering Iogéﬂsr%nt: 100_ mA, Sputtering lon
1 neof

Energy: 1o @wday fef ofhasat QISR THrR® AT st oh Current: 50

mMA Assistant lon Current Density: 5 mA/cn2 Assistant |on Energy: 300 eV
scribed.

5 A piezoelectric substréte 1 consisting of LiTaO, was
prepared first to form an Al film (electrode film) of 2000 A
in thickness over one major surface of the piezoelectric
substrate 1 by dual ion beam sputtering, while carrying out
ion assistance.

10 At this time, the following film forming conditions
were employed:
Sputtering Ion Current: 100 mA

Sputtering Ion Energy: 1000 eV
Type of Assistant Ions: Ar’

15 Assistant Ion Current: 50 mA
Assistant Ion Current Density: 5 mA/cm?
Assistant Ion Energy: 300 eV
Angle of Incidence of Assistant Ions: 15°
Substrate Temperature: 100°C
20 Film Forming Rate: = 2 A/sec.
Degree of Vacuum in Film Formation: 5 x._].O'5 mmHg
Fig. 1 is a RHEED photograph showing the crystal struc-
ture of the electrode film (epitaxial Al film) which was

formed on the piezoelectric substrate 1 consisting of
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“Angl e of Incidence of Assistant lons: 15 Substrate Tenperature: 100C 20

FilmFormng Rater 2 Alsec. Degre cuum.i irtmFormation: 5 x 10-5
mHg Fig. 1is a RHEED photogréﬁﬁﬁgﬁggziﬁ’fﬁngzigtaI struc- ture of the
electrode film(epitaxial A film which was forned on the piezoelectric
substrate 1 consisting of - 11 LiTa03. Fig. 7 is a drawing for explaining
Fig. 1 and shows surface index of the respective diffraction spots. As
seen fromFig. 7, the crystal is epitaxially grown on the (111) plane. 5
Fig. 2 is a RHEED photograph showi ng the crystal struc- ture of an

el ectrode filmwhich was formed by a conventional nethod with no ion

assi stanceiThb,l s ppger st 09dafdpawEngsfot exrplaithag Fhe- el eandodBovwsi | m
which was obtained by forming a filmof the electrode 10 material on the
pi ezoel eckiirg adebstidale of et hespertritievdidfesatdde fs@ofisng A& K@Y or a
SAW device at prescribed ion energy while carrying out ion assistance, was
an Al fil mrofm( Fid).- or,i eteedtrapitiedxiis oMl thixdigl liyagneyrapretheeféiiy Jsmal |
nunber of crystal defects which was epitaxially grown on the 15 (111)

pl ane, angllaaeé.a superior crystal state as compared with the Al filmwhich
was formed with no ion assistance. It was possible to confir Eﬁg%kthis Al

filmias the fd&idowizngsed RBEED HQtAGTEPHFhadNG (the GFe Sern:

ture of an electrode film which was formed by a conventional
method with no ion assistance.

It is understood from Figs. 1 and 2 that the electrode
film, which was obtained by forming a film of the electrode

10 material on the piezoelectric substrate 1 by the inventive
electrode forming method for a SAW device at prescribed ion
energy while carrying out ion assistance, was an Al film
((111)-oriented epitaxial Al film) having an extremely small
number of crystal defects which was epitaxially grown on the

15 (111) plane, and had a superior crystal state as compared
with the Al film which was formed with no ion assistance.

It was possible to confirm that this Al film has the
following epitaxial relation by analyzing the RHEED pattern:
(111)[101 ]Al/(012)[100]LiTa0,

20 Then, the Al film which was formed over one major
surface of the piezoelectric substrate 1 was worked by
photolithography for forming interdigital electrodes 2a and
2b, grating electrodes 2c, capacitive electrodes 4 and
wiring patterns 5 on the surface of the piezoelectric sub-

25 strate 1 respectively, thereby preparing a sample of the
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(111)[ 1011 A/ (012)[ 100] Li TaO3 20 Then, the Al filmwhich was fornmed over
one maj or surface of the piezoel ectric substrate 1 was worked by

phot ol i t hogr aphy for fornin?:[ﬁféLngLLakﬂﬁﬁﬂnrodes 2a and 2b, grating
el ectrodes 2c, capacitive electrodes 4 and wring patterns 5 on the
surface of the piezoelectric sub 25 strate 1 respectively, thereby
preparing a sanple of the - 12 double-node SAWfilter 7 shown in Fig. 3.
The 50 O transm ssion characteristic of this double- node SAWfilter 7 was
measured to obtain a characteristic curve shown in Fig. 4. Referring to
Fig. 4, the axis of 5 abscissas shows signal freguencies, and the axis of
ordi - naté@subhewsodet 8AWatidtesf 7sEhRUNs1Pa&dPng>t hrough the SAW filter 7.
As shown in Fig. 4, this characteristic curve has a pe k fre gncy of
about 380 Mz, Thiet BOi RseFensmipgienoFhagpEEer 25516504 Bﬁ@ 88§E Frequency.
10 A system shown in Fig. 5 was enpl oyed to ﬁ%aLuate quer . re E?Eance
(stress migdat BN £ddfsLafcupsSoMepRETEGubPeORGEEY SARPPIPEST 72 TR this

system an output signal _of 1 Wfroman.oscil-_l.ator, 11,is —anplified
in a poweFUEHB| FPPEP 1B Fig-t fat nggfﬁénguFﬁuFlﬁé épp%FSda?ggfﬁg SAW

filter 7. Then, an output P(t).of the il bS akRRULEEE Agh -a power
neter 14 8H801§58Fe5#8gst81 8vé|fﬁ88§8§§¥é%f.5§§ g&%pgkggfbthgrpomer net er

14 1s fedng%gé L o1 a288hh348h bF Eﬁbﬂggg 3ase7BEt €¢hrough the SAW
filter 7. As shown in Fig. 4, this characteristic curve has
a peak frequency of about 380 MHz, with insertion loss of
about 2.5 dB at the peak frequency.
10 A system shown in Fig. 5 was employed to evaluate power
resistance (stress migration resistance) of the double-mode
SAW filter 7.
In this system, an output signal of 1 W from an oscil-
lator 11 is power-amplified in a power amplifier 12, so that
15 the output is applied to the SAW filter 7. Then, an output
P(t) of the SAW filter 7 is inputted in a power meter 14 and
subjected to level measurement. An output of the power
meter 14 is fed back to the oscillator 11 through a computer
15, so that the frequency of the applied signal is regularly
20 identical to the peak frequency of the transmission
characteristic. Further, the SAW filter 7 is stored in a
thermostat 13 to be so heated that deterioratién thereof is
accelerated. In the aforementioned evaluation, the
atmosphere temperature was kept at 85°C, to accelerate dete-

25 rioration.
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"15, so that the frequency of the applied signal is regularly 20 identical
t-o the peak frequency of the tranrsm-ssion_characteristic. Further, the SAW

filter 7 is stored in a thernthed that deterioration
thereof is accelerated. In the aforenentioned eval uation, the atnosphere
tenperature was kept at 85C, to accelerate dete- 25 rioration. - 13 The
out put of the power anplifier 12 was set at 1 W(50 Q system) and an
initial output level P(t) = Po was nea- sured, to decide that the SAW
filter 7 reached the end of its life td when the output P(t) reached the
followng level 5 after a | apse of a prescribed tine t: P(t) 2 Po - 1.0
(dB) It was i nflier e tas theifnghee @omeable@nld fdem gt @3hset afe ISBVRY ter 7
reaches the end of its life when the output P(t) is reduced by 1 dB, since
t he out pulp R{ts;teand atnlde ain nmitliGlt carteuded@valll (it relfat ¥éA BRBWN in Fig.
6. Samples A, B, C and D for the above evaluation were prepared by formng
el ect r odesuafed, heos @ve istea pers tortHeh S Al drid HeITHOF eaghad dhes et Afgh t he
following four types of electrode materials (netals): 15 A pur g A + 1

Wt . % Cu eliact Node dfd mivedorbher icarfipatti g t)( ceRrdRd dhe fQldQwisife)lagel
epitaxial pure Al electrode of (111) orientation (conventional electrode)

5 after a lapse of a prescribed time t:

P(t) =2 P, - 1.0 (dB)

It was inferred as being reasonable to estimate that
the SAW filter 7 reaches the end of its life when the output
P(t) is reduced by 1 dB, since the output P(t) and the time

10 t are generally in relation shown in Fig. 6.

Samples A, B, C and D for the above evaluation were
prepared by forming electrodes of the same shapes on the
same LiTaO, substrates through the following four types of
electrode materials (metals):

15 A: pure Al + 1 wt.% Cu electrode of random orientation
(conventional electrode)

B: epitaxial pure'Al electrode of (111]) orientation

(conventional electrode)

C: epitaxial pure Al electrode of (111) orientation
20 (inventive electrode)
D: epitaxial Al + 1 wt.% Cu electrode of (1ll1l) orien-
tation (inventive electrode)
As the result of the experiment, it was confirmed that

the respective samples had the following lives:
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C epitaxial pure Al electrode of (111) orientation 20 (inventive
electrode) D epitaxial Al + 1 w.%Cu electrode of,(111) orien- tation
(inventive electrode) As the result of the experinent, it was confirned
that the respective sanples had the following lives: 14 A not nore than
8 hours B: 1750 hours C. 2800 hours D. at |east 3200 hours 5 It is
understood fromthe above that the life of the sanple.B having electrodes
which were prepared fromthe pure A film oriented along the (111) plane,
by the conventional nethod enploying no ion assistance was about 200 tines
that of the sanple A having conventional electrodes, while the 10 life of
the sanple C havi nghet esdredesamhd chowes e prepared fromthe epitaxial pure
A filmwith ion assistance was about 350 tines, with further remarkable

i nprovenent in Bdurkebb0ilgurst is also understood that the life was further
increased in the sanple D having el ectrodes which were 15 prepared fromthe
epi taxial Al alCoy 2800nhows$sting of Al and Cu as conpared with the
sanpl e C having the el ectrodes which were prepared fromthe epitaxial pure
Al film Wile Bhe aboleaehbdtPPWeM®Uhas been described with reference to

Cu serving as an additive for A, the iti
5 g It is understood from tﬁgdégéyg that the life of the

sample B having electrodes which were prepared from the pure
Al film, oriented along the (111) plane, by the conventional
method employing no ion assistance was about 200 times that
of the sample A having conventional electrodes, while the
10 life of the sample C having electrodes which were prepared
from the epitaxial pure Al film with ion assistance was
about 350 times, with further remarkable improvement in
durabilify. It is also understood that the life was further
increased in the sample D having electrodes which were
15 prepared from the epitaxial Al alloy film consisting of Al
and Cu as compared with the sample C having the electrodes
which were prepared from the epitaxial pure Al film.
While the above embodiment has been described with
reference to Cu serving as an additive for Al, the_additive
20 to be added to Al for attaining the effect of the long life
in the inventive electrode forming method for a SAW device
is not restricted to Cu but a similar efféct dén be attained
also when Ti or Pd is employed as the additive.
While dual ion beam sputtering is employed as the thin

25 film forming method with ion assistance in the aforemen-
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20 to be added to Al for attaining the effect of the long life in the
inventive el ectrode form ng nethod for-a SAWdevice is not restricted to
Cu but a simlar effect can be-attai-ned—alseo—when Ti or Pd is enpl oyed as
the additive. Wile dual ion beam sputtering is enployed as the thin 25
filmformng nmethod with ion assistance in the aforenen 15 tioned

enbodi nent, the thin filmfornmng nethod can alterna- tively be sel ected
from various methods such as vapor - evapo- ration, sputtering, CVD, plasma
CvD, MBE, I1CB and | aser ablation, to attain an effect simlar to that of
the afore- 5 nentioned enbodi nent with ion assistance. The present

i nvent i on tiisnest emimdingnty tdea Hhighdidm &ayaing e &b Gat FH&ET Wi nt s,
but various applications or nodifications can be er | oyed within the scope
of the prdsvedit Henaahawied Hrom tMFuigh's W@tﬁ’ﬂéj& P Has Peen
described and illustrated in detail, it y ers od t hat the
same i s byatEProf SRYHETERT o ihd RAEHA é: 3?%” ]i%gbd dt qt 0 be taken by
way of Ilnltatlon the spirit and e the i ng
limted oBt qqne?%%ﬁﬁ??ﬁ“tqﬂa éﬁ%é%)%ﬁ? cﬁ%fﬁ%ﬁn{c;GW§&%5$QF%?CLAINED

ISgl dlﬁeﬁhg%trbw e{ds:‘t%(m lqneelte%lé}?eisorpfasasl%ggrw acous- tic wave device,

The present invention is not restricted to the above
embodiment also in other points, but various applications or
modifications can be employed within the scope of the pres-
ent invention.

10 Although the present invention has been described and
illustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is not
to be taken by way of limitation, the spirit and scope of
the present invention being limited only by the terms of the

15 appended claims.
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‘5 preparing a piezoel ectric substrate; and forming a filmof an el ectrode
materi al on said piezo- etectric substrate to be orient edin-a-—constant
direction-by a thin filmformng nmethod while carrying-out—ien—assi stance
at prescribed ion energy. 10 2. The electrode form ng nmethod for a surface
acoustic wave device in accordance with claim1l, wherein said film of

said electrode material as being fornmed is oriented so that the (111)
plane is parallel to the substrate surface. 15 3. The el ectrode form ng

nmet hod for a surface acoustic wave device in accordance with claim1l or 2,
wherein said ion assistance is carried out at ion energy of 200 to 1000
eV. 20 4. WHAT dlSdrAaMED ofdi ng net hod for a surface acoustic wave device
in accordance with any of clainms 1'to 3, wherein said ion assistance is
carried out with an assistant ion current of 0.01 to 10.00 mA/cn® in
current density. 25 17 5. The el ectrod forr%egscrgg hod fofr a Sa‘”&?s(,:-e
acoustic wave devidethofd Qf R (Y 1% i SUHYELE Swherei n

?(ZSI stant t!,iocnswaavree erxs'\iocaeg,edsa]:{é)m\ea%holcfac%mgpiesior{g I_l:el'ie |\g_!te!ps A(‘gf:’ Kr and

5 preparing a piezoelectric substrate; and
forming a film of an electrode material on said piezo-
electric substrate to be oriented in a constant direction by
a thin film forming method while carrying out ion assistance
at prescribed ion energy.
10
2. The electrode forming method for a surface acoustic
wave device in accordance with claim 1, wherein said film of
said electrode material as being formed is oriented so that
the (111) plane is parallel to the substrate surface.
15
3. The electrode forming method for a surface acoustic
wave device in accordance with claim 1 or 2, wherein said
ion assistance is carried out at ion energy of 200 to 1000
ev.

20

4. The electrode forming method for a surface acoustic
wave device in accordance with any of claims lito 3, wherein
said ion assistance is carried out with an assistant ion
current of 0.01 to 10.00 mA/cm? in current density.

25



5 6. The electrode formng nethod for a surface acoustic __wave device in
accordance with any of clains 1 to 5 wherein said-assistant ions are

i nci dent upon sai d subst angle in the range of 0 to 600 with
respect to a nor of a surface of said substrate. 7. The

el ectrode formng nmethod for a surface acoustic wave device in accordance
with any of clains 1 to 6, wherein a filmformng rate is 0.1 to 50 A/sec.
15 8. The el ectrode form ng nmethod for a surface acoustic wave device in
accordance with any of clains 1'to 7, wherein a substrate heating
tenperature in filmformation is O to 400C. 20 9. The el ectrode form ng
met hod for a suif adhe@hetirodeiRrHalg e thPd 5 d‘:‘drﬁ‘ér%cc% IHRIDFC ai ns
|.to 8, wherein a degree of vacuumin filmformation is not, mre than 10-3
mHg. 25 wane deyicehelb|ARIFTRNGD WA Y IR %m&ss rfAck IR ¢
wave device in accordance with any of clains 1 to 9, wherein said

el ect r ode amgisgtant &ons mul PTRRATRA £FAL At ARy P H&tr M8t ure such
as Al, or a netal having a 5 face centered cubic structure containing an
additive. Ar', Kr' and Xe'.

5
6. The electrode formiﬁg method for a surface acoustic
wave device in accordance with any of claims 1 to 5, wherein
said assistant ions are incident upon said substrate at an
angle in the range of 0 to 60° with respect to a normal line
10 of a surface of said substrate.
7. The electrode forming method for a surface acoustic
wave device in accordance with any of claims 1 to 6, wherein
a film forming rate is 0.1 to 50 A/sec.
15
8. The electrode forming method for a surface acoustic
wave device in accordance with any of claims 1 to 7, wherein
a substrate heating temperature in film formation is O to
400°C.
20
9. The electrode forming method for a surface acoustic
wave device in accordance with any of claims 1 to 8, wherein
a degree of vacuum in film formation is not more than 107
mmHg.
25
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" 11. The el ectrode forning nethod for a surface

acoustic wave device in

accordance with claim 10, - id additive is at |east one—of—Tr,
and Pd, and added in 10 an anount o X .0 percent by weight—3127 The

el ectrode form ng nethod for a surface
with any of clains 1 to

of at 15 |l east one of rock crystal, LiTaG3, LiNoG3, Li2B407 and ZnO 19

10

15

10. The electrode forming method for a surface
acoustic wave device in accordance with any of claims 1 to
9, wherein said electrode material is a metal having a face
centered cubic structure such as Al, or a metal having a

face centered cubic structure containing an additive.

11. The electrode forming method for a surface
acoustic wave device in accordance with claim 10, wherein
said additive is at least one of Ti, Cu and Pd, and added in

an amount of 0.1 to 5.0 percent by weight.

12. The electrode forming method for a surface
acoustic wave device in accordance with any of claims 1 to

11, wherein said piezoelectric substrate consists of at

least one of rock crystal, LiTaO,, LiNbO,, Li,B,0, and ZnO.

_ _acoystic wave device in accordance
11, wherein said piezoelectric substrate consists



