1 TITLE OF THE | NVENTI ON El ectrode Form ng Method for Surface Acoustic Wave
- Device BACKGROUND OF THE I NVENTION Field of the Invention The present
‘invention relates to an electrode formng nethod for a surface acoustic
wave device (hereinafter re- ferred to as a SAWdevice), and rmr‘ell AUG 700
particularly, it re- lates to a nethod of form ng el ectrodes on'a
pi ezoel ectric substrate structuring a SAWdevice through a thin film
form ng nethod. Description of the Background Art A SAWdevice utilizing a
surface acoustic wave, which 1is generally structured by form ng an
i nterdigital transduc- er nmade of conb el ectrodes and grating el ectrodes of
nmetal strips on a surface of a substrate having piezoelectricity, is
wi dely apmiTEEl 0P BPHEeIRVESTDONT ecei ver or a video tape recorder. A
material for formng the electrodes of such a SAWdevice is generally
prepared fromBlectnode (PbIning diethadi fyri SutfiscéohavostaaoWphieus
polycrystalline Al. Further, the SAWdevice is wdely applied to a trans-
m ssi on/ Meceice Nng el enent or a resonator for a high frequen- cy donmain in
recent years, and expected as a filter for a radio frequency band pass
filter ofBACKERQEND cOOeTVHEeINGENTION
Field of the Invention
The present inventicon 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
substrate structuring a SAW device through a thin film
forming method.
Description of the Background Art
A SAW device utilizing a surface acoustic wave, which
is generally structured by forming an interdigital transduc-
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-
narily in the form of amorphous polycrystalline Al.
Further, the SAW device is widely applied to a trans-
mission/receiving element or a rescnator for éihigh frequen-
¢y domain in recent years, and expected as a filter for a

radio frequency band pass filter of a portable device for

mobile communication, for the purpose of miniaturization and



.nobi | e communi cation, for the purpose of mniaturization and 1 4 AUG 2003 2
wei ght reduction. Such a SAWdevice is used at a | ow applied power |evel

of about 1 mWwhen the sane is applied to a television receiver| bAY@200§deo
tape recorder, while a high voltage level signal is applied to a SAW"~
device which is enployed for nobile conmunication, particularly for the
purpose of transm ssion. For exanple, extrenely high power of about 20 nW
is applied to a SAWfilter for a cordiess tel ephone (The 14th Synposi um
with respect to the fundanentals and applica- tions of ultrasonic

el ectroni cs on Decenber 9, 1993 held in Japan). Therefore, high stress
which is gaugad Byuadctyhace acoustic wave is applied to the el ectrodes
(Al electrodés), to result in mgration in the electrodes. Such mgration

resul ting fromsgthess sy aaklied %gr%%§dnh&rathea-agphaed853%§§ Tegkgt i on
causes el ectrical shorting, increase in insertion [oss and reduction in

quality faetapboah Lhawr ¢hen AMOLankeeadi BRph@echeduChi @R1ERiRELHOr mance of
the SAWde- vice. In order to solve this problem there has been proposed

a SAW devieeeeiBloping dsded eheet kedermBier kahlanafhibhl Ro1@egan Al all oy
(e.g., Al-Cu alloy) filmwhose (111) plane is parallel to the substrate

surface apdvehesaghant asi appaied tosal $AlN] sbdapanqnechRatentmpayied- Open No.
5-183373 (1993)).
for mobile communication, particularly for the purpose of
transmission. For example, extremely high power of about 20

. mW is applied to a SAW filter for a cordless telephone (The
14th Symposium with respect to the fundamentals and applica-
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
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
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 oriéﬁtation axis
is [111] (Japanese Patent Laying-Open No. 5-183373 (1993)).

In the aforementicned Al film oxr Al alloy film whose

(111) plane is parallel to the substrate surface, however,



In the aforenentioned Al filmor A alloy filmwhose (111) plane is
parallel to the substrate surface, however, 14 AU5 2003 resi stance agai nst
stress mgration is inproved but this effect is not necessarily 2003
sufficient. Under the present circunstances, therefore, awaited 1ilSAQ[h
el ectrode form ng nethod which enables formation of el ectrodes having
hi gher resistance against stress mgration. SUMVARY OF THE | NVENTION I n
order to solve the aforenentioned probl em an object of the present
invention is to provide an electrode formng nethod for a SAWdevi ce which
enabl es formation of elec- trodes exhibiting excellent stress mgration
resi st ancee s sttenadeag il bt poreess smagpatednt her emprovedobder thdsattai n t he
af orenenti oned object, the inventors have nade various studies on stress
m gr at i orefifecte| extmotesecessariby esuf hatianhunbéndef theegueaenties in
crystal structure are caused when substrate crystals and netal crystals
r emar kablgimishstaniesd), etlobreofbee, tawattedtisi ansetestraidgr foromaAngaused by
surface acoustic waves in the conventional Al filmwhose crystal
ori ent at inethed adhoihgh témablag 1fophaheon aptl ebeletfodenchaekpar haghes and
studies, to conplete the present invention. The inventive el ectrode
form ng masictdnre AaGNMIEVFEERSBONPITaEEORhe steps of preparing a
pi ezoel ectric substrate, and formng a filmof an electrode material on
the pi ezSUMMARY OF THE INVENTION -
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 steps 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



el ectric substrate to be oriented in a constant direction by a thin film
formng nethod while carrying out ion assistance ~ 14 AUG 7993 0 0 4 at
prescribed ion energy. The thin filmform ng nethod can be selec dhﬁﬁriﬂﬁ?
vari ous nethods such as sputtering, IBS (ion beam sputtering), CV ~
(chem cal vapor deposition), plasma CVvD, MBE (nol ecul ar beam epitaxy), 1CB
(ionized cluster beam and | aser ablation, while the nethod is not
restricted to these but can be inplenmented by a further nethod. It is
possible to forman epitaxial filmhgaving an extremely small nunber of
crystal defects by formng a film of the electrode material on the
pi ezoel ectric substrate.to be crystallographically oriented in.a constant
di recti ot LT ih@noﬁ?ef%ﬁ'asﬁ?%tgaﬁg #hﬁg ¥?¥ﬂ*?%rﬁ$ﬁ@ogr8%ass
enpl oyi ng_an bitr r¥ thiQ filmfor 'q? neﬁgﬁd as he£géninabo¥§8described,
Lhor oby 7 AP ETEXt | EalsPRELPY BEarTor = atr 4bi FREGCGhi 2o af 25 excel I ont
In stress, mgration resjs-.tance..in the inventive e+ectro e form ng nethod
for a SAchH'g\)?PC@,' ?%‘é%??ﬁ?%?'t \ébei %’E‘?%%%ﬁ‘é?%?ﬁ e%cs’s%o%?r%g' prefer-
ably is or'entec{.:é thg% Lhe %11 lane of.the filmis, .par el to the
subst r at @]Is?ﬁ"i’aac ‘?IS)T Orok nE"Ph ?%%mgﬁgb?ae%s%%lzéax o b o1 8RE 2L

cluster beam) and laser ablation, while the method is not

restricted to these but can be implemented by a further

method.
. It is possible to form an epitaxial film having an
extremely small number of crystal defects by forming a f£ilm
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
employing an arbitrary thin film forming method as herein-
above described, thereby forming electrodes having superior
durability which are excellent in stress migration resis-
tance.

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

ing stress migration resistance. Further, as there is no



. Electrodes having (111) orientation are cl osest packing |ayers having no
irregularities of atomc arrangenent in the el ectrode planes. Thus, it is
possible to uniformy dis- perse stress as applied over the el ectrodgs,
thereby inprov- ing stress migration resistance. Further, as therél'i@ﬁnwm’l
4 AUG 2903 5 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 energy gf 200 to 1000 eV. It is inpossible
to supply sufficient energy to the netal atons if the ion energy is |ess

th 200 i f - ' . : less
than 200" g, Ul | 6oaRsoEl B0k ohySPUILEE! B0 §BECTEL Ak, 2LaFE quickbcassi stan

excessively fncreased tha o) rowth” s attained if the

energy exgeeds QQQQisYE_EHrkeseragnerhghg%§§g§%gggguﬁzfgggﬁera@kxucarried

out wth an assistant ion current o in current

density. éioﬁsiﬁn@ﬂéS&P&gt%ﬁeﬁaeﬂaxr§e§fsﬁheeheeefggxaiod&hsctgetal at ons

if the current density © assistant current 1S less than 0.01 mA cn®,

while the effepheofoaPHbbestafctnes B?é@éréb@%scﬁkfheﬁh6uﬁs§%Siéﬂt ions is
so excessively in- creased that no firimgrowh is attained if the current

density exgeegs 48. 900mbbenBoo ev.
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
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 density.

It is impossible to supply sufficient energy to the
metal atoms if the current density of the assistant current
is less than 0.01 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?2.

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 ioﬁiassistance
effect by employing such assistant ions, thereby reliably
forming an epitaxial film having an extremely small number

of crystal defects. Further, since the assist ions are ions



Further, the assistant ions are preferably prepared fromat |east one of
He', Ne', Ar', Kr' and Xe . It is possible to attain a sufficient ion
assi stance effect by enploying such assistant ions, thereby reli abli AUG 2003
formng an epitaxial filmhaving an extrenely small nunber of cryst H'
defects. Further, since the assist ions are ions 14 AUG 2003 6 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 O tg) 60 to a normal line with re- spect
to the substrate surface. If the angle of incidence is out of this range,
It Is 1nmposinbire gasekfs,cittialyl yasuprioyidec ey rgy thHehmettalrealcamg It 1S
preferable to set the filmformng rate in the range of 0.1 to 50 Alsec.
The net al watbnthei gaedednttdgaovs| ptoosdemss itsdiogusbe cupsttalatgr.ai n growt h
if the filmformng rate is not nore than 0.1 Alsec., while the filmis
di sadvant ageouthy peshsdanfefions e predfleratdys iacddeadulugony ther anged. A
substrate heating tenperature in filmformation is preferably 0 to 400C,
si nce propebshrgtat pdnasf apgdenetal tat 6FE to Befoirmed dAaneh&idtbIerat e

surface for epitaxial O growh. Further, the filmformation is preferably
carri ed ogpect to the substrate surface.

If the angle 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.

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
preferably 0 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
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 cubic structure such as Al, or
a metal having a face centered cubic structure and contain-

ing an additive, due to the closest structure along the




- at a degree of vacuum of not nore than 10"3 nmHg, so that no residual gas
Is incorporated in the filmto irregularize the crystal structure. The

el ectrode material is preferably prepared froma netal having a f3deAub 2003
centered cubic structure such as Al, or a netal having a face centered
cubic structure and contain- ing an additive, due to the closest structure
along the 1 4 AUG 2003 7 (111) plane. It is possible to prepare the netal
having a face centered cubic structure fromAg, Au or Ni, in place of A .
The additive is preferably prepared gron1at | east one of Ti, Cu and Pd,
with an amount in the range of 0.1 to 5.0 percent by weight. It is

possi bl e {o1fyr phahel. MPIQVE sSHHRSS pTLIRR! LB pakeSkpkanetaly naddingd sat | east
one of Ti, Cu and Pd. Howev- er, the effect of addition is hardly

recogni zegdakk tbatezBBUBLLAE ERirtcadeet ifvem 89l eas bRani0. inppnceet Jay
weight, while resistivity is increased if the anbunt exceeds 5.0 percent
by wei ghtaiThus, the additive is preferably added in the range of 0.1 to
5.0 percent by weight. The piezoelectric substrate is preferably formed by
a substrate coOhsi stidhgiok at beasbrabéyobrgpared EirdaCdt leialltOdneli 2B407
and ZnQ, since the density of the oxygen atom is high on the surface of
t he crystaf, Tpar €ucehdr Pg, qwath, an amount in the range of 0.1 to 5.0
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
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 range of 0.1 to 5.0 percent by weight.

The piezoelectric substrate is preferably formed by a
substrate consisting of at least one of gquart, LiTaO,,

LiNbO,, Li,B,0, and Zn0O, since the density of the oxygen atom
is high on the surface of the crystal, particularly quart,

LiTa0, and LiNbO, has the closest packing structure, so that
the effects due to the atom arrangements of the substrate is
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

ion assistance at prescribed energy in a film forming pro-




Li TaO3 and Li NoG3 has the closest packing structure, so that the effects
due to the atom arrangenents of the substrate is readily given to ﬁg
netal atons. In the inventive el ectrode formng nethod for a SAWS & ﬁgl,
as herei nabove described, a filmof the electrode material is fornmed on
the piezoelectric substrate to be crystallographically oriented in a
constant direction with 1ion assistance at prescribed energy in a film
formng pro 1 4 AUG 2003 8 cess enpl@ying an arbitrary thin filmformng
met hod, where- by it is possible to forman epitaxial filmhaving an ex-
tremely small nunber of crystal defects thereby formng electrodes which
are excel t@ps enpibyeag Bhghabiararesithint dnte. fBumtihegr metthede!l eteredes
whi ch are forned by the inven- tive nmethod are excellent in

el ectroni gyaitonsr pesstiblee tandorithannebistakilli tfy las haelingasnweslabi [ ity
in wet etching, due to the extrenely small nunber of crystal defects.
Furt her, anemaler Emedlbsuwbem bliecsybsbilatie fandst herebgctfogddngfilm is
extrenely stabilized and forms no alloy, whereby it is possible to prevent
reduct i onebéctesidssanbéch( BRp asceddenliceisl etresgegigiratiba @lesdsrode
form ng nethod for a SAWdevice ac- cording to the present invention,
further, tange.possible to obtain an epitaxial filmalso when the msfit

bet ween t he )
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.

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) across the electrodes.

In the electrode forming method for a SAW device ac-
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.

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, whereby it is possi-
ble to further improve stress migration resistance by adding
the additive in a sufficient ratio.

According to the inventive electrode forming method for



O substrate crystals and the netal filmcrystals are at least 20 % due to
the enpl oynent of the ion assistance in the filmformng process. In
addition, an epitaxial filmhaving an extrenely small nunber of qrwﬁm&ﬂmﬁ
defects can be obtained also when the ratio of the additive is increased,
whereby it is possi- ble to further inprove stress mgration resistance by
adding the additive in a sufficientgratio. According to the inventive

el ectrode formng nmethod for 1 4 AU 1003 9 a SAWdevice, further, it is
possible to formelectrodes at a |ow tenperature, thereby reducing damage
(waf er danmage) on the piezoelectric substrate in formation of the

el ectrodes.gaineade18801 Per8Rdr Ot Peri obpesLish1d epbUEESm AsREELESd88at
advant ages of the present invention will becone nore appar- ent fromthe

fol I owi ngy dﬁé@i{&dﬂéﬂéﬁﬁw! | e Béb{ NEeBLEEEHt danayENt &P WNESMAGK BNoh N
conjunction with the acconpanying draw ngs. BRI EF DESCRI PTI ON OF THE

DRAW NGS #ig. pileiSe BeREED ohiosopst@hishovingribe 6f yshal ebécucodésre of a
(111)--oriented epitaxial Al film(epitaxial Al film forned on an Li Ta(G3

substrate by armethofegcchyding dohebExabpeetof fostpresentispavestaond; Fig.
2 is a RHEED phot ograph showi ng the crystal struc- ture of a (111)-oriented
epi t axi alad¥ardtiddges oo frethdypeesent invention will become more appar-

ent from the following detailed description of the present

invention when taken in conjunction with the accompanying
. drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a RHEED photograph showing the crystal struc-

ture of a (lll)-oriented epitaxial Al film (epitaxial Al

film) formed on an LiTa0, substrate by a method according to
Example of the present invention;

Fig. 2 is a RHEED photograph showing the crystal struc-
ture of a (1ll)-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;

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

stress migration resistance evaluation system; and



. conventional method enploying no ion assistance; Fig. 3 is a plan view
showi ng a SAW devi ce (doubl e-nobde surface acoustic wave filter) havi %

el ectrodes forned by the inventive electrode form ng nethod for &1§&&/Um

device; Fig. 4 illustrates a 50 S2 transm ssion characteristic of a

doubl e-node surface acoustic wave filter having elec- trodes formed by the

I nventive electrode formng nethod for a SAWdevice; Fig. 5 schematically

illustrates the structure of a strdds migration resistance eval uation

system and 1 4 AUG 2003 10 Fig. 6 is a diagramfor illustrating a nethod

of decid- ing the life of a SAWfilter fromits output. Fig. 7 is a draw ng

for explainingrfgg. 6l i3nd ahaYeamsebtace1hLodex+9hgt Hemb8RBACHEVBecid-
diffraction spots. DESCRI PTI OF THE PREFERRED %NBCDINENTS An enbodi ment

of the presgnthényeséi 6f hSSARWHEEEri beOm tesexptpie.the feature of the
present invention in detail. Fig_3is a plan view show ng a SAW devi ce

(doubl e-nmode Bugf azeigcauathwingveoti bikplaidingving. el eshaodaswwhi ch are
formed by the inventive electrode form ng nmethod. In the doubl e-node SAW

filter 7 showgcénikb@x 3f 8neVEELhEALi DAl 81 Pkrhptehfli ghbak . el ectrodes 2a
are formed on a central portion of a surface of a piezoelectric substrate

1, whil epigtef st gbkiabreraet PREPERRBD 2EMROOTMELTEN both sides

An embodiment of the present invention is now described

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
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 portion of a surface of a piezoelectric substrate 1,
while interdigital electrodes 2b are formed on both sides
therecf respectively. Further, grating electrodes (reflec-
tors) 2c are provided on both sides of the interdigital

. electrodes 2b respectively.

OQutside the grating electrodes 2c, capacitive elec-
trodes 4 having comb shapes are formed on intermediate
portions. Further, lead terminals 3 are drawn out from the
interdigital electrodes 2a through wires. The interdigital
electrodes 2Zb are connected with each other bjiwiring pat-
terns 5, and further connected with the capacitive elec-
trodes 4 by additional wiring patterns 5, to be provided

with capacitances. Further, lead terminals 6 are drawn out



t hereof respectively. Further, grating electrodes (reflec- tors) 2c are
provi ded on both sides of the interdigital electrodes 2b respecti qﬂ% 2003
Qutside the grating electrodes 2c, capacitive elec- trodes 4 haviné C W%
shapes are formed on internmediate portions. Further, lead termnals 3 are
drawn out fromthe interdigital electrodes 2a through wires. The
interdigital electrodes 2b are bnnected with each other by wring pat-
terns 5, and further connected with the capacitive elec- trodes 4 by
additional wring patterns 5, to be provided wth capacitances. Further,

| ead termnals 6 are drawn out 1 4 AUG 2003 11 fromthe capacitive

el ect r odesoh. thepaghiciali veeehed tebidels was enpl oyed for formng the
el ectrodes of the aforenenti oned SAW device is now de- scribed. A

pi ezoel ect ri ¢ Asghaicrtdica 11 neahsids whigholvaki Eafl owes Fopr éparmachaf ith&t to form
an Al film((electrode filnm of 2000 A in thickness over one mmjor surface
of the peézoghecdes of shiestrfareménity cdedl SAWNdesdmespst new dg- whil e
carrying out ion assistance. At this tinme, the following filmformng
condi ti ossriweds enpl oyed: Sputtering lon Current: 100 mA
A piezoelectric substrate 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.
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'

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
Film Forming Rate: 2 A/sec.
Degree of Vacuum in Film Formation: 5 x 107° 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



- Sputtering lon Energy: 1000 eV Type of Assistant lons: Ar' Assistant |lon
Current: 50 mA Assistant lon Current Density: 5 mA/cn2 Assistant |on
Energy: 300 eV Angle of Incidence of Assistant lons: 15 Substrat qFL PUB 003
Tenperature: 100C Film Form ng Rate: 2 A/sec. Degree of Vacuumin Film
Formation: 5 x 10-5 nmmHg Fig. 1 is a RHEED phot ograph showi ng the crystal
struc- ture of the electrode film(epitaxial Al film which was forned on
t he piezoelectric substrate 1 consisgipng of 1 4 AN 2003 12 0 O Li Ta03. Fig.
7 is a dramng for explaining Fig. 1 and shows surface index of the
respective diffraction spots. As seen fromFig. 7, the crystal is

the oryot HT80F e R & of ah B RHIE At (PG E T or hed Ry SR0vE oW N0

convent o8ak B! UABeYLLY Phel PEgEBShILATGEpe helTclndbEstood b giLfl o2 1

el ectrodes, gRt gf jal 70nfBecp, 728! §61 LpEcaURY 19! §rduhlY hNRHENYERYVE
plane.

Fig. 2 is a RHEED photograph showing the crystal struc-
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
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
({lll)-oriented epitaxial Al film) having an extremely small
number of crystal defects which was epitaxially grown on the
{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 ]ALl/(012)[100]LiTa0,

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-

strate 1 respectively, thereby preparing a sample of the



el ectrode form ng nethod for a SAWdevice at prescribed ion energy wile
carrying out ion assistance, was an Al film ((111)-oriented epitaxial Al
film having an extrenely small nunber of crystal defects which was
epitaxially grown on the (111) plane, and had a superior crystal‘létﬂé)ﬁelﬂﬂis
conpared with the Al filmwhich was formed with no ion assistance. It was
possible to confirmthat this Al figkmhas the follow ng epitaxial relation
by anal yzing the RHEED pattern: (111)[101]Al/(012)[100]Li Ta03 Then, the
Al filmwhich was forned over one mgjor surface of the piezoelectric
substrate 1 was worked by photolithography for formng interdigital

el ectr odeso gt @NfodLbsAlr 811 P8 ey eshéRdesn 2eigcapaci tive el ectrodes 4 and
wiring patterns 5 on the surface of the piezoelectric sub- strate 1

respectively, thersdpyaptLpashgs dosadhhfadtet hetie boANRDO3Ad3pHeubI e- node
SAWTfilter 7 shown in Fig. 3. The 50 S2 transm ssion characteristic of this

doubl e- rstee SAMM T F11 €6x 77 W8S @SS £6d t fo 0blh 84 1n aa CliasBet BEL S6tLc curve
shown in Fig. 4. Referring to Fig. 4, the axis of abscissas shows signal

frequenci@srvanghdiie i Bigf o1 di Refd@t£5nghBWSFAGt ehuatheonagissofnal s
passi ng through the SAW filter 7. As shown in Fig. 4, this characteristic
curve hasabscieaks fsleouensygndl aboequdBOidsiz, and tthe neeisi ©fi dods-of about
2.5 dB at the peak frequency.

nates shows attenuation of signals passing through 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.

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
the ocutput 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 freqguency of the applied signal is regularly
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 deterioration thereof is
accelerated. In the aforementioned evaluation, the

atmosphere temperature was kept at 85°C, to accelerate dete-

rioration.



A system shown in Fig. 5 was enployed to eval uate power resistance (stress
m gration resistance) of the doubl e-nbde SAWTfilter 7. In this syfg ng&@ﬁ
output signal of 1 Wfroman oscil- lator 11 is power-anplified in %W r

anplifier 12, so that the output is applied to the SAWfilter 7. Then, an

output P(t) of the SAWfilter 7 isdh?putted in a power neter 14 and O

subjected to | evel nmeasurenent- An put of the power neter 14 is fed back
to the oscillator 11 through a conputer 15, so that the frequency of the
applied signal is regularly identical to the peak frequency of the

transm ssion characteristic. Further, the SAWfilter 7 is stored in a

thermostat 13 &Hebsuégu@eeke@hgha&wgftQ&F95§&gen1§h@5§0§eksataQCﬁl@S@ted-
In the af orementioned eval uation, the atnosphere tenperature was kept at

85C, I d ' Lon. 14 AUS 203 h h
a1t AEREIRGCSR! TR OToodfafl 088 BT P e VS, B
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reasonabl € tTo 85fi rat & er réache e en Itslife
when the QP%QPta lapse 0of a prescribed time xr:

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
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 LiTaQO, substrates through the following four types of
electrode materials (metals):

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

" B: epitaxial pure Al electrode of (111) crientation

(conventional electrode)

C: epitaxial pure Al electrode of (lll) corientation
(inventive electrode)

D: epitaxial Al + 1 wt.% Cu electrode of (111) orien-
tation (inventive electrode)

As the result of the experiment, it was confirmed that

the respective samples had the following lives:



P(t) is reduced by 1 dB, since the output P(t) and the tine t are
generally in relation shown in Fig. 6. Sanples A, B, C and D for the above
eval uation were prepared by form ng el ectrodes of the sane shapeq ORI 1163
sanme Li Ta03 substrates through the follow ng four types of electrode
materials (netals): A: pure Al + 1 wt.% Cu el ectrode of random orientation
(conventional electrode) O B: epitaxial pure A electrode of (111)

ori entation (conventional electrode)i& epitaxial pure A electrode of
(111) orientation (inventive electrode) D epitaxial Al + 1 wt.% Cu

el ectrode of (111) orien- tation (inventive electrode) As the result of the
experinment, it _was _cqnfir t ha t he respective sanples had the foll ow ng
lives: 1 4 AUGZ"zoos‘“’(i‘s"t‘x’rrgad‘r‘]1 ! #Drhgutrﬁan 8 hours B: 1750 hours C 2800
hours D at least 3 it is understood fromthe above that the life
of the sanple B having €l'éctrodes which were prepared fromthe pure Al

film orienteda~al ongd¢dLl) plane, by the conventional

D: at least 3200 hours

It is understood from the above 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
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
durability. It is also understood that the life was further
increased in the sample D having electrodes which were
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
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 effect één be attained
alsc when Ti or Pd is employed as the additive.

While dual ion beam sputtering is employed as the thin

film forming method with ion assistance in the aforemen-



met hod enpl oyi ng no ion assistance was about 200 tines that of the sanple
A havi ng conventional electrodes, while the Ilife of the sanple C having

el ectrodes which were prepared fromthe epitaxial pure Al film vy ayb o83
assi stance was about 350 times, with further remarkable inprovenent in
durability. It is also understood that the life was further increased in
the sanple D having el ectrodes which were prepared fromthe epitaxial A
alloy filmconsisting of Al and Cu as conpared with the sanple C having
the el ectrodes which were prepared %gon1the epitaxial pure Al film Wile
t he above enbodi nent has been described with reference to Cu serving as an

addi tive fiorla diSoddibityechd ouiben atied Forfind dedlsql hitat borgll ect

of the long life in the i nventive el ectrode form ng nethod for a SAW

device i scifAl1y 65d rs€168td® FodWadi Shdn méfh&ié e&licit adls Deagbt 2bP&go - al so

when Ti or Pd is enployed as the additive. | e dual ion beam sputtering

i's enpl oyesh@sod hespdt ferihd M @5 M Bk swd F@@bwmm; | ofcRsshet BasEri n the
aforemen 1 4 AUG 2003 0 16 tioned enbodi ment, the thin filmform ng nmethod

can alternmldtishy €8 Set&Ld esh T4 OFearé DHEL SEtHo deh StIChE aghe apPsrevapo-
ration, sputtering, CVD, plasnma CVD, MBE, ICB and |aser ablation, to

attain an nefifeoinesd nehbodimedrbatiti ide adoretament i oned enbodi ment with
I on assl st ance.
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.
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

appended claims.



The present invention is not restricted to the above enbodinment also in

ot her points, but various applications or nodifications can be enpl oyed

wi thin the scope of the pres- ent invention. Al though the present i hoeibi 9%
has been described and illustrated in detail, it is clearly understood
that the same is by way of illustration and exanple only and is not to be
taken by way of limtation, the spirit and scope of the present invention
being limted only by the terns of thg appended clainms. 0 1 4 AUG 2003 17
CLAIMS 1. A nethod of formng electro ds of a surface acoustic wave

devi ce, said nethod conprising the of preparing a piezoelectric
substrate; and form ng an epitaxial of an electrode material on a
surface of said piezoelectric substrate such that a (111) plane of the
epitaxial fjlmis oriepnted so as to be substantiall arallel to said
surface of éé?ed:hﬁfiefte T eZﬁB%W(%tse Ogyaa%ureép‘_’fcteaéf:%m’fﬁ N2 I m formng

nmet hod ile simul.taneogus|y carr %§sistance at an ion energy.

| . L
2. The eP8¥tFud&EFSr T OW851¥%%?5%%UF%§€% %cdustic wave device in

accordance with claim1l, wherein ﬁgid ion gﬁgistance is carried out at ion

energy oPTERRYINS PoBHSERFLECTric substrate;

forming an epitaxial film of an electrode material‘pn a surface
of said piezoelectric substrate such that a (111) plane of the
epitaxial film is oriented so as to be substantially parallel to

.* said surface of said piezoelectric substrate by an epitaxial thin
film forming method while simultaneously carrying out ion

agsistance at an ion energy.

2. The electrode forming method for a surface acoustic wave
device in accordance with claim 1, wherein said ion assistance is

carried out at ion energy of 200 to 1000 eV.

.} 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 with an assistant ion current of 0.01

to 10.00 mA/cm® in current density.



3. The electrode form ng nethod for a surface acoustic wave device in
accordance wwth claim1 or 2, wherein said ion assistance is carried out
with an assistant ion current of 0.01 to 10.00 mAcnR in current deasiyéyzo03
1 4 AUG 7003 18 4. The electrode form ng nethod for a surface acoustic wave
device in accordance with any of clainms 1 to 3, wherein assistant ions are
prepared fromat |east one of He+, Ne' , Ar+, Kr~ and Xe' . 5. The el ectrode
form ng nethod for a surface acoustic wave device in accordance with any
of clains 1 to 4, wherein said assist!&nt ions are incident upon said
substrate at an angle in the range of 0 to 600 with respect to a nornal
line of a surface of said substrate. 6. The electrode form ng nethod for a
surface acoustic wave *' device in accordance with any of clainms 3 to 5,
wher ei n 4 -f Then ¢kaqrrpger fpening gethed By A suefage appusEiectdWde forni ng
met hod for a surface acoustic wave device in accordance wth any of clains
1 to 6, WEELEFnim acseBIEREE ' itdatrHgCt cFdMat ire®ith MPERFEBIIRRYSGA™Fs 0 to
400C. 8. The electrode formng nmethod for a surface acoustic wave device

i n accor d@REeak trepayesf LEPhiats 18266 e WheF8 N Ng dégr e&F PvERuum i n
filmformation is not nore than 10-3 mHg. 1 4 AUG 2003 19

5. The electrode forming method for a surface acoustic wave

device in accordance with any of claims 1 to 4, 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 of a surface

of said substrate.

6. The electrocde forming method for a surface acoustic wave
device in accordance with any of claims 1 to 5, wherein a film

forming rate is 0.1 to 50 A/sec.

.a 7. The electrode forming method for a surface acoustic wave
device in accordance with any of claims 1 to 6, wherein a

substrate heating temperature in film formation is 0 to 400°C.

8. The electrode forming method for a surface acoustic wave
device in accordance with any of claims 1 to 7, wherein a degree

of vacuum in film formation is not more than 107° mmHg.



9. The electrode form ng nethod for a surface acoustic wave device in
accordance with any of clains 1 to 8, wherein said electrode materi

nmetal having a face centered cubic structure such as Al, or a nethﬁhwﬁdfﬁg
a face centered cubic structure containing an additive. 10. The el ectrode
form ng nethod for a surface acoustic wave device in accordance with claim
9, wherein said additive is at |east one of Ti, Cu and Pd, and added in an
anount of 0.1 to 5.0 percent by weight. 11. The el ectrode form ng nethod
for a surface acoustic wave device ini%ccordance with any of claims 1 to
10, wherein said piezoelectric substrate consists of at |east one of rock
crystal, LiTaQ3, LiNoG3, Li2B407 and ZnO. O

9. The electrode forming method for a surface acoustic wave
device in accordance with any of claims 1 to 8, 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.

. 10. The electrode forming method for a surface acoustic wave
device in accordance with claim 9, wherein said additive is at
least one of Ti, Cu and P4, and added in an amount of 0.1 to 5.0

percent by weight.

11. The electrode forming method for a surface acoustic wave
device in accordance with any of claims 1 to 10, wherein said
piezoelectric substrate consists of at least one of rock crystal,

LiT303, LiNbO3, LiquO-;r and Zno.



