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METHOD OF MANUFACTURI NG SURFACE WAVE' ELEMENT BACKGROUND OF THE | NVENTI ON
Field of the Invention The present invention relates to a e ThiOShe& Has Been Repiaced
Manfacturing a surface wave 5 _ element with a nitride film or

being formed on an alum num (Al') electrode filmcoated on a SL‘MW HHHIHII,
el enent substrate. A surface wave elenent |Is used for an el ect

-apparatus.such as filter, resonator or thé-like. There are problens which
ari se with conventional hermetic: ‘type surface wave

METHOD OF MANUFACTURING SURFACE WAVE ELEMENT

WM
Fiel of the Invention |
The present invention reletes to a method of mamufacturing a surface wave
5  element with a nitride film or oxide film being formed on an aluminum (Al) electrode
film coated on a surface wave element substeate. A surface wave element is used for
an electronic apparatus such as filter, resonator or the like. |

Descrintion of the Related Art

_ There are broblem which arisc with conventional hermetic type surface wave -

10 elements in that 1) a poor insulating resistance (IR) will result when using metal
powders due to the plating formed thereby peeling off a back surface of a metallic cap
'housmg a surface wave element; 2) a poor insulating resistance (IR) will occur from - ‘
flying metallic particles when welding a metallic cap to a base; and 3) an Al-IDT
(Interdigital Transducer) electrode corrodes away during diexng, paructdarly. if its
15 substrate is made of LiTaQ; or LiNbOQ;. '

The solutions conventionally taken in connection with the above-mentioned
problems are to apply a resin onto the back surface of the metallic cap for the
prevention of peeling of the metal powders in terms of problem 1); to form a
passivationl film, made of $i0, or the like, on the surface wave element in terms of

20  problem 2); and to mix NO, or the lke into pure water during the dicing of the
~ substrate for the prevennon corrosion of the IDT electrode in terms of problem 3).

Such conventional attempts are dlsadvantageous in terms of cost. because the
countermeasures against the problems 1), 2), and 3) respecnvely require
resin-applying equipment and processes, Si0, passivauon film-forming equipment and

25 processes, and NO,-mixing equipment and processes. -

It is therefore an object of the present invention to provide a manufacturing
method of a surface wave element which is capable of preventing the corrosion of the_

pugppe 4 1
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“10 _elenents in that 1) a poor insulating resistance (IR). WI|| Eced .
using netal powders due to the plating forned thereby peel
;surface of a netallic cap housing a surface wave el enent; “

p

insulating resistance (IR) will occur fromflying netallic

wel ding a netallic cap to a base; -and 3) an Al -I1DT (Interdigital
Transducer) el ectrode corrodes away during%ﬁicing, particularly, if its 15
substrate is made of [err] or [err]. The utions conventionally taken in
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without the need for the resin-applying processes to the metallic cap back surface,
passivation film-forming prbcesses or NO,-mixing processes.

- To accomplish this object, a method of 'mamxfacmring a surface wave element
5 according to this invention comprises the steps of forming an aluminum electrode film
on a surface wave element substrate within a belljar; introducing one of an N, gaﬁ and
an O, gas into the belljar; and forming one of a nitride film and an oxide film on the
- formed aluminum electrode film with one of the N, gas and O, gas introduced.
. That is, according to this invention, after the formation of an Al electrode film
10  effected on a surface wave element substrate, an N; or O, gas is introduced into a
 belljar 5o as to produce an insulating film such as a nitride film (alumimum nitride
film) or oxide film (aluminum oxide film) on the Al electrode film. Purther, plural
IDT electrodes are made with the insulating film-added Al electrode film and the
surface wave element substrate is diced to manﬁfacture a surface wave element. At
15  this time, the insulating film serves as a protective film to prevent the IDT electrodes
- from being subjected to corrosion. In addition, the protective film can eliminate the
“adverse influences of the metallic particles developed during peel-off of the plating on
the metallic cap back surface and the weldixig of the metallic cap to the base, thus
reducing the insulating resistance loss. | |
20 - The above and other objects, features, and advantages of the invention will _
become more apparent from the followmg description when taken in conJunctxon with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic illustration of a sputtering apparatus used for a
25 manufacturing method of a surface wave element according to an embodiment of this
invention; | |
Fig. 2 is a perspective view showing a surface wave element substrate having
plural IDT electrodes made on an Al electrode film with an insulating film formed in
accordance with the Fig. 1 manner; and
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prevention of peeling of the netal pewders in terms of probtem1): orm
a passivation film nmade of [err] or the like, on the surfae ﬁaseéeg

tn terms of 20 problem 2); .and to mx [err] or the like i.

during the dicing of the substrate for the prevention corr03| .EE

el ectrode In ternms of problem 3). Such conventional attenpts

di sadvant ageous in terns of cost, because the counterneasures agai nst, the
problens 1), 2), and 3) respectlvel y requi f€ resin-applying equi pment’ and

processes, [err] p on m f or m ng .equiprent. and 25 processes, ands
NO3- ni xi ng equi prre ﬁg bre&léé spective view of eim tronic apparatus including a . L

metallic cap housing & surface wave element’s final product. .“

! An embodiment of the present invention will be descnbed heremb\'elow with }
5  reference to the drawxngs. Fig. 1 of which shows a sputtering apparatus for useinag
manufacturing method of & surface wave element according to the embodiment of this
_invention. | - ?
| The sﬁuttering_ apparatus shown in Fig. 1 has the same configuration as a
. conventional apparaus. In Fig, 1, within & belljar 1 there are set a surface wave
i 10 element substrate 2 made of LiTa0, or LINGO, and a target 3 made of alumirum
(AD). In an atmosphere of argon (Ar) under a given vacuum pressure, an Al electrode
film is formed on the surface wave element substrate 2. Thereafter, an N, gas is
introduced thereinto throilgh & gas inlet 4 so that a film fdgnation process is
| contimuously performed to additionally form a nitride film (aluminum nitride film) on
15 a surfacs of the Al electrode fiim. Here, although in this émbodiment the Al oo
' /‘= " electrode film is formed on the surface wave element subséate 2 and coated with the '

s

i

nitride film (aluminum nitride film) by the introduction of the N, gas, it is also

appropriate that an O, gas be mtroduced in place of the N; gas s0 that an oxide film

(aluminum oxide film) is formed on a surface of the Al electrode film, In either case.
20  the process is contimuous until the iflm is 0.2 um - 1.$ um thick.

With the Al electrode film having thereon the nitride fiim (aluminum. mtnde
film) or oxide film (alummum oxide film) serving as an insulating film, plural IDT
clectrodes 5 are made in accordance with the photolithography technique as iltustrated

‘in Fig. 2. Followmg this, the surface wave clement substrate 2 which has the. formed _

25 IpT electrodes § is diced along dotted lines in Fig. 2, thus producing surface wave:
elements. ilt has been confirmed that a wire bonding could satisfactorily‘be made for
the insulating-film-coated Al-IDT electrodes 3.

Fig. 3 shows an electronic apparatus inciuding a metallic cap housing a surface
wave clement’s final product. A surface wave element’s final product 2a is placed on
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1t is therefore an object of the present invention to provid WHasBeenReplaced
st

manuf acturi ng nmethod of a surface wave el enent which is capa w“ uUl i“l

preventing the corrosion of the REPLACEVMENT SHEET Al-1DT
during chip dicing as. well as preventing poor insutating resi
the need for the resin-applying processes to the netallic cap back surface,

abase 6. A wire bonding is made for the insulating-film-coated AL-IDT electrode 5. -
A metallic cap 7 is welded to the base 6.
According to this invention, in addition to the formation of an Al electrode
film 5 on a surface wave element substrate 2, an N, or 0, gas is introduced into a
5 bémar %0 as to produce an insulating film such a3 a nitride film (alumihum nitride
film) or oxide film (alunii:mm oxide film) on the Al electrode film 5 and, therefore,
when IDT electrodes are made in the Al electrode film 5, the insulating film serves as
a protective film o prevent the AI-IDT electrodes from being subjected to corrosion
during dicing to produce a surface wave element. Moreover, the protective film can
10  eliminate the adverse influences of metallic particles developed due to the peeling-off
of the plating on the back surface of a metaltic cap and the welding of the metallic
cap to a base, thus reducing the insulating resistance loss. Moreover, the
manufacturing method according to this invention does not require the Si0; film .
formation process and resin-applying process for the metallic cap back surface which !
15  are needed in the prior art, thereby reducing & manufacturing cost.

It should be understood that the foregoing relates to only a preferred
embodiment of the invention, and that it is intended to cover all changes and
modifications of the embodiment of the invention herein used for the purpose of the
disclosure, which do not constitute departures from the spirit and scope of the

20 invention. | '
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passivation filmformng processes or [err]-mxing processes acco "féhlaced
this object, a nmethod of manufacturing a surface wave el enentTh

to this mvenhjﬂlﬂlﬂ‘mylmﬂuﬂmu teps of forming an alum nume m m
on a surface wa te within a belijar; |ntroduc

[err] gas and an 02 gas i At o° t He belljar; and formng one of a n|tr|de film

and an oxide filmon the fornmed al um num_e] ectrode filmwi th one of the N2
gas and [err] gas introduced. That is; accordi-n’g to this invention, aft'er

the formati Py ﬂﬂ_lﬁg{y ode film10 effected on a surface wave
el enent substrafre?sqgn err 1ISor [err] gas is introduced into a
1. A method of manufacturing a surface wave element, comprising the
steps of:

forming an aluminum electrode film on a surface wave element substrate
5  within a belljar; and

introducing one of an N, ges and an O, gas into said belljar, thereby forming
one of a nitride film and an oxide film on the formed aluminum electrode film with
* one of said N, gas and said O, gas.

‘ 2. A method of manufacturing a surface wave element in accordance ﬁvith
10  claim 1, further comprising the step of forming electrodes from alumimum electrode
film using a photolithography techmque

3. A methbd of manufacturing a surface wave element in accordance with

- claim 1, further comprismg the step of dicing said surface wave element substrate
between said clectrodes.
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belljar so as to produce an i-nsulating filmsuch as a nitride fitm
(aluninumnitride film or oxide film (alum num oxide film on the :
el ectrode film Further, plural |IDT electrodes are nmade wit R
filmadded Al electrode filmand the surface wave el enment Sl;j
diced to nanufacture a surface wave elenment. At 15 this ti
insulating filmserves as a protective filmto prevent the IDT el ectrodes
from bei ng subjected to corrosion. In addﬁ'tlon the protective film can
elimnate the adverse influences of t he met aI I ic par t i cl es devel oped during
peel -of f of the plating on tAaBSkiNA L 43 JABUBEe and the wel ding of
the metallic CapAnOAi Dfectdod ﬁlxﬁ?suﬁ:rmedonamface wave element substrate within a

belljar, and coated with 2 nitride film (aluminum nitride film) or oxide film

(aluminum oxide film) serving as an insulating film with a N, gas or O, gas being

$ introduced into the beujar after the formation of the Al electrode film. The msulating

film can eliminate the adverse influences of metallic particles caused by the

peeling-off of the plating on the back surface of & metallic cap and the welding of the !

metailic cap to a base, thus reducmg the insulating resistance loss as well as

préventing corrosion of the electrodes during a dicing process.
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reducing the insulating resistance |oss. 20 The above .an o(theé/ 9)
obj ects, features, gﬂ% g%?.%} he I n tion will becon®

apparent fromthe fo % ti’df Wherr't aken in conj Upgdyl gwg/yl t hg 143657
acconpanyi ng dr WQ%QBRLEE,l%ggRI PTI ON OF THE DRAW NGS Fi g, { s a
schematic illustration of a sputtering apparatus used for a 25 :
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Fig. 2 is a perspective view show ng a surface wave el ement substrat&eenRe laced ]

having plural IDT electrodes made on an Al electrode fil mvxﬁ“!
tnsulating filmformed in accordance with the Fig. 1 nanner; l ““E‘\ |\
Pig. 3 is a exploded perspective view of el ectronic apparat u

FIG.3




metal lig cap housing a surface wave el errent s final IPTI q'\l g:
THE  PREFERRED EMBODI MENT An enbodi nent o e&cﬁoﬁctt - :
descri bed hereinbelow with 5 reference hE, f mhlch

shows a sputtering apparatus for use in a rranuf acturing mnet hod of a surface

wave el ement according to the enbodi ment, of this invention. The sputtering
apparatus shown in Fig. 1 has the sane cjonflguratlon as a conventi onal

epparat us. 11 Figtgrirof O ViaREFACHURING SUReK 6e Wave BEhRRn' "

BACKGROUND OF THE INVENTION
Feld of the Invention
The present invention relates to a method of mamfacturing a surface wave
5 elemént with a nitride film or oxide film being formed on an aluminum (Al) electrode
film coated on a surface wave element substrate. A surface wave element is used for
an electronic apparatus such as filter, resonator or the like.

Description of the Related Art
There are problems which arise with conventional harmetic type surface wave
10  elements in that 1) a poor insulating resistance (IR) will result when using metal
powders due to the plating formed thereby peeling off a back surface of a metallic cap
housing a surface wave element; 2) a poor insulating resistance (IR) will occur from
flying metallic particles when welding a metallic cap to a base; and 3) an Al-IDT
(Interdigital Transducer) electrode corrodes away during dicing, particularly, if its
15  substrate is made of LiTaQ, or LiNbO,.
The solutions conventionally taken in connection with the above-mentioned
problems are to apply a resin onto the back surface of the metallic cap for the
- prevention of peeling of the metal powders in terms of problem 1); to form a
passivation film, made of $i0, or the liks, on the surface wave element in terms of
20 problem 2); and to mix NO, or the like into pure water during the dicing of the
substrate for the prevention corrosion of the IDT electrode in terms of problem 3).
Such conventional attempts are disadvantageous in terms of cost, because the
countermeasures against the problems 1), 2), and 3) réspectively require ,
resin-applying equipment and processes, SiO, passivation film-forming equipment and
25 processes, and NO,-mixing equipment and processes.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide 2 manufacturing
method of a surface wave element which is capable of preventing the corrosion of the

REPLACEMENT SHEET
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10 el ement substrate 2 made of LiTaO or LiNbG3 and a t rFEJTét
alum num (Al'). In an atnosphere of argon (Ar) under a gi
pressure, an Al electrode filmis formed on the surface
substrate 2. Thereafter, an [err] gas is introduced thereinto through a gas
inlet 4 so that a fl|meI’ITB.tI0n process is continuously performed to
additionally forma nitride filmalumngmnitride film on 15 a surface
of the Al electrode film Here, although in this enbodi nent the Al

el ectr ode ALLIDT eRcfrodd Bt gﬁ{g? SR ,gtaﬁ&Td coat ed
with the nitride film aluﬁg:n n%%z%i@ﬁ@ll}ﬁ@?%v@ gkgorl nt riotg%ct:{lél on of the
[err] gas,without theansed for the resin-applying processes to the metallic cap back surface,

passivation film-forming processes or NO;-mixing processes.
To accomplish this object, a method of manufacturing a surface wave element
5  according to this invention comprises the steps of forming an aluminum electrode film
on a surface wave element substrate within a belljar; introducing one of an N, gas and
an O, gas into the belljar; and forming one of a nitride film and an oxide film on the
formed aluminum electrode film with one of the'N, gas and O, gas introduced.
That is, according to this igvention, after the formation of an Al electrode film
10  effected on a surface wave element substrate, an N, or O; gas is introduced into a
belljar o a8 to produce an insulating film such as a nitride film (aluminum nitride
film) or oxide film (aluminum oxide film) on the Al electrode film, Further, plural
IDT electrodes are made with the insulating film-added Al electrode film and the
surface wave element substrate is diced to manufacture a surface wave element. At
15  this time, the insulating film serves as a protective film to prevent the IDT electrodes
from being subjected to corrozion. In addition, the protective film can eliminate the
adverse influences of the metallic particles developed during peel-off of the plating on
the metallic cap back surface and the welding of the metallic cap to the base, thus
reducing the insulating resistance loss.
20 The above and other objects, features, and advantages of the invention will
become more apparent from the following description when taken in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic illustration of & sputtering apparatus used for a
25  manufacturing method of a surface wave element according to an embodiment of this
invention;
Fig. 2 is a perspective view showing a surface wave element substrate having
plural IDT electrodes made on an Al electrode film with an insulating film formed in
accordance with the Fig. 1 manner; and



appropriate that an [err] gas be introduced in place of the [err‘T as’ so
that dan oxide film (alum numoxide filnm is fornmed on a sur %@eofgthﬂmm
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el ectrode film 1In either case, 20 the process is continu T"the

filmls 0.2 um -

1.5 umthick. Wth the Al electrode film having thereon

the nitride film(alumnumnitride film or oxide film (al uni num oxi de
film serving as an insulating film plurgL IDT electrodes 5 are nade in
accordance with the photolithography technique as illustrated in Fig. 2.

Fol l owi ng this,
25 | DT el ectr tﬁfies 5,is,diced aI ong dotted lines in
surface wave metaill

10
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¢ cap housing a surface wave element's final product.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodiment of the present invention will be described hereinbelow with
reference to the drawings, Pig. 1 of which shows a sputtering apparatus for use ina
manufacturing method of a surface wave element according to the embodiment of this
invention. |

The spixttcring apparatus shown in Fig. 1 has the same configuration as a
conventional apparatus. In Fig. 1, within 2 belljar 1 thers are set a surface wave
element substrate 2 made of LiTa0, or LINDO, and a target 3 made of aluminum
(Al). In an atmosphere of argon (Ar) under a given vacuum pressure, an Al electrode
film is formed on the surface wave element substrate 2 Thereafter, an N, gas is
introduced thereinto throﬁgh a gas inlet 4 so that a film formation process is
contimously performed to additionally form a nitride film (aluminum nitride film) on
a surface of the Al electrode film, Here, although in this embodiment the Al
electrode film is formed on the surface wave element substrate 2 and coated with the
nitride film (aluminum nitride film) by the introduction of the N; gas, it is also
appropriate that aa O, gas be introduced in place of the N, gas so that an oxide film
(aluminum oxide film) is formed on a surface of the Al electrode film. In either case,
the process is contimious until the iflm is 0.2 um - 1.5 um thick.

With the Al electrode film having thereon the nitride film (aluminum nitride
film) or oxide film (aluminum oxide film) serving as an insulating film, plural IDT
electrodes 5 are made in accordance with the photolithography technique as illustrated
in Fig. 2. Following this, the surface wave element substrate 2 which has the formed
IDT electrodes § is diced along dotted lines in Fig. 2, thus producing surface wave
elements. It has been confirmed that a wire bonding could satisfactorily be made for
the insulating-film-coated Al-IDT electrodes 3. |

Fig. 3 shows an electronic apparatus including a metallic cap housing a surface
wave element’s final product. A surface wave element’s final product 2a is placed on

t hu producing
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el enents. It has been confirned that a wire bondi ng coul dls"?”l"ﬁ%\"‘b&ﬁﬁvEEE.
made f'or the insulating-filmcoated Al-1DT el ectrodes 5. B 8 3 gm\m&m
el ectroni c apparatus including a nmetallic cap housing a sy alee WavEe
element’'s final product. A surface wave elenent's final product 2a is
pl aced on a base 6. Awre bonding is made for the

I nsulating-filmcoated Al -1DT el ectrode -3

a base 6. A wire bonding is made for the insulating-film-coated Al-IDT electrode 5.
A metallic cap 7 is welded to the base 6.

According to this invention, in addition to the formation of an Al electrode

film 5 on a surface wave element substrate 2, an N, or O, gas is introduced into a
5  belljar so as to produce an insulating film such as a nitride film (aluminum nitride

film) or oxide film (aluminum oxide film) on the Al electrode film 5 and, therefore,
when IDT electrodes are made in the Al electrode film 5, the insulating film serves as
a protective film to prevent the AI-IDT electrodes from being subjected to corrosion
during dicing to produce a surface wave element. Moreover, the protective film can

10  eliminate the adverse influences of metallic particles developed due to the peeling-off
of the plating on the back surface of a metallic cap and the welding of the metallic
cap to a base, thus reducing the insulating resistance loss. Moreover, the
manmifacturing method according to this invention does not require the Si0, film
formation process and resin-applying process for the metallic cap back surface which

15  are needed in the prior art, thereby reducing a manufacturing cost.

It should be understood that the foregoing relates to only a preferred
embodiment of the invention, and that it is intended to cover all changes and
modifications of the embodiment of the invention herein used for the purpose of the
disclosure, which do not constitute departures from the spirit and scope of the

20 invention.
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film or oxide film(alumnumoxide film on the Al electrode film5 and,

t herefore,

when | DT el ectrodes are nade %n the Al electrode film5, the

i nsul ati ng filmse&ves as a protective'filmto prevent the Al-IDT

el ectrodes
surface wave el qrrent A Mbr,eqv

10

&ited to corrosi on during dicing to produce a
metho oefrrhat}u?gc ine S%tt.ul'fgc% Jv:axlren;lgn%é]nt, comprising the
steps of:

forming an aluminum electrode film on a surface wave element substrate
within a belljar; and '

introducing one of an N, gas and an O, gas into said beiljar, thereby forming
one of a nitride film and an oxide film on the formed aluminum electrode film with

one of said N; gas and said O, gas.
2. A method of manufacturing a surface wave element in accordance with
claim 1, further comprising the step of forming electrodes from aluminum electrode

film using a photolithography technique.

3. A method of manufacturing a surface wave element in accordance with

claim 1, further comprising the step of dicing said surface wave element substrate

between said electrodes.
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to the‘peeling-off of the plating on the back surface of a talllg&? rEkE
the- wel ding of the netallic cap to a base, thus reducing theiDasul e

resi stance | oss. Mreover, the manufacturing nethod accordi ng=~Fo—th+s

i nvention does not require the SIQ2 filmformation process and

resi n-appl ying process for the netallic cap back surface which 15 are
needed in the prior art, thereby reducing a manufacturing cost. It should
be understood that the foregoing rel atds t o only a preferred enbodi nent of
the invention, and that it is intended to cover all changes and
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modi fications of the enbodi nent of the invention herein us
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met hod of manufacturing a surface wave el enent, conpri singe

FIG.3




steps of: fonning an al um num el ectrode filmon a surface %f‘el emerit “"‘EET
substrtate 5 wthin a belljar; and |Ttnsr3hdauﬂafﬁenm1a@di an [lierr] laﬁmm

02-gas into said belljar, therebyform tride DP"l‘had ------------
one of=sard [err] gas

oxide filmon the forned al um num el ec
and said [err] gas. 2. A nmet hod of manutacturing a surface wave el enent

I n accordance with 10 clalml further conprising the step of formng
el ect r odes F¥ETRDAH, MANJEACIURING, JURFACE WAVE £

ABSTRACT OF THE DISCLOSURE
An Al electrode film is formed on a surface wave element substrate within a

belljar, and coated with 2 nitride film (alumirum nitride film) or oxide fiim
(aluminum oxids film) serving as an insulating film with a N, gas or O, gas being

5 introduced into the bemar after the formation of the Al electrode film. The insulating
film can eliminate the adverse influences of metallic particles caused by the -
peeling-off of the plating on the back surface of & metallic cap and the welding of the
metallic cap to a base, thus reducing the insulating resistance loss as well as
preventing corrosion of the electrodes during a dicing process.

Figqure 1



filmsusing a phot‘dl I t hogr aphy techni'que. 3. A et hod of
surface wave el enent in accordance with claim1, futher co 040
of dicing said surface wave el ement substrate between said : i
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METHOD OF MANUFACTURING SURFACE WAVE ELEMENT
ABSTRACT QF THE DISCLOSURE
An Al electrode film is formed on a surface wave element substrate (2) within a belljar (1),
and coated with a nitride film (aluminum nitride film) or oxide film (alluminum oxide film)
serving as an insulating film with a N 5 gas or O, gas being introduced (4) into the belljar (1)
after the formation of the Al electrode film. The insulating film can eliminate the adverse
influences of metallic particles caused by the peeling-off of the plating on the back surface of

a metallic cap and the welding of the metallic cap to a base, thus reducing the insulating
resistance loss as well as preventing corrosion of the electrodes during a dicing process.

Figure, 1



