METHOD OF MANUFACTURI NG SURFACE ACOUSTI C WAVE DEVI CE BACKGROUNDSTR 7 of

% LHE | NVENTI ON 1. Field of the Invention The present
i'nvention relates to a method of nanufacturing a surface acoustic wave
devi ce such as a surface acoustic wave filter, a surface acoustic wave

resonator, or the like, and nore

METHOD OF MANUFACTURING SURFACE ACQUSTIC WAVE DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a metﬁod of manufacturing
a surface acoustic wave device such as a surface acoustic wave
filter, a surface écoustic wave resonator, or the like, and more
5 particularly, to a.method of manufacturing a surface -acoustic
wave device in which a step of adqutiqg the frequency thereof

is improved.

2. Description of the Related Art

A surface acoustic wave device is used to define various
. 10 components such as a filter, a resonator, and the like. 1In
manufacturing such a surface acoustic wave device, at least one
interdigital transduéer (referred to as "IDT" hereinafter) is
formed on a piezoelectric substrate. .In surface acoustic wave
devices, the number of IDfs, and the shape and number of other
18 electrodes are appropriately selected according to the desired

component.

When used as a filter or a resonator, the surface acoustic
wave device must be manufactured to achieve necessary frequency
characteristics: However, there is a problem that fregquency

20 characteristics of surface acoustic wave devices deviate from
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5 partlcularly, to a method of manufacturing a surface acoustic wave

wdevi'ce in which a step of adjusting the frequency thereof IS | nproved.
2. Description of the Related Art A surface acoustic wave device
is used to define various 10 conponents such as a filter, a resonator and

the |ik@he|&E51q A LR %f%%&%a GRSt bE ﬁ%¥%1@%ﬁ'ce

Ieast one nt er glta transducer referre to as herelnafter)
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electroder?u égiupyroprlatel y sel ect ed acc%rang to the desired

cormponéPf* ng precision in forming
Therefore, a method of manufacturing a surface acoustic

5 wave device has been proposed in which a frequency can be
adjusted by controlling the thickness of a polyimide resin
coating layer formed on the surface acoustic wave device (for
example, see Japanese Laid-Open Patent Publication Nos. 61-
208916 and 8-32392).

10 More specifically, Japanese Laid-Open Patent Publication
No. 61-208916 discloses that an operation frequency of a surface
acoustic wave device can be adjusted by depositing a polyimide
resin coating layer on a surface acoustic wave substrate so as
to have a predetermined thickness.

15 Japanese Laid-Open Patent‘Publication No. 8-32392 discloses
a method in whicﬁ a fluorinated polyimide resin coating is
formed, by a spin coating method to have a thickness
corresponding to an amount of required frequency adjustment, on
the substrate surface where a surface acoustic wave propagates.

20 Japanese Laid-Open Patent Publication No. 8-32392 further
disclosges that the fluorinated polyimide resin coating may be

etched by a plasma containing oxygen gas for further adjustment

of the frequency.
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_When used as a filter or a resonator, the surface acoustic wave device
.ust be manufactured to achieve necessary frequency characteristics.
However, there is a problemthat frequency 20 characteristics of surface
acoustic wave devices deviate from

propert i es BAERE vato e st el EohBel Lo MREROAPUSLAG o
poor
polyimide resin coating can only decrease the operation
frequency of the surface acoustic wave device. That is, it has
been impossible to adjust an operation frequency of a surface
5 acoustic wave device so that the operation frequency is
increased.

In addition, when the fluorinated polyimide resin coating
is etched by using a plasma containing oxygen gas, it is
necessary to use a vacuum apparatus. Thus, each surface

10  acoustic wave device requiring frequency adjustment must be
loaded into a vacuum chamber and the vacuum chamber must be
evacuated thereafter. As a result, it takes considerable time
to adjust the frequency of a large number of surface acoustic
wave devices, which makes the frequency adjustment process have

15 a low through-put.

SUMMARY OF THE IMMION

To overcome the problems described above, the preferred
embodiments of the present invention provide a method of
manufacturing a surface acoustic wave device, which is capable

20 of adjusting an operation frequency of the surface acoustic wave
device by shifting the operation frequency to both lower and
higher frequency sides and which performs the adjustment of the

operation frequencies of the surface acoustic wave devices with

high through-put.
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.naﬁUIacturing precision in formng |DTs. Therefore, a nethod of
Jranufacturing a surface acoustic 5 wave device has been proposed in which
a frequency can be adj usted by controlling the thickness of a
pol yi m de resin coating layer formed on the surface acoustic wave

device (for accordtyRlie.a Eﬁ%ﬁé%E%He\%ﬁtbbaﬁﬁieﬁEerPéHé”ﬂSrgMi cation Nos.
61- 208916 and 8-32392). 10 More specifically, Japanese

Lai d- Oy dZpliof, BN O manue¥Rc 81308046, 8h3e! 563at Nty OPCr ation

-frequency of a surface acousti c wave~device can be adjus y

0005t 4 RN U piorog BT ROBIRLBLCTAAT 8 PhELASESFERT C vave
Lai d- %%ﬂ% Jggi %@ngggg(gﬁéﬁgbng-i%%%%dggsgkgsggeps of forming a
5 coating layef made of an inorganic material or an organic
material on the piezoelectric substrate so as to cover the
interdigital transéucer and etching the coating layer via a
laser light to adjugt an operation frequency of the surface
acoustic wave device.

10 The method may also include the steps of determining
whether the operation ffequency is to be increased or decreased
and selecting a particular inorganic material for the coating
layer in the case where the operation frequency is to be
increased and selecting a particular organic material for the

15 coating layer in the case wherg the operation frequency is to be
decreased. Then; the step of forming the coating layer is
performed based on a result of the selgcting step.

The etching step is preferably performed at an atmospheric
pressure. The inorganic material is preferably at least one

20 material selected from the group consisting of Si02, SiO, ZnoO,
Ta,0s, TiO,;, and WO;. The organic material is preferably at least

one material selected from the group consisting of polyimide,

parylene and silicone.
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~a nmethod in which a fluorinated polyinide resin coating is formed, by
-2 spin coating method to have a thickness correspondi ng to an anount
of requi red frequency adjustnent, on the substrate surface where a
surface acoustic wave propagates. 20 Japanese Lai d- Qpen Patent

PUb"Cat'OnAwgor§i§€393 ﬁﬂé?@ffed embgd§ﬁé@§§sofrﬁﬁe (e ddntor i nat ed

polyi m de resin coafing may be hed by a plasma contai ni ng oxygen

gas foyg n@%ﬁ%ggﬁ athSBBEPQtlon f?éq&@ﬁéyr&ﬂHQngea81ly adjusted with

high precision, as compared with a conventional method of
adjusting the frequency, and a surface acoustic wave device

S having exact desired frequency characteristics can be reliably
provided at a low cost.

For the purpose of illustrating the invention, there is
shown in the drawings geveral forms which are presently
preferred, it being understood, however, that the invention is

10 not limited to the precise arrangements and instrumentalities

shown.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.‘l is a échematic sectional view illustrating the step

of adjusting the frequency of a surface acoustic wave device by
15 irradiation of laser light ;n d preferred embodiment of the
present invention.

Fig. 2 is a perspective view showing an end-surface
reflection type surface wave rescnator as a surface acoustic
wave device obtained in accordance with a preferred embodiment

20 of the present invention.

Fig. 3 is a graph showing the relation between the etching
amount H/A of an SiO; film and the change Af, in frequency from

the central frequency in an experimental example of preferred
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. However, the above-expl ai ned conventional nethods using a pol yi m de
resin coating can only decrease the operation frequency of the surface
acoustic wave device. That is, it has been i npossible to adjust an
operation frequency of a surface 5 acoustic wave device so that the

oper at | @fbdd BB ofl The preseait€dn@dntion in whidR A0bii PRy Whgo -t he
fluorinated polyimde resin coating I s etched by using a plasma

cont ai NAY RYILE 9a% dilo,! 11m. NEcessary to use a vacuum apparat us.
Thus, each surface 10 acoOustic wave device requiring frequency adjustnent

st be FiQ20PGd U SR P e GHAIRE" 800 188 NACHUI CORIDS! oilR] Pe
amount H/A of an 8i0 film and the change Af, in frequency from
5 the central frequency in another experimental example of the
preferred embodiments of the present invention in which a
coating layer was made of the SiO film.
Fig. S.is a graph showing the relation between the etching
amount H/A of a polyimide film and the change Af, in frequency
10 from the central frequency in an experimental example of the
present invention in which a coating layer was made of preferred
embodiments of the polyimide film.
Fig. 6 is a graph showing the relation between the etching
amount H/A of a parylene film and the change Af, in frequency
15 from the central frequency in an experimental example of
preferred embodiments of the present invention in which a

coating layer was made of the parylene film.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Hereinafter, a method of manufacturing a surface acoustic
20 wave device in accordance with preferred embodiments of the
present invention is described with reference to the drawings.
Fig. 1 is a schematic sectional view illustrating the step

of etching a coating layer via a laser in the method of
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evacuated thereafter. As a result, it takes considerable tine to

“adjust the frequency of a large nunber of surface acoustic wave
tevi ces, which makes the frequency adjustnent process have 15 a |ow
t hr ough- put . SUMVARY OF THE | NVENTI ON To overcone the
pr obl emamesrddEithplko\sir e pcobgtiedwave dewbedi iRnAScotdahee presient
i nvention provide a nethod of ~manufacturing a surface acoustic wave
devi ce,a Widteired hdfddAnetll &t 2UeUpkeBandniaPeneionn freguencysod the
surface acoustic wave device by shifting the operation frequency to
both | : Y N C ' ' f Q& he
adj ust %@;\{S 0 tlf'u‘fae Vl@vg%g{?rvj zi'tn%glrlll'%gr éagggg?egeg}lg?%ghg%?%agegg%%ust I C wave
devi ces

oggg{hed in this preferred embodiment.

5 In this preferred embodiment, the surface acoustic wave
device 1 is an end-surface reflection type surface wave
resonator. The surface acoustic wave device 1 includes a
piezoelectric substrate 2 and an IDT 3 formed thereon. The
piezoelectric substrate 2 may be made of a piezoelectric single

10 crystal of LiTaO;, LiNbO,;, or the like.. Alternatively, a
piezoelectric ceramic such as lead titanate zirconate ceramic or
the like may be used. Further, a substrate including an
insulating material and a piezoelectric thin film such as a ZnO
thin £ilm formed on the substrate may be used.

15 Comb-shaped electrodes 3a‘and 3b are arranged on the
piezoelectric'substrate so that electrode fingers of the comb-
shaped electrodes 3a and 3b interdigitate with each other to
form the IDT 3. A pair of the outermost electrode fingers of
the IDT 3 having a width substantially equal to about half the

20 width of the other electrodé fingers are flush with the end-
surfaces 2a and 2b of the piezoelectric substrate. 1In the case
where the piezoelectric substrate including the insulating
substrate and the piezoelectric thin film on the substrate is

used, the IDT 3 may be formed on the piezoelectric thin £ilm, or
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4 According to a preferred enbodi nent of the present

“.invention, a nethod of manufacturing a surface acoustic wave devi ce
‘having a piezoelectric substrate and an interdigital t ransducer

provi ded thereon, includes the steps of formng a 5 coating |ayer nmade of

an lnOMEEWééd“@h%rb&bz@éléBtQEGaEhEn £i1m"BhET tRe BRLEPLaPLCRRGL CSET AL
substrate so as to cover the Interdigital transducer and etching the

coati ng é@%@hi%bam%terlaltaser light to adjust an operation frequency of
t he surtace

The surface acoustic wave device 1 uses, for example, a
Bleustein-Gulyaev-Shimizu (BGS) wave. The BGS wave éxcited by
5 the IDT 23 propagates in the direction X shown in Fig. 2 and is
confined between the end surfaces 2a and 2b by the reflection of
the BGS wave at thg end surfaces 2a and 2b.
In the surfacg acoustic wave device 1, a coating layer 4
(shown by an imaginary line in Fig. 2) is arranged to cover the

10 IDT 3. The coating layer 4 is made of -an inorganic or organic
material, and provided and arranged for protecting the IDT 3 and
adjusting the frequency. One of the essential features of the
present ;nvention is that the coating layer 4 made of either

- inorganic material or organic material is éeledtively used. The

15 coating layer made of inorganiq material is used for increasing
the operation fréquency of the surface acoustic wave device, and
the coating layer made of oxrganic matgrial is used for
decreasing the operation frequency of the surface acoustic wave
device.

20 In this preferred embodiment, the coating layer 4 is formed
after the IDT 3 is formed, and the etching step using a laser is
then performed for adjusting the operation frequency.

The method for manufacturing the surface acoustic wave

device is generally explained as follows. ——
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acoustic wave device. 10 The met hod may al so include the steps of

det-erm ni ng whet her the operation frequency is to be increased or
decr eased and selecting a particular inorganic material for the
coating | ayer in the case where the operation frequency is to be

i ner eased angie@keCkhBYIBTPY! (hCEbRRe8! GAN fio TBL LISl ed OF1d NunchaQAT NG

| ayer in the case where the operation frequency Is to.be reased.

Then. t1e Shgd o LOCE! 8GhiaooPRL! Br! SYBE e picoRETLALIES hasaden o

result of the sel'ectin _ _ ep 1's prererably
D of or aBl gt B REFIORBOOBY Al BPPEPSLL be (BRI HRAR B P BhI g of
Sigerr], SiOQ ZnO,
conventional method of manufacturing a surface acoustic wave
5 device. For example, on the entire surface of the piezoelectric
substrate 2, a metallic material, such as Bl or the like is
formed via platingﬂ vapor deposition or sputtering, followed by
patterning to form.the IDT 3. Alternatively, a mask is placed
on the piezoelectric substrate 2, and screen printing, plating,
.10 vapor deposition of sputtering of a metallic material such as Al
or the like is performed to form the IDT 3.

Then, the surface acoustic wave device 1 is examined using
an appropriate frequency.characteristic measurement instrument
so as to determine the actual operation frequency. The measured

15 actual operation frequency is qompared with a designed (or
desired) operatién frequency of the surface acoustic wave device
1, thereby determining if the actual Qperation frequency of the
surface acoustic wave device should be increased or decreased.

Thereafter, the coating layer 4 is formed on the

20 piezoelectric substrate 2. 1In the case where the actual
operation frequency of the surface acoustic wave device must be
increased, an inorganic material is selected for the coating

layer 4. On the other hand, in the.case where the operation

frequency of the surface acoustic wave device must be decreased,
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Ta[érr]C{err], TiJerr] and WJerr]. W3. The organic material is

preferably at |east one material selected fromthe group consisting of
pol yi m de, paryl ene and silicone.
5 According to preferred enbodi nents of the present

oreci si o SESRRRE AR th tE ARSIt AT enaaGERS. 1aYRE] fstiRgethe
frequency, apd a_surface acoustic wave device '
coating layer 4 can be formed according to a conventional
method. For example, the coating layer 4 can be formed by an
appropriate method such as spin coating, spray coating,
5 sputtering, vacuum deposition, or the.like.

As the material for forming the coating layer 4, various
inorganic materialg and organic materials can be used. It is
preferable to use an inorganic material such as Si0,, SiO, ZnoO,
Ta;0s, TiO;, WO;, and the like and an organic material such as

10 polyimide, parylene, silicone and the like.

The thickness of the coating layer 4 is determined so as to
be greater than the thickness which causes the frequency change
which corresponds to the difference between the actual operation
frequency and the desired operation frequency. Note that the

15 relationship between the thickqess of the coating layer and the
frequency change is to be determined in advance by measuring.
The thickness of the coating layer 4 may be changed according to
the amount required for each of the surface acoustic wave |
devices po.be adjusted. Alternatively, the thickness of the

20 coating layer 4 may be fixed at a predetermined value which
causes a sufficient frequency change for all of the end-surface
reflection type surface wave resonators 1 to be adjusted.

Next, the coating layer 4 is irradiated via a laser light 6

by using a laser device 5 to etch the coating layer 4 by burning
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5 havi ng exact desired frequency characteristics can be reliably
‘provided at a | ow cost. For the purpose of illustrating the
Fnvention, there is shown in the drawi ngs several fornms which are
presently preferred, it being understood, however, that the invention
Is 10 not limted to the precise arrangenents and instrunentalities
shown. ©F VaPSRIEENGHERRPPTIEN ¢F thee qiingedayer 4, as n%g?."’nl ing Fig.
schematic sectional view illustrating the step of adjusting the
frequendy ofnatBigfeakehiegusthe Q%ﬁé?QkﬂnRﬁftﬁﬁrﬁﬂFeiﬁﬁwﬁﬁ &hieo§ost ingser
light in a preferred enbodi nent of the present invention.

layer 4 may be etched to decrease the thickness of the coating

layer 4, or the upper surface 4a of the coating layer 4 may be
5 partially etched. An amount of etching is controlled by
adjusting the power of the laser light. In any case, etching is
carried out by usiqg the laser device 5, and thus, etching can
be performed with high precision.
During this step, the surface acoustic wave device does not
10 have to be loaded into any vacuum chambers, and etching the
coating layer 4 is performed at an atmospheric pressure. As a
result, no evacuating time is required for this step.
In addition, a laser light is suitable for etching various
kinds of materials regardless of the types of materials. Thus,
15 Dboth the coating layer made of‘inorganic material and the
coating layer made of organic material can be etched by the same
laser source without changing the laser sources or the method of
etching.
For the forgoing reasons, the fregquency characteristics of
20 the surface acoustic wave device can be correctly matched with
the desired frequency characteristics by etching régardiess of
the variations in frequency characteristics of the surface wave
device 1 before etching. 1In addition, the frequency adjustment

through-put can be greatly improved.
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Figf'z IS a perspective view showi ng an end-surface reflection type

surface wave resonator as a surface acoustic wave device obtained in
accordance with a preferred enbodi nent - 20 of the present invention.
Fig. 3 is a graph showing the relation between the etching anmount

Herr] of a'hé'é;ﬁrrl]n;édéﬂ aegg &ﬁ%e% gﬁ%ﬁ%fgéfggié%ei n frequency from

the central frequén n an expe ferred

6 As the surface acoustic wave device 1, a surface acoustic

wave device including the piezoelectric substrate 2 made of
piezoelectric ceramic (PZT) and having dimensions of

5 approximately 50 x 50 x 1 mm was prepared. The“IDT 3 as formed
included 20 pairs of electrode fingers, and was made of an
aluminum thin film which was negligibly thin relative to the
wavelength.

Afﬁer measuring an actual operation frequency of the

10 surface acoustic wave device 1l,a Si0, thin film was formed to

cover the entire upper surface 2a of the piezoelectric substrate

2 by RF magnetron sputtering so that the thickness satisfied

H/X = 0.35 wherein H represents the thickness of the SiO, thin

film, and A represents the Qavelength of the BGS wave excited by
15 the surface acoustic wave device.

The coating layer including the 8i0, thin film was etched by
the laser device to decrease the thickness thefeof, and the
change Af, in the central frequency £, was determined. The
results are shown in Fig, 3.

20 In Fig. 3, the change Af, (ppm) in the central frequency is

shown on the ordinate. Here, the central frequency of the

surface acoustic wave device having no coating layer 4 formed
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enbodi ments of the present invention in which a coating |ayer was nade
of the Sierr] film Fig. 4 is a graph showing the relation

bet ween t he et chi ng anount H[err] of an SiOfilmand the change
[err]f[err] in frequency from 5 the central frequency in another

e U B X s R s

i nvention in ot |n? ] OF IhE t
Fig. 5is agra homnn the relation between the etching anmoun
H[err] ﬁ%eQﬁﬁﬁﬁg' dé £ WPaPH ffe- change [err]f[err] in frequency 10
fromthe central frequency in an experinental exanple of the pr esent

i nvention in E¥dch® drsbiaates Ithatr byadepadd tdhgprakeroading lagapodi nent s
of the polyimde film
including the Si0O; thin film, the central frequency was increased
5 and that by etching the coating layer via laser light to
decrease the thickness of the Si0O, thin film, the central
frequency is decreased. It was thus discovered that by etching
the coating layer by laser light to decrease the thickness
thereof, the central frequency of the surface wave device 1 can
10 be adjusted with high precision.

In the above experimental example, a SiO thin film was
formed in place of the Si0; thin film so that the thickness
satisfied H/A = 0.21, and then the film was etched by the same
method as described above. The results are shown in Fig. 4.

15 Fig. 4 indicates that even in the formation of the SiO coating
layer, the central frequency can be adjusted to be decreased by
etching the coating layer via laser light to decrease the
thickness thereof.

Also, an attempt was made to adjust the frequency by the

20 same method as the above experimental example except that a
coating layer of polyimide as an organic material was formed by
a using spinner in place of the SiO, thin film and the SiO thin

film so that the thickness satisfied H/A = 0.11. The results are

————
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Fig.. 6 is a graph showing the relati on between the etching anmount
‘FV[err] of a parylene filmand the change [err]f[err] in frequency 15
fromthe central frequency in an experinmental exanpl e of preferred
enbodi nents of the present invention in which a coating | ayer was nade

of the pALYheRs FiyMs. F-%DEJ%E&M %& M 5&%@@%{4\@'}% MENTS

Hereinafter, a nmethod of ufacturing a surface acousti devi ce

|0, 2COCAn BB B oLl SO BB El¥er 1o UEREs SR S
F:gg:onﬁkﬁl ﬁég\lhlagat Eﬁa{:ngtctzl‘rx]fng &E)e coatlng eiayellp gny J.Cr.praaulaq:llo@/%:rit\{'x aa
laser light permits frequency adjustment in the direction in
5 which the frequency increases as the etching amount increases,

i.e., the thickness of the cogting layer including the polyimide
thin film decreaseg.

Similarly, thg same experiment was carried out by using
parylene instead of polyimide. The results are shown in Fig. 6.

10 Fig. 6 indicates that after the coating layer including parylene
is formed, etching the coating layer via irradiation with laser
light permits frequency adjustment in such a manner that the
frequency is increased by increasing the etching amount, i.e.,
decreasing the thickness of the coating layer, as in the case of
15 polyimide.

Therefore, éhe results shown in Figs. 3 to 6 reveal that in.
the formation of the coating layer made of an inorganic
material, the frequency can be adjusted to be decreased by
increasing the etching amount, i.e., decreasing the thickness of

20 the coating layer, while with the use of polyimide or parylene,
the frequency can be adjusted to be increased by increasing the

etching amount, i.e., decreasing the thickness of the coating

layer.
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7 . manuf acturing a surface acoustic wave device in accordance with
a-preferred embodi ment of the present invention. Fig. 2 is a

‘perspective view showi ng the surface acoustic wave device 1 obt ai ned
inthis preferred enbodi nent. In this preferred enbodi nent, the
surface acoygtigwavge e 84 afséo $¢88 ERLE S 1 AS8 18] 8R! Iy
surface wave resohaﬁor he &ufYate” acoust wave devi ce

plezoele%;rlv1%y€%&r%&%t%o%nglgg iggé% {fgﬁfd trﬁ”é&égselgie thickness

udes a

thereof, the frequency can be reliably and accurately adjusted
to obtain intended frequency characteristics.

5 Although in'the preferred embodiments, the method of
manufacturing a surface acoustic wave device of the present
invention is appligd to the method of manufacturing an end
reflection type su;face acoustic wave device using a BGS wave,
the manufacturing method can also be applied to the manufacture

10 of a surface acoustic wave device using a surface acoustic wave
other than the BGS wave, for example, other SH type surface
acoustic waves such as a Love wave, and the like and other
surface acoustic waves such as a Rayleigh wave and the like.
Furthermore, the manufacturing method can be applied to not only

18 a surface acoustic wave resona;or but also to any desired
surface acoustic wave devices such as a transversal type or
resonator type surface acoustic wave filter, a surface acoustic
wave delay line, and the like.

While preferred embodiments of the invention have been

20 disclosed, various modes of carrying out the principles
disclosed herein are contemplated as being within the scope of
the following claims. Therefore, it is understood that the
scope of the invention is not to be limited except as otherwise

set forth in the claims.
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pi ezoel ectric substrate 2 may be nmade of a pi ezoel ectric single .0 crystal
of LiTa®3, LiNbG3, or the like. Alternatively, a — —piezoetectriec-ceramc
such as lead titanate zirconate ceranic or thﬁJlJmmsymnm 1 ,
Further, a substrate including an i nsul ating ' - ﬂﬂ!ﬂ J

pi ezoel edhatcishchaimbah $8€h as a ZnO thin film*orfned on tshe+
substrate nmay be used. 15 Conb- shaped el ectrodes 3a and 3b are

arranged on the A mptR3AEbeChihGrSEOSEIRd & Sudfile @lRfidtade Javagers of
t he conb- shaped el ectrodes 3a and 3b interdigitate with each other to

' ; [ foo . the | DT 3
having aoar ach BArERe 2 PRt P8 U PEIE LS B 0 Tt 5P R he o her
eleCtrOdgrghggﬁﬁéraﬁgobkaég @ﬂépeégF gg%krising the steps of:

forming a coating layer made of an'ino;ganic material or an
S organic material on the piezoelectric substrate so as to cover
the interdigital transducer; and
etching the c;afing layer to adjust an operation frequency

of the surface acoustic wave device.

2. The method of manufacturing a surface acoustic wave
10 device according to claim 1, further comprising the steps of:
determining whether the operation frequency is to be
increased or decreased;
selecting the inorganic material for the coating layer if
the operation frequency is to be increased and selecting the
18 organic material for the coating layer if the operation
frequency is to be decreased; and
performing the step of forming the coating layer based on a

result of the selecting step.

3. The method of manufacturing a surface acoustic wave
device according to claim 1, wherein the etching step is

performed at an atmospheric pressure,
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surfaces 2a and 2b of the piezoelectric substrate. rl ’m "m wher e
"the piezoelectric substrate including the insulati uﬂﬁﬂﬂ'#ﬂu and the

pi ezoel ectric thin filmon the substrate is used, ‘the I'DT s3" may be
formed on the piezoelectric thin film or

8 petyeen Pl RLAFAP! &F i falllchlinldMaa 0 leig S uRaLisel & pde of an

i nsul ati ng rraterl surface "acoustic wave devi ce uses, for

exanpledeglce according to ¢laim 1, wherein the indrganic material is

at least one selected from the group consisting of SiO,;, $iO,

ZnO, Ta;0s, TiOZ, and W03.

5. The method of manufacturing a surface acoustic wave
device according to claim 1, wherein the organic material is at
least one selected.from the group consisting of polyimide,

parylene and silicone,

6. The method of manufacturing a surface acoustic wave
device according to claim 1, wherein the surface acoustic wave
device is an end-surface reflection type surface acoustic wave

device.

7. The method of manufacturing a surface acoustic wave
device according to claim 1, wherein the surface acoustic wave

device uses a Bleustein-Gulyaev-Shimizu wave.

8. The method of manufacturing a surface acoustic wave
device according to claim 1, wherein the etching step is done

using a laser.

9. The method of manufacturing a surface acoustic wave
device according to claim 2, wherein the step of determining
whether the operation frequency is to be increased or decreased

includes the steps of examining a frequency characteristic of

§11/55174.02
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_Bl eust ei n-Gul yaev- Shim zu (BGS) wave. The BGS mave’ he I DT 3
pr-opagates in the direction X showmn in Fig. 2 and |mm, "' @;ﬂ'mﬂwbet ween
the end surfaces 2a and 2b by the reflection of WaV e »

end surfaces 2a and 2b. In the surface acoustlc wave device 1, a

coati ng-h@ygirface acééﬁ%W@‘J&%é“Hédf%@ Q%rﬂekaﬁth EhJacghallS arranged to

cover the 10 IDT 3. The coating |ayer I S nmade. an inorganic or
organi c

or 9an! Coperat eff?t’ﬁuex?ég Q{cpvdoqrf\p%qﬁrﬁg;f a@%%ﬁaﬁofagﬁﬁcgfgggh' @QegpspkgT 3

adj us guency e essent ur es
pr esent |nve tlon IS that, the oatgﬁhlayer 4 made of either I norgani c

mat eri aF°of ?ﬁéﬁ?% ?@ﬁ%ﬁ?%ﬂn |ver used. The 15 coating | ayer

made of inorganic material is used for increasing

10. A method of manufacturing a surface acoustic wave
5 device comprising the steps of:

providing a piezoelectric substrate;

forming an interdigital transducer on a surface of the

piezoelectric substrate;

forming a coafing layer on the piezoelectric substrate to
10 cover the interdigital transducer; and

etching the coating layer to increase or decrease an

operation frequency of the surface acoustic wave device.

11. A method of manufacturing a surface acoustic wave
device according to claim 10, wherein the steps of forming a
coating layer includes the step of forming the coating layer of

either an organic material or an inorganic material.

12. The method of manufacturing a surface acoustic wave
device according to claim 11, further comprising the steps of:
determining whether the operation frequency is to be
increased or decreased;
15 selecting the inorganic material for the coating layer if

the operation fiequency is to be increased and selecting the

511/55174,02
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t he-gperation frequency of the surface acoustic wav
‘coating | ayer nmade of organic material is used for ﬂl m mﬂaﬂ QL“{ he
Ooperation frequency of the surface acoustic wave evice s

this preferred enbodi nent, the coating |layer 4 is forrred after t he IDT
3is fOB'&F%in%”QlaEQh@&CEb?gtﬁéeeob‘éiﬂ@ f‘a&é‘:?e{f'@he opeddieibper formed for
adj usting the operation frequency. he net hod for manufacturing

t he sur%Qgﬁuggggsggct@agg decregg¥a9eah§ generally expl ai ned as foll ows.

performing the step of forming the coating layer based on a

result of the selecting step.

13. The method of manufacturing a surface acoustic wave
device according to claim 10, wherein the etching step is

performed at an atmospheric pressure.

14. The method of manufacturing a surface acoustic wave
device according to claim 11, wherein the inorganic material is
at least one selected from the group consisting of SiO;, SiO,

Zn0, Tay05, TiO;, and WOs.

15. . The method of manufacturing a surface acoustic wave
device according to claim 11, wherein the organic material is at
least one selected from the group consisting of polyimide,

parylene and silicone.

16. The method of manufacturing a surface acoustic wave
device according to claim 10, wherein the surface acoustic wave
device is an end-surface reflection type surface acoustic wave

device.

17. The method of manufacturing a surface acoustic wave
device according to claim 10, wherein the surface acoustic wave

device uses a Bleustein-Gulyaev-Shimizu wave.

This Sheet Has Been Replaced
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9 - First, the IDT 3 is forned on the pj W ystrate
2.  The step of form ng the IDT 3 on the piezoel @"ﬂmmmm“mﬂm 2 can
be perforned by an appropriate nethod generally wsed TOr va s =

"conventional nethod of manufacturing a surface acoustic wave 5 device For

exanpl e, onjjghe ?HE' F€ £ BUG mQBuEQSFBE%?e&eQ&Ef%e acolsOst g 2, a

netallic material, such as med vi a platlng vapor

deposi 14,01 Qr a%e%&hﬁgg gy Feg&g%‘e PVareinPBh CLOLRG,L 0o { gl ML NPT 3.

Al ternatively € pi ézoe e 2, and
screen pr| nt| ng pl at| ng, 10 vapor deposition of sputtering of a netallic
mat er i §5*8Fc or the like is perfornmed to formthe IDT 3.

19. The method of manufacturing a surface acoustic wave
device according to claims 13, wherein the step of determining
whether the operation frequency is to be increased or decreased
includes the steps:.of examining a frequency characteristic of

5 the surface acoustic wave device to determine an actual
operation frequency and comparing the actual operation frequency

to a desired operation frequency.
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~Then, the surface acoustic wave device 1 is exanmined using an

~appropriate frequency characteristic measurenent instrunent so as to
‘determ ne the actual operation frequency. The neasured 15 actual operation
"frequency is conpared with a designed (or desired) operation frequency
of theaperkace a¢OUsE SIWRYSsHAK ce 1, thereby determining if the
actual Toperation Trequency of the surface acoustic wave device should

be i ncreaseﬁeg\ret ol %@Sg\gnufacturiggt%2%%?%45%#@(%&&9%4@ dA&le 4 1S

formed on t 20 pi ezoelectric su e case where the actual
operat i, qn .frequenc f, the.surfac oust ic_wave devi c. t_bhe
i ncreag&y,lngn%i ﬁolre\gég%’llgcr?&tlgr F&Esgggggl %%? e%nflor?t?%%l%lgta‘}?n%gcaHSducieai/er 4,
On the ot her han%, in the case where the opega%ion, .
provided thereon, includes the steps o orming a coating layer
made of inorganic material ‘or organic material on the
5 piezoelectric substrate so as to cover the interdigital

transducer and etching the coating layer via a laser light to

adjust an operation frequency of the surface acoustic wave

device,
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frequency of the surface acoustic wave device nust be decreased, ays
' an organic material is selected for the coating |ayer 4. The /

coating layer 4 can be fornmed according to a conventi onal met hod. For
exanple, the coating |ayer 4 can be fornmed by an appropri ate net hod

such as spin coating, spray coating, 5 sputtering, vacuum deposition, or
the like. As the material for formng the coating | ayer 4,

vari ous FIG. 1

3y 143 aall 5
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Pﬁofaanic materials and organic materials can be used. It is
preferable to use an inorganic material such as SiJerr], SIO 2ZnQ
Ta[err]Jerr], TiJerr], WJerr], and the like and an organic material such

as 10 polyimde, parylene, silicone and the |ike. The t hi ckness
of the coating layer 4 is determned so as to be greater than the

t hi ckness whi ch causes the frequency change whi ch corresponds to the -
dlfferencéﬂﬁat@pen t he actual operation frequency and the desired
operation frequency. Note that the 15 relationship between the thickness
of the coating layer and the frequency change is to be determned in
advance by neasuri ng. The thickness of the coating |ayer 4 may be
changed according to . t he amount required for each of the surface

acousti c wave

=15, 000 r . — ;
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dévf&és to be adjusted. Alternatively, the thickness of the 20 coating

| ayer- 4 may be fixed at a predeternined val ue which causes a
sufficient frequency change for all of the end-surface reflection type
surface wave resonators 1 to be adjusted. Next, the coating |ayer
4 is irradiated via a laser light 6 by using a | aser device 5 to etch
the coating |layer 4 by burning or vaporizing a portion of
the coati n%lﬁyé 4, as shown in Fig.
E 10, 000 5
o}
N’
[~
b 000
0 -
0 0.05 0.1 0.15 0.2
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1. Imthis etching, the entire upper surface 4a of the coating | ayer 4

may be etched to decrease the thickness of the coating | ayer 4, or the
upper surface 4a of the coating |ayer 4 may be 5 parti-ally-—etched.... An
afount of etching is controlled by adj usting t hie ESLRIEMENTt DHEETager
light. In any case, etching is carried out by usig-tte-taser-geyice
5, and thus, etching can be performed with highf p

During this step, the surface acoustic wave device o be
| oaded into any vacuum chanbers, and etching the ! 14|is
perfornmed at. an atnospheric pressure. As a result, no evacuatingjtine
Is required for this step. In addition, a ' ' tabl e

for etching various

10

15

20

METHOD OF MANUFACTURING SURFACE ACOUSTIC WAVE DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to.a method of manufacturing
a surface acoustic wave device such as a surface acoustic wave
filter, a surface écoustic wave resonator, or the like, and more
particularly, to a-method of manufacturing a surface acoustic
wave device in which a step of adjgsting the frequency thereof

is improved.

2. Description of the Related Art

A surface acoustic wave device is used to define various
components such as a filter, a resonator, and the like. 1In
manufacturing such a surface acoustic wave device, at least one
interdigital transduéer (referred to as "IDT" hereinafter) is
formed on a piezoelectric substrate. In surface acoustic wave
devices, the number of IDTs, and the shape and number of other
electrodes are appropriately selected according to the desired
component .

When used as a filter or a resonator, the surface acoustic
wave device must be manufactured to achieve necessary frequency
characteristics: However, there is a problem that frequency

characteristics of surface acoustic wave devices deviate from

e et
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Ki nds: of materials regardless of the types of materials. Thus, 15 both the
coating |layer made of inorganic material and the coating | ayer made of
organic material can be etched by the sane | aser source without
changing the | aser sources or the nethod of et chi ng. For the
forgoi ng reasons, the frequency characteristics of 20 the surface acoustic
wave device can be correctly matched with the desired frequency
characteristics by etching regardl ess of the variations in frequency
characteristics of the surface wave device 1 before etching. In

addi tion, the frequency adjustnent t hrough-put can be greatly
i nproved. the designed characteristics due to variations of physical

proper;ies between various piezoelectric substrates and poor
manufacturing precision in forming IDTs.
Therefore, a method of manufacturing a surface acoustic

5 wave device has been proposed in which a frequency can be
adjusted by controlling the thickness of a polyimide resin
coating layer formed on the surface acoustic wave device (for
example, see Japanese Laid-Open Patent Publication Nos. 61-
208916 and 8-32392).

10 More specifically, Japanese Laid-Open Patent Publication
No. 61-208916 discloses that an operation frequency of a surface
acoustic wave device can be adjusted by depositing a polyimide
resin coating layer on a surface acoustic wave substrate so as
to have a predetermined thickness.

16 Japanese Laid-Open Patent_Publication No. 8-32392 discloses
a method in which a fluorinated polyimide resin coating is
formed, by a spin coating method to have a thickness
corresponding to an amount of required frequency adjustment, on
the substrate surface where a surface acoustic wave propagates.

20 Japanese Laid-Open Patent Publication No. 8-32392 further
discloses that the fluorinated polyimide resin coating may be
etched by a plasma containing oxygen gas for further adjustment

of the frequency.
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12 « An experinmental exanple is described bel ow As the

surface acoustic wave device 1, a surface acoustic wave device

i ncludi ng the piezoelectric substrate 2 nade of pi ezoel ectric ceranic
¢PZT) and having dinensions of 5 approximately 50 x 50 x 1 mm was
prepared. The IDT 3 as forned I ncluded 20 pairs of electrode fingers,
and was nmade of an alum numthin fgl mwhich was negligibly thin
relative to the wavel engt h. “_"

However, the above-explained conventional methods using a
polyimide resin coating can only decrease the operation
frequency of the surface acoustic wave device. That is, it has
been impossible to adjust an operation frequency of a surface

5 acoustic wave device so that the operation frequency is
increased.

In addition, when the fluorinated polyimide resin coating
is etched by using a plasma containing oxygen gas, it is
necessary to use a vacuum apparatus. Thus, each surface

10  acoustic wave device requiring frequency adjustment must be
loaded into a vacuum chamber and the vacuum chamber must be
evacuated thereafter. 2as a result, it takes considerable time
to adjust the frequency of a large number of surface acoustic
wave devices, which makes the frequency adjustment process have

15 a low through-put.

SUMMARY OF THE INVENTION

To overcome the problems described above, the preferred
embodiments of the present invention provide a method of
manufacturing a surface acoustic wave device, which is capable

20 of adjusting an operation frequency of the surface acoustic wave
device by shifting the operation frequency to both lower and
higher frequency sides and which performs the adjustment of the

operation frequencies of the surface acoustic wave devices with

high through-put. REPLACEMENT SHEET |
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After measuring an actual operation frequency of the 10 surface acoustic

wave device 1l,a SiJerr] thin filmwas forned to cover the entire
upper surface 2a of. the piezoelectric substrate 2 by RF magnetron
sputtering so that the thickness satisfied H[err] = 0.35 wherein H
represents the thickness of the SIQ2 thin film and X represents the
wavel ength of the BGS wave excited by &5 the surface acoustic wave devi ce.
The coating layer including the Sierr] thin filmwas etched by t he

| aser device to decrease the thickness thereof, and the change

[err]flerr] inAEESr&f§$5@$3$rﬁ%%?%ﬁ?@é[éﬁ?qgagéigdgkeﬁﬁgnﬁgeseﬁbe

results are shown in , the change [err]f[err]

(bpm in gggﬁgggzﬁﬁg'f a! REAHERYE | RanutactllIHY A" sLB2aBeILBBLEr  ERlSve L Ne
device having a piezoelectric substrate and an interdigital
transducer provided thereon, includes the steps of forming a

5 coating layef made of an inorganic material or an organic
material on the piezoelectric substrate so as to cover the
interdigital trans@ucer and etching the coating layer via a
laser light to adjgst an operation frequency of the surface
acoustic wave device. |

10 The method may also include the steps of determining
whether the operation ffequency is to be increased or deéreased
and selecting a particular inorganic material for the coating
layer in the case where the operation frequency is to be
increased and se}ecting a particular organic material for the

15 coating layer in the case wherg the operation frequency is to be
decreased. Then, the step of forming the coating layer is
performed based on a result of the selecting step.

The etching step is preferably performed at an atmospheric

pressure. The inorganic material is preferably at least one

20 material selected from the group consisting of Si0O2, 8iO, 2ZnO,
Ta,0s, Ti0,, and WO;. The organic material is preferably at least
one material selected from the group consisting of polyimide,

parylene and silicone.
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surf'ace acoustic wave device having no coating | ayer 4 forned

A3 thereinis f[err], and a difference in frequency fromthe central
frequency f[err] is shown by [err]f[err]. Fig. 3 indicates that
by depositing the coating |ayer including the Sigerr] thin film the
central frequency was increased 5 and that by etching the coating | ayer
via laser light to 5

—

According to preferred embodiments of the present
invention, the operation frequency can be easily adjusted with
high precision, as compared with a conventional method of
adjusting the frequency, and a surface acoustic wave device

5 having exact desired frequency characteristics can be reliably
provided at a low cost.

For the purpose of illustrating the invention, there is
shown in the drawiqgs several forms which are presently
preferred, it being underst&od, however, that the invention is

i0 not limited to the precise arrangements and instrumentalities

shown.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.'l is a.échematic sectional view illustrating the step

of adjusting thelfrequency of a surface acoustic wave device by
15 1irradiation of laser light in d preferred embodiment of the
present invention.

Pig. 2 is a perspective view showing an end-surface
reflection type surface wave resonator as a surface acoustic
wave device obtained in accordance with a preferred embodiment

20 of the present invention.

Fig. 3 is a graph showing the relation betwgeﬁ the etching

amount H/A of an SiO; film and the change Af, in frequency from

the central frequency in an experimental-exampie of preferred

) REPLACEMENT SHEET
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decrease the thickness of the SiJerr] thin film the central

frequency is decreased. It was thus discovered that by etching t he
coating layer by laser light to decrease the thickness t hereof, the
central frequency of the surface wave device 1 can 10 be adjusted with
hi gh preci si on. In the above experinental exanple, a Sio thin
filmwas formed in place of the Si€Jerr] thin filmso that the

t hi ckness satisfied H[err] = 0.2I, and then the fil mwas etched by
t he sane met hod as descri bed above. The results are shown in Fig. 4.

15 Fig. 4 indicates that even in the formation of the Si O coating

| ayer, thembedimehtd rafljudrec premente iadpnsien im Weickes emsddngy layer
etching the coating layer via laser light to decrease the t hi ckness
t hereof. was made of the SiO, £ilm.

Fig. 4 is a graph showing the relation between the etching
amount H/A of an SiO f£film and the change Af; in frequency from
5 the central frequency in another experimental example of the
preferred embodimente of the present invention in which a
coating layer was made of the SiO film.
Fig. 5lis a graph showing the relation between the etching
amount H/A of a polyimide film and the change Af, in frequency
10 from the central frequency in an experimental example of the
present invention in which a coating layer was macde cf preferred
embodiments of the polyimide film.
Fig. 6 is a graph showing the relation between the etching
amount H/A of a barylene film and the change Afy, in frequency
15 from the central frequency in an experimental example of
preferred embodiments of the present invention in which a

coating layer was made of the parylene f£ilm.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Hereinafter, a method of manufacturing a surface acoustic
20 wave device in accordance with preferred embodiments of the
present invention is described with reference to the drawings.
Fig. 1 is a schematic sectional view illustrating the step

of etching a coating layer via a laser in the method of

REPLACEMENT SHEET !
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Al so, an attenpt was made to adjust the frequency by the 20 sane nethod as
the above experinental exanple except that a coating | ayer of
polyimi de as an organic material was forned by a using spinner in
place of the SiJerr] thin filmand the SiOthin filmso that the

t hi ckness satisfied H[err] = 0.11. The results are

14 - shown in Fig. 5. Fig. 5 indidates that the central frequency

manufacturing a surface acoustic wave device in accordance with
a preferred embodiment of the present invention. Fig. 2 is a
perspective view showing the surface acoustic wave device 1
obtained in this preferred embodiment.

5 In this preferred embodiment, the surface acoustic wave
device 1 is an end-surface reflectioq type surface wave
resonator. The surface acoustic wave device 1 includes a
piezoelectric subserate 2 and an IDT 3 formed thereon. The
piezoelectric subst:ate 2 may be made of a piezoelectric single

0 crystal of LiTaO;, LiNbO;, or the like.. Alternatively, a
piezoelectric ceramic such as lead titanate zirconate ceremic or
the like may be used. Further, a substrate including an
insulating material and a piezoelectric thin film such as a ZnO
thin film formed on the substrate may be used.

15 'Comb-shaped electrodes 3a and 3b are arranged on the
piezoelectric substrate so that electrode fingers of the comb-
shaped electrodes 3a and 3b interdigitate with each other to
form the IDT 3. A pair of the outermost electrode fingers of
the IDT 3 having a width substantially equal to about half the

20 width of the other electrode fingers are flush with the end-
surfaces 2a and 2b of the piezoelectric substrate.  In the case
where the piezoelectric substrate including the insulating
substrate and the piezoelectric thin film on the substrate is

used, the IDT 3 may be formed on the piezoelectric thin film, or

) REPLACEMfNT
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was -decreased by formng the coating |ayer including a polyimde thin

filmand that etching the coating layer by irradiation with | aser
light permts frequency adjustnment in the direction in 5 which the
frequency increases as the etching anount increases, i.e., the

t hi ckness of the coating |ayer including the polyimde thin film

decr eases. Simlarly, the sang8 experinment was carried out by

usi ng paryl ene instead of polyimde. The results are shown in Fig. 6.
10 ‘Fig. 6 indicates that after the coating |layer including parylene S
formed, etching the coating layer via irradiation with |aser | i ght
permits fREFNEFEY LRG| iereplerfriaickhin e and) &he sabstrater gdeney a8

i ncreased by increasing the etching anmount, i.e., decreasing the

t hi ckness igfsulisd iogamphgriayer, as in the case of

The surface acoustic wave device 1 uses, for example, a

Bleustein-Gulyaev-Shimizu (BGS) wave. The BGS wave excited by
5 the IDT 3 propagates in the direction X shown in Fig. 2 and is

confined between the end surfaces 2a and 2b by the reflection of
the BGS wave at thg end surfaces 2a and 2b.

In the surfacg acoustic wave device 1, a coating layer 4
(shown by an imaginary line in Fig. 2) is arranged to cover the

10 IDT 3. The coating layer 4 is made of .an inorganic or organic
material, and provided and arranged for protecting the IDT 3 and
adjusting the frequency. One of the essential features of the
present invention is that the coating layer 4 made of either

'inorganic material or organic material is éeledtively used. The

15 coating layer made of inorganiq'material is used for increasing
the operation frequency of the surface acoustic wave device, and
the coating layer made of organic material is used for
decreasing the operation frequency of the surface acoustic wave
device.

20 In this preferred embodiment, the coating layer 4 is formed
after the IDT 3 is formed, and the etching step using a laser is
then performed for adjusting the operation frequency.

The method for manufacturing the surface acoustic wave

LR S

device is generally explained as follows. fLHH%ACEMENTE%EET
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15 pol yi m de. Therefore, the results shown in Figs. 3 to 6 revea
that in the formation of the coating |ayer made of an inorganic
material, the frequency can be adjusted to be decreased by i ncreasi ng
t-he etching amount, i.e., decreasing the thickness of 20 the coating

| ayer, while with the use of polyimde or parylene, t he frequency can
be adjusted to be increased by increasing the etching anount, i.e.,
decreasi ng the thickness of the coating | ayer.

First, the IDT 3 is formed on the piezoelectric substrate
2. The step of forming the IDT 3 on the piezoelectric substrate
2 can be performed by an appropriate method generally used for a
conventional method of manufacturing a surface acoustic wave

5 device. For example, on the entire surface of the piezoelectric
substrate 2, a metallic material, such as Al or the like is
formed via plating( vapor deposition or sputtering, followed by
patterning to form Fhe IDT 3. Alternatively, a mask is placed
on the piezoelectric substrate 2, and screen printing, plating,

10 vapor deposition of sputtering of a metallic material such as Al
or the like is performed to form the IDT 3.

Then, the surface acoustic wave device 1 is examined using
an appropriate frequency characteristic measurement instrument
so as to determipe the actual operation frequency. The measured

15 actual operation frequency is qompared with a designed (or
desired) operation frequency-of the surface acoustic wave device
1, thereby determining if the actual operation frequency of the
surface acoustic wave device should be increased or decreased.

Thereafter, the coating layer 4 is forméd on the

20 piezoelectric substrate 2. In the case where the actual
operation frequency of the surface acoustic wave device must be
increased, an inorganic material is selected for the coating
layer 4. On the other hand, in Ehe.case where the operation

frequency of the surface acoustic wave device must be decreased,
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15 - In any case, it was discovered that by etching the coating

l ayer via irradiation with laser light to decrease the thickness

t hereof, the frequency can be reliably and accurately adjusted to
obtain intended frequency characteristics. 5 Al t hough in the
preferred enbodi nents, the nethod of manuf acturing a surface acoustic
wave device of the present I nventg@n is applied to the nethod of
manuf-act uri ng an end reflection Typée surface acoustic wave device
usi ng a BGS wave, t he manufacturing nmethod can al so be applied to the
manuf acture 10 of a surface acoustic wave device using a surface acoustic

Wave an organic material is selected for the coating layer 4. The
coating layer 4 can be formed according to a conventional
method. For example, the coating layer 4 can be formed by an
appropriate method such as spin coating, spray coating,

5 sputtering, vacuum deposition, or the like.

As the material for forming the coating layer 4, various
inorganic materia1§ and organic materials can be used. It is
preferable to use an inorganic material such as 8iO,, S$iO, 2ZnoO,
Ta.0s, TiO;, WO;, and the like and an organic material such as

10 polyimide, parylene, silicone and the like.

The thickness of the coating layer 4 is determined so as to
be greater than the thickness which causes the frequency change
which co:responds to the difference between the actual operation
frequency and the desired operation frequency. Note that the

15 relationship between the thickqess of the coating layer and the
frequency change is to be determined in advance by measuring.
The thickness of the coating layer 4 may be changed according to
the amount required for each of the surface acoustic wave
devices fo be adjusted. BAlternatively, the thickness of the

20 coating layer 4 may be fixed at a predetermined value which
causes a sufficient frequency change for all of the end-surface
reflection type surface wave resonators 1 to be adjusted.

Next, the coating layer 4 is irradiated via a laser light 6

by using a laser device 5 to etch the coating layer 4 by burning
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ot her than the BGS wave, for exanple, other SH type surface acoustic
waves such as a Love wave, and the |ike and ot her surface acoustic
waves such as a Rayl ei gh wave and the |ike. Furthernore, the

manuf acturi ng nmet hod can be applied to not only 15 a surface acoustic wave
resonator but also to any desired surface acoustic wave devi ces such
as a transversal type or resonat ol ype surface acoustic wave filter,
a surface acoustic wave del ay |ine, and the |ike. Whi | e
preferred enbodi nents of the invention have been 20 disclosed, various
nodes of carrying out the principles di scl osed herein are contenpl ated
as bei ng wirt Mapotrhieingopepoftion of thed ddadingglalarns, dBeskbwrieinifigs

under st ood that the _
1. In this etching, the entire upper surface 4a of the coating
layer 4 may be etched to-decrease the thickness of the coating
layer 4, or the upper surface 4a of the coating layer 4 may be
5 partially etched. An amount of etching is controlled by
adjusting the power of the laser light. 1In any case, etching is
carried out by usigg the laser device 5, and thus, etching can
be performed with high precision.
During this step, the surface acoustic wave device does not
10 have to be loaded into any vacuum chambers, and etching the
coating layer 4 is performed at én atmospheric pressure. As a
result, no evacuating time is required for this step.
In addition, a laser light is suitable for etching various
kinds of materials regardless of the types of materials. Thus,
15 Dboth the coating layer made of_inorganic material and the
coating layer made of organic material can be etched by the same
laser source without changing the laser sourceé or the method of
etching.
For the forgoing reasons, the frequency characteristics of
20 the surface acoustic wave device can be correctly matched with
the desired frequency characteristics by etching regardiess of

the variations in frequency characteristics of the surface wave

device 1 before etching. In addition, the frequency adjustment

through-put can be greatly improved. ¢ eet —
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scope of the invention is not to be |imted except as otherw se set

forth in the clains. VWhat is clainmed is: 1. A
met hod of manufacturing a surface acoustic wave devi ce having a

pi ezoel ectric substrate and an interdigital transducer provided

t hereon, conprising the steps of: formng a coating | ayer nade of
an inorganic material or an- 12

15

20

An experimental example is described below.

As the surface acoustic wave device 1, a surface acoustic
wave device including the piezoelectric substrate 2 made of
piezoelectric ceramic (PZT) and having dimensions of
approximately 50 x 50 x 1 mm was prepared. The_IDT 3 as formed
included 20 pairs of electrode fingers, and was made of an
aluminum thin film‘which was negligibly thin relative to the
wavelength.

After measuring an actual operation frequency of the
surface acoustic wave device 1,a SiO, thin film was formed to
cover the entire upper surface 2a of the piezoelectric substrate

2 by RF magnetron sputtering so that the thickness satisfied

H/A = 0.35 wherein H represents the thickness of the SiO, thin

film, and A rep;ésents the wavelength of the BGS wave excited by
the surface acoustic wave device.

The coating layer including the SiO, thin film was etched by
the laser device to decrease the thickness thereof, and the
change Af; in the central frequency f, was determined. The

results are shown in Fig. 3.

In Fig. 3, the change Af, (ppm) in the central frequency is
shown on the ordinate. Here, the central frequency of the

surface acoustic wave device having no coating layer 4 formed

X's"'.?\: . -f:“\” —.—-—h‘_-—.‘
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5 organic material on the piezoelectric substrate so as to cover t he

i nterdigital transducer; and etching the coating |ayer to adjust
an operation frequency of the surface acoustic wave devi ce.

2. The net hod of manufacturing a surface acoustic wave 10 device
according to claim1, further conprising the steps of:

determ ni ng whet her the operation frequegmcy is to be I ncreased or

decr eased,; selecting the inorganic material for the coating | ayer
i f the operation frequency is to be increased and selecting the 15
organic material for the coating layer if the operation frequency is

to be decrereesin aigl £f,, and a difference in frequency from the central
frequency £, is shown by Af,.

Fig. 3 indicates that by depositing the coating layer
including the Si0; thin film, the central frequency was increased

5 and that by etching the coating layer via laser light to
decrease the thickness of the Si0O, thin film, the central
frequency is decreased. It was thus discovered that by etching
the coating layer by laser light to decrease the thickness
thereof, the central frequency of the surface wave device 1 can

10 be adjusted with high precision.

In the above experimental example, a SiO thin film was
formed in place of the $i0O, thin film so that the thickness
satisfied H/A = 6.21, and then the film was etched by the same
method as described above. The results are shown in Fig. 4.

15 Pig. 4 indicates that even in the formation of the SiO coating
layer, the central frequency can be adjusted to be decreased by
etching the coating layer via laser light to decrease the
thickness thereof.

Also, an attempt was made to adjust the frequency by the

20 same method as the above experimental example except that a
coating layer of polyimide as an organic material was formed by

a using spinner in place of the SiO, thin film and the SiO thin

film so that the thickness satisfied H/A = 0.11. The results are

P

HEPLAGEMENT SHEET

2 2 FEB 1999




perf.orm ng the step of formng the coating | ayer based on a result of

the sel ecting step. 3. The nethod of manufacturing a surface
acoustic wave device according to claim1, wherein the etching step is
performed at an atnospheric pressure. 4. The net hod of

manuf acturing a surface acoustic wave
14

shown in Fig. 5. Fig. 5 indicates that the central frequency
was decreased by forming the coating layer including a polyimide
thin film and that etching the coating layer by irradiation with
laser light permits frequency adjustment in the direction in

5 which the frequency increases as the etching amount increases,
i.e., the thickness of the cogting layer including the polyimide
thin £ilm decreaseg.

Similarly, thg same experiment was carried out by using
parylene instead of polyimide. The results are shown in Fig. 6.

10 Fig. 6 indicates that after the coating layer including parylene
is formed, etching the coating layer via irradiation with laser
light permits frequency adjustment in such a manner that the
frequency is increased by increasing the etching amount, i.e.,
decreasing the thickness of the coating layer, as in the case of

15 polyimide.

Therefore, the results shown in Figs. 3 to 6 reveal that in
the formation of the coating layer made of an inorganic
material, the frequency can be adjusted to be decreased by
increasing the etching amount, i.e., decreasing the thickness of

20 the coating layer, while with the use of polyimide or parylene,
the frequency can be adjusted to be increased by increasing the
etching amount, i.e., decreasing the thickness of the coating

layer.
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devi.ce according to claim 1, wherein the inorganic material is at |east

one selected fromthe group consisting of SiJerr], SIO ZnO

Ta[err]Jerr], Tierr], and WJerr]. 5. The net hod of

manuf acturing a surface acoustic wave device according to claim1, wherein:
the organic material is at |east one selected fromthe group consisting of
polyi m de, parylene and silicone. 15 6. The nethod of manufacturing a
surface acoustic wave device according to claiml, wherein the surface
acoustic wave device is an end-surface reflection type surface acoustic
wave devi ce.

In any case, it was discovered that by etching the coating
layer via irradiation with laser light to decrease the thickness
thereof, the frequency can be reliably and accurately adjusted
to obtain intended frequency characteristics.

5 Although in the preferred embodiments, the method of
manufacturing a surface acoustic wave device of the present
invention is applied to the method of manufacturing an end
reflection type surface acoustic wave device using a BGS wave,
the manufacturing method can also be applied to the manufacture

0 of a surface acoustic wave device using a surface acoustic wave
other than the BGS wave, for example, other SH type surface
acoustic waves such as a Love wave, and the like and other
surface acoustic waves such as a Rayleigh wave and the like.
Furthermore, the'manufacturing method can be applied to not only

15 a surface acoustic wave resonator but also to any desired
surface acoustic wave devices such as a transversal type or
resonator type surface acoustic wave filter, a surface acoustic
wave delay line, and the like.

While preferred embodiments of the invention have been

20 disclosed, various modes of carrying out the principles
disclosed herein are contemplated as being within the scope of

the following claims. Therefore, it is understood that the

scope of the invention is not to be limited except as otherwise

set forth in the claims. REPLACEMENT SHEET
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7. . The met hod of manufacturing a surface acoustlc wave device according
to claim1l1l, wherein the surface acoustic wave device uses a

Bl eust ei n- Qul yaev- Shi m zu wave. 8. The net hod of manufacturing a
surface acoustic wave device according to claim1, wherein the etching
step is done wusing a |laser. 9. The nethod of manufacturing L

surface acoustic wave device accordinggo claim2,” wherein the ste
deternining whether the operation fiequency is to b ullmﬂmtm& “ill
decreased includes the steps of exam ning a frequen

What is claimed is:

1. A method of manufacturing a surface acoustic wave
device having a piezoelectric substrate and an interdigital
transducer provided thereon, comprising the steps of:

forming a coating layer made of an‘ino;ganic material or an

5 organic material on the piezoelectric substrate so as to cover
the interdigital transducer; and

etching the cgating layer to adjust an operation frequency

of the surface acoustic wave device.

2. The method of manufacturing a surface acoustic wave
10 device according to claim 1, further comprising the steps of:
determining whether the operation freguency is to be
increased or decfeased;
" selecting the inorganic material for the coating layer if
the operation frequency is to be increased and selecting the
15 organic material for the coating layer if the operation
frequency is to be decreased; and
performing the step of forming the coating layer based on a

result of the selecting step.

3. The method of manufacturing a surface acoustic wave
device according to claim 1, wherein the etching step is

performed at an atmospheric pressure.
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t he.surface acoustic wave device to determ ne an actual operation
frequency and conparing the actual operation frequency to a desired
operation frequency. 10. A method of manufacturing a surface
acoustic wave 5 device conprising the steps of: ——— ——proviei-ng—a

pi ezoel ectric substrate; formng an i nter on a
surface of the 47 nﬂmm“" “m

4, The method of manufacturing a surface acoustic wave

device according to claim 1, wherein the inorganic material is
at least one selected from the group consisting of S5i0,, SiO,

Zn0, Tazos, TiOQ, and WOs,.

5. The method of manufacturing a surface acoustic wave
device according to claim 1, wherein the organic material is at
least one selected.from the group consisting of polyimide,

parylene and silicone.

6. The method of manufacturing a surface acoustic wave
device according to claim 1, wherein the surface acoustic wave

device is an end-surface reflection type surface acoustic wave

device.

7. The method of manufacturing a surface acoustic wave
device according to claim 1, wherein the surface acoustic wave

device uses a Bleustein-Gulyaev-Shimizu wave.

8. The method of manufacturing a surface acoustic wave
device according to claim 1, wherein the etching step is done

using a laser.

9. The method of manufacturing a surface acoustic wave
device according to claim 2, wherein the step of determining
whether the operation frequency is to be increased or decreased

includes the steps of examining a frequency characteristic of
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pi ezoel ectric substrate; formng a coating |layer on the
pi ezoel ectric substrate to 10 cover the interdigital transducer; and

etching the coating |layer to increase or decrease an operation
frequency of the surface acoustic wave device. A ...,meeL of
manuf acturing a surface acoustic wave devi ce a

wherein the steps of formng a codtg ng | ayer i m "'Euﬁ
formng the coating |ayer of ei ther an organic eriwa

i norganic materi al . 12. The met hod of manufacturing a surface
acousti c wave devi ce according to claim 11, further conprising the

steps of the surface QRIGISHIR NAVANELUSELt DS QPEEARIQD 4k equensy is to be

operation frequency and comparing the actual operation frequency

to a desired operation frequency.

10. A method of manufacturing a surface acoustic wave
5 device comprising the steps of:

providing a piezoelectric substrate;

forming an interdigital transducer on a surface of the

piezoelectric substrate;

forming a coafing layer on the piezoelectric substrate to
10 cover the interdigital transducer; and

etching the coating layer to increase or decrease an

operation frequency of the surface acoustic wave device.

11. A method of manufacturing a surface acoustic wave
device according to claim 10, wherein the steps of forming a
coating layer includes the step of forming the coating layer of

either an organic material or an inorganic material.

12. The method of manufacturing a surface acoustic wave
device according to claim 11, further comprising the steps of:
determining whether the operation frequency is to be
increased or decreased;
15 selecting the inorganic material for the coating layer if

the operation fiequency is to be increased and selecting the

: | REPLACEMENT SHEET
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I ncreased or decreased; 15
coating layer if
‘sel ecting the

selecting the inorganic material for the
the operation frequency is to be increased and

SHEET | "N?Tﬁﬁgigﬂw
N A g

organic material for the coating layer if the operation

frequency is to be decreased; and

performing the step of forming the coating layer based on a

result of the selecting step.

13. The method of manufacturing a surface acoustic wave

device according to claim 10, wherein the etching step is

performed at an atmospheric pressure.

14. The method of manufacturing a surface acoustic wave

device according to claim 11, wherein the inorganic material is

at least one selected from the group consisting of S$i0;, SiO,

Zn0, Tay0s, TiO,, and WO;.

15. . The method of manufacturing a surface acoustic wave
device according to claim 11, wherein the organic material is at

least one selected from the group consisting of polyimide,

parylene and silicone.

16. The method of manufacturing a surface acoustic wave

device according to claim 10, wherein the surface acoustic wave

device is an end-surface reflection type surface acoustic wave

device.

17. The method of manufacturing a surface. acoustic wave

device according to claim 10, wherein the surface acoustic wave

device uses a Bleustein-Gulyaev-Shimizu wave.
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organlc material for the coating layer if the operation frequency is to be
decreased; and performng the step of formng the coating | ayer based
on a result of the sel ecting step. 13. The method of manufacturing
a surface acoustic wave device according to clainkingmheLeLnnLhe_eLching

step is perfornmed at an atnospheric pressure. 4. T thod of
manufacturing a surface acoustic mave 20evi ce accor Eﬂ ?mﬂl
wherein the inorganic material is | east one sel

consisting of Siderr], SiQ ZnG Ta[err]CIerr], TiC{err]ﬁ and VMIer

18. The method of manufacturing a surface acoustic wave
‘device according to claim 10, wherein the etching step is done

using a laser.

19. The method of manufacturing a surface acoustic wave
device according to claims 13, wherein the step of determining
whether the operation frequency is to be increased or decreased
includes the steps -of examining a frequency characteristic of

S the surface acoustic wave device to determine an actual
operation frequency and comparing the actual operation frequency

to a desired operation frequency.

T b v by
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15 The nmet hod of manufacturing a surface acoustic wave device according
to claim11l, wherein the organic material is at |east one selected from
“the group consisting of polyimde, parylene and silicone. 16. The
nmet hod of manufacturing a surface acoustic wave device according to claim
10, wherein the surface acoustic wave device is an end-surface reflection
type surface acoustic wave device. 21 17. The nethod of

manuf acturi ng a surface. acousti c wave—"devi ce according to claim 10,
wherein the surface acoustic wave device uses a Bl eustein-Ql yaev- Shim zu
wave.

METHOD OF MANUFACTURING SURFACE ACOUSTIC WAVE DEVICE

ABSTRACT OF THE DISCLOSURE

A method of manufacturing a surface acoustic wave device
having a piezoelectric substrate and an interdigital transducer
provided thereon, includes the steps of forming a coating layer
made of inorganic material ‘or organic material on the

5 piezoelectric substrate so as to cover the interdigital
transducer and etching the coating layer via a laser light to
adjust an operatioﬁ frequency of the surface acoustic wave

device.

Fig. 1




20 . 18. The method of manufacturing a surface acoustic wave

devi ce according to claim 10, wherein the etching step is done using a
| aser. 19. - The met hod of manufacturing a surface acoustic wave
device according to clains 13, wherein the step of determ ning whet her
the operation frequency is to be increased or decreased I ncl udes the

steps of exam ning a frequency charactea{stic of

FIG. 1
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5 “the surface acoustic wave device to determ ne an actual operation
frequency and conparing the actual operation frequency to a desired
operation frequency.

2
FIG. 3
0
B = 3
& -5.000
(]
Y
< 10,0001 ' .
—15, 000 r . , ; -
0 0.1 0.2 0.3 0.4
. A H/ A (AMOUNT OF ETCHING)
FIG. 4
. FEPLACEMEN” ¢
~ 2 2 FEB 1999
E
Q
-2 =500
[
[ TV
< 10,000
—15, 000 : : ,
0 o1 02 03 o4

AH/ A (AMOUNT OF ETCHING)



FIG. 5
E oo
2
[~}
‘+- ol
) 5'000 /
0 o |
0 0.05 0.1 0.15 0.2
. A H./ A (AMOUNT OF ETCHING)
FIG. 6
e 000 +
o 22 FEB 1999
Q
N
o 5,000 -
e
- <
0
0 0.05 01 0.15 0.2

A H./ A (AMOUNT OF ETCHING)




