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ACOUSTI C WAVE DEVI CE BACKGROUND OF THE INVENTION 1. Field of the Invention
*166166* The present invention relates to a nmethod of manufacturing a

surface acoustic wave device such as a surface acoustic wave filter,

surface acoustic wave resonator, or the like, and nore 5 part
met hod of manufacturing a surface acoustic wave device in whi ’mmmmmmm‘m
adj usting the frequency thereof is inproved. 2. Description of th

Art A surface acoustic wave device is used to define various 10 conponents
such as a filter, a resonator, and the like. In manufacturing such a
surface acoustic wave device, at |least one interdigital transducer

(referred to as "IDT" hereinafter) is formed on a piezoelectric substrate.
In surface acoustic wave devi ces, the nunber of |DTs, and the shape and

e oo oy G6 RUGFAGH G AR SRR Yo el sibb gl Lo the

aﬁoustic wave devi ce mnust be nanufactureglto aﬁh|e¥e necessa;y frequency
char act SPCRPRPD; e AR, SETER. "whve devi cor deLF2$2”$¥omﬂu||M|y| [
208  2.the desi %ﬂgr cteristics due to variations of phys

propertﬁes bgﬁ%égﬁ—&érrguggﬁﬁgfégpectr|c substrates and poor manuf®{ri ng

precision in formng |IDTs. Therefore, a nethod of manufacturing a surface
acoustic 5 wAPE BEEEERThATVESELOPr 5548665 HOWAI B ﬁtgoﬁrgﬁu@ﬁﬁyféﬁﬁuﬁéng

a surface acoustic wave device such as a surface acoustic wave

filter, a surface écoustic wave regonator, or the like, and more
5 particularly, to a'method of manufacturing a surface acoustic

wave device in which a step of adjusting 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 transducer (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
16 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

20 characteristics of surface acoustic wave devices deviate from



adjusted by controlling the thickness of a polyimde resin coating Ié&%#ANZ%}

formed on the surface acoustic wave device (for exanple, see Japanese
Lai d- Open Patent Publication Nos. 61 208916 and 8-32392). 10 Mre
specifically, Japanese Laid-Open Patent Publication No. 61-208916 discl oses
that an operation frequency of a surface acoustic wave device can be

adj usted by depositing a polyi mde reﬁén coating |layer on a surface
acoustic wave substrate so as to have a predeterm ned thickness. 15
Japanese Lai d- Qpen Patent Publication No. 8-32392 discloses a nethod in
which a fluorinated polyimde resin coating is fornmed, by a spin coating

net hod @R igneld e teilRIRANERI tid v :3WMs off A fed frequency
adj ustment, on the substrate surface where a surface acousti'c wave
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di scl os the fluorinate resin coating nmay be e ed by a
pl asma i_nj.ng.. or, f r just ment of the frequency. 3
071 Aﬁ#@%@%ﬁkﬁaﬁggg?ﬁgﬁggéﬁbvéfég%#gﬁﬁldq%%%Ventional met hods using a
pol yi m de resin _caqating _can, onl crease the .operation frequency .of the
surface acou?ltl'ﬁr & dévi &%O%E&ei"‘?,nl’i%[ea%é’flﬁ%eﬁ i &s%qeol%ec? Ydi ust an
operation freguency of surface 5 acqusti c wave device so that the

oper @t i SRV &%déﬁ@y has BRereRSEROI dddMTioR AEE IR (Y Rt od

polyimde resin coating is etched by using a plasma containing oxygen gas,
it is nesassded y gentgyolddnemtdispdtaaknesthef seasiwinideee®imcoustic
wave device requiring frequency adjustnent nust be | oaded into a vacuum
chanber card irige hageuuficaimerben st swe- fencac watcess ttilve meafd atevikse a(fraesul t,
it takes considerable ting
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 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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to adjust the frequency of a |large nunber of surface acoustic wave devices,
whi ch nmakes the frequency adjustnent process have 15 a | ow t hrough- put.
SUMVARY OF THE | NVENTI ON To overcone the probl ens described above, the
preferred embodi ments of the present invention provide a method of
‘manufacturing a surface acoustic wave device, which is capable 20 of

adj usting an operation frequency of t surface acoustic wave devi ce by
shifting the operation frequency to both | ower and hi gher frequency sides
and which perfornms the adjustnent of the operation frequencies of the
surface acoustic wave devices w th high through-put. 0 7 JAN 2003 4
Accordi ng toHowsvieier tde elbuei-exptiladhetiheoprvesenbnabvaathods asimy had of
manuf acturi ng a surface acoustic wave device having a piezoelectric

subst r atpelanichiale iretsdindicgiatdngt cans dudgr deeeendedthbevperationl udes the
steps of formng a 5 coating |ayer nmade of an inorganic material or an
Qrgaanﬂ@@qﬁénﬁy'QE the Ruezaelkealbustiebehiat 8e¥9cas t ehaeves, tie has
interdigital transducer and etching the coating layer via a laser light to

adj ust a3 QP ERdsN e GUeRaY 18k fa?lgogg&faﬁﬁsnaeegaubﬁcwse deyi1eeack0 The

met hod may al sO i nclude the Steps o term ni ng whet hér the operation

freqgency s di. b Jdidesased o cdaer eased and seheetingeacpaghicular

i norgani ¢ material for the coating |ayer PR the Casé where~t he oper ation
frequengy is tocﬁe i ncreased and selecting a particular organic materi al

for the &S g layer in the case where the operation frequency is to be

decreased. Then, the step of fornin% the coating_|layer is perfornmed based
on a result oft AliddioBet WhgTstds. TENOTdnakrAgPelEpMideprefarabPyt HRE T or ned

at an atnospheric pressure. The inorganic material is preferably at |east
one is etched by using a plasma containing oxygen gas, it is

necegsary 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.
SUM Y 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.



20 material selected fromthe group consisting of Si02, SiQ ZnQ TaZQ)%,JANm3
-Ti 02, and W)3. The organic material is preferably at | east one materi al

sel ected fromthe group consisting of polyimde, parylene and silicone. r
0 7 ~" ~I 2003 5 According to preferred embodi ments of the present
‘i-nvention, the operation frequency can be easily adjusted with high

preci sion, as conpared with a conventignal nmet hod of adjusting the
frequency, and a surface acoustic wave device 5 having exact desired
frequency characteristics can be reliably provided at a | ow cost. For the
purpose of illustrating the inventign, there is shown in the draw ngs

sever al fornﬁcﬁﬁFéthrgopPeEéﬁﬁF?rBQeP@PPéHWePF BEi RBeuryeF8Nbod, however,
that the invention is i0 not limted to the precise arrangenents and

i nst rumdAVanRtipPes 3hBRANCBRPEFMBESERCPTFONGOR FHELBRAVRNCESFig. waves a
schematic sectional viewillustrating the step of adjusting the frequency
of a sudksd¢eeabaushgcavaiezdeliecerhy &bbstradeatndnaof ihasedigigal in a
preferred enbodi nent of the present invention. Fig. 2 is a perspective view
show ngtaaneddcaur baceidetll eakirebnt ypAciudkacehvageepesofatormafgaasurface
acoustic wave device obtained in accordance with a preferred enbodi nent 20

of tHe poasenly LAYER mBAe bBEJan3ihdrgadiarRatBeWaldokhanr 8krghhon between
the etching << ambunt H ~, of an SiGZ2filmand the change O'0 in frequency

L&OgbggﬁaEEQHEQ'oBr%HHGBEXzB@1@Et§{BGEhBEEEQEeeé8”BEet8fcBbSQeEBSd 07

interdigital transducer and etching the coating layer via a
laser light to adqut an operation frequency of the surface
acoustic wave device.

10 The method may also include the steps of determining
whether the operation frequency 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 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 SiO2, S$Si0, ZnO,
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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6 enbodi ments of the present invention in which a coating |ayer was ek 'O} 2003
the S film Fig. 4 is a graph showing the relation between the etching
anount H ~, of an Si0O filmand the change ~fo in frequency from5 the
central frequency in another experinental exanple of the preferred

‘enbodi nents of the present invention in which a coating |ayer was nade of
the SiO film Fig. 5is a graph shomﬁﬁg the relation between the etching
amount H ~, of a polyimde filmand t change ~fo in frequency 10 fromthe
central frequency in an experinmental exanple of the present invention in
whi ch a coating |ayer was nade of preferred enbodi nents of the polyimde
film Fig.. I L gra L h j b hi ng anount
H~, of a pa$§F§ﬁ§l$§lﬁ?dﬁggﬁ%gggﬁaﬁaég oéﬁﬁsf§gg§§%c§9§§8%gon1the central
frequenc¥ in_an exFﬁrinentag.exa | e of greferged enbgdingnts of thg
present *I%TBhtPBn FHCWRPER 51 CBaf FRGUFAGEr CaBsPHabR of Yt ABIPEFFFeRE Fi I m
DETAI LED, DESCRI PTI ON OF PREFERRED EMBODI MENTS Her ei nafter, a_nethod of
nanufachhghngrﬁcéﬁ??ﬁcea§CSH§PFEe§OW%EbeadEQPXEnFhOHEEoW8§H€@ RFth
preferred enbodi nents of the present invention is described with reference
to the 8AaWFR§BY Fh§. fYegyenCE¥chdndt AcSYEERFBNAFCVEERC] RSt #AYEAY the step
of etching a coating layer via a laser in the nethod of 0 7 JAN 2003 7
man§ achaving axsarfdeeinedufreauanvy dherseteniscéordanvebai rhldapt¥ferred
enbodi nent of the present invention. Fig. 2 is a perspective view show ng

t he surpaoeideduati @ havecdsti.ce 1 obtained in this preferred enbodinent. 5
In this preferred enbodi nent, the surface acoustic wave device 1 is an

end-surface rekl enti purpype o8riatesvedeihgsenat ohvehbeoslyr tneeeaggustic
wave device 1 includes a

shown in the drawings several 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. 1 is a schematic sectional view illustrating the step
of adjusting thelfrequency of a surface acoustic wave device by

16 irradiation of laser light in d preferred embodiment of the

present invention.

Fig. 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 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



pi ezoel ectric substrate 2 and an IDT 3 formed thereon. The piezoel ecty’ ¢AN 2003
substrate 2 may be nade of a piezoelectric single .0 crystal of LiTa03,

Li NbO3, or the like.- Alternatively, a piezoelectric ceramc such as |ead
titanate zirconate ceramc or the |ike may be used. Further, a substrate
i-ncluding an insulating material and a piezoelectric thin filmsuch as a
Zn0 thin filmfornmed on the substrate aay be used. 15 Conb-shaped

el ectrodes 3a and 3b are arranged on the piezoelectric substrate so that

el ectrode fingers of the conb shaped el ectrodes 3a and 3b interdigitate
with each other to formthe IDI 3. A pair of the outernost el ectrode
fingers of, the |DT 3 ing a w dth substanti.al |y .equal to _about half the
20 wi dt he"o\qoi]%“ée%t%eorpgl\ﬁeecg’rr(ﬁee i r‘}é‘é’re %é'roél TJ‘Inug'ﬁ1 R CRECERE gﬁﬁeﬁces 2a
and 2b of the piezoelectr.ic u?strate. In the case where the piezoelectric
subst r at'#§ H‘ta}cf?dlcﬁg thee lr?§u?é f'ng substrate and the piezoel ectric thin
filmon the substrate is used, the IDT 3 may be forned-on the piezoelectric
thin film orfigp % iFAN TP shawisen thise rgilerdore betveerhithef EteRARE t he
substrate nmade of an insulating material. The surface acoustic wave device
1 uses, dmsurexali exf arBlsdgstfdiln Guldy a®e- Shiafigau AEBGE) feyguerdde Btdmwave
excited by 5 the IDIT 3 propagates in the direction X shown in Fig. 2 and is

conf ned. et vaan-4Ner il etid 3¢ arda 1 4 rche anefharidien o¢f chie BGS
wave at the end surfaces 2a and 2b. In the surface acoustic wave device 1,

2 coati g uered LNAMANEAR Y B RIEng A EiiG, ), Lt anoed Lo

cover t e coating layer 4 an "1 norgani ¢ or organic

mat eri al d. provi arra faqr. pratecting the IDT 3 and adj usting
t he freqdu%aﬁéc%/r.lé)£a e(c)fq‘faf?e]q"easseer?t@%%ef gd'toﬂrfg‘ "6f the present invention is

that the coat | ayer 4 nmade of ei.ther i norgani.c terial or organi,c
material is g&nicﬁa@-?f lgsr&y% fhowing the re atlonn%etween the e c?nng

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 cof 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 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



15 coating layer made of inorganic material is used for increasing th@7 JAN 2003
-operation frequency of the surface acoustic wave device, and the coating

| ayer made of organic material is used for decreasing the operation
frequency of the surface acoustic wave device. 20 In this preferred

‘enbodi ment, the coating layer 4 is formed after the IDT 3 is formed, and
the etching step using a laser is thenp perfornmed for adjusting the
operation frequency. The nethod for nuf acturi ng the surface acoustic wave
device is generally explained as foll ows. r 9 0 7 JAN 208 First, the I1DT
3 is forned_on the piezoelectric sub trate of formn the

on the PREVSBREEEITE SUBLETREE IoOHACHE HEVPoREacRy tOnSRERFORPPR: LFB hod
general ly used for onventional nethod of manufacturing_a surface
acousti & Rafé eﬁrﬁévﬁ@go FﬂﬁnéxgﬁpFée BESERBLeARVRBLAARF acE18F £héS 2

pi ezoel ectric substrate 2, a netallic material, such as Al or the like is
10 forn§§r§PGCﬁPX?|NQEWV§bQWlﬂ§p§§ﬁtﬁ@ﬁféﬁessgpvéﬁiﬁganélﬂ@%@éeb9
patterning to formthe IDT 3. Alternatively, a mask is placed on the

pi ezoel ebtaipedubst thtlte Rredrdrsdr embodimenitng, pl ating, vapor deposition
of sputtering of a netallic material such as Al or the like is perforned to

forrd the | DTI& thienprelfersedf asdoddmesnti, c thaveudguteeatoustexawnred usi ng
15 an appropriate frequency characteristic measurenent instrunment so as to

det er m gevibe actsaknopadaku@fabeeadencytibherypasyuedaast yakeoperation
frequency is conpared with a designed (or desired) operation frequency of

the surtagenaeaus!| niRLa-ALLCachusthe! ghyedabe kNl Ngnkl uiag gotua

peration frequency of surface acoustic wave device shoul e increased

or. decrg@aggelectrlc subs;rate 2 and an IDT 3 formed thereon. The
piezoelectric substrate 2 may be made of a piezoelectric single

0 crystal of LiTaO;, LiNbO,;, or the like.. Alternatively, a
pliezoelectric 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 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



Thereafter, the coating layer 4 is formed on the 20 piezoelectric su%ng%qpa
2. In the case where the actual operation frequency of the surface acoustic
wave device nust 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 nmust be decreased, 0~ .

AN 1003 10 an organic material is selegcted for the coating |ayer 4. The
coating layer 4 can be formed according to a conventional nethod. For
exanple, the coating |ayer 4 can be fornmed by an appropriate nmethod such as
spin coating, spray coating, 5 sputtering, vacuum deposition, or the |ike.
As the nRitgided] ther JiRizBen@dclhq CRALnNE 1hay 8hd% £ NéauBdS HaltQ GRINEC of an
materials and organic naterials can be used. It is preferable to use an

i nor gani;¢ St Siehias Si02, SiO ZnO Ta205, Ti03, W3, and the |ike
and an organic terial such as 10 polyim de, parylene, silicone and the

i ke. The thi,[\tcl_}lic_znessrfofc th%o%o%t.i ng | ay rev4 i sldet ersm r%ed $Q 23 L0 %e
greater than e Wit ACTe SSWRIEF FadSe tﬁgefreaﬁgndy Eﬁénge Wwhich
correspaonds to the difference between the actual operation frequency and
Lhe des Bt SR Y AP Saaty s NBES)t HAYahe 126 BOSAMAdHs o Hreene2h t he
t hi ckness of the coating |ayer and the frequency change is to be determ ned
in advaride AP Tea FHIERG2 E e 1fhitdien 8dg s 10Re Xc SROWRY Wayed -4 Znd@pdhd S
changed according to the anmount required for each of the surface acoustic
wave deviardsinesl hetaderstdg. enc siuxseiced va and 2 dyndde grefilpetioncedt i ng

| ayer 4 may be fixed at a predeterm ned val ue which causes a sufficient
f requendhec Bfifyavaver adl thef enlde seurdasest @ee amef Réct i on type surface wave
resonators 1 to be adjusted. Next, the coating layer 4 is irradiated via a
Lﬁfﬁir nIgi ght &zbythéismrfadeaaerou@ﬁz\iicce:a%t detticle fihe acealatithd dysferd 4by
(shown by an imaginary line in Fig. 2) is arranged to cover the
t0 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 selectively used. The
16 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

device is generally explained as follows.
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0 7..1AN 2003 11 or vaporizing a portion of the coating |ayer 4, as <HbuAN 1003
tn Fig. 1. In this 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 layer 4 nay be 5 partially etched. An
anount of etching is controlled by adjusting the power of the laser |ight.
In any case, etching is carried out by_using the |aser device 5, and thus,
etching can be perforned with high pret€ision. During this step, the surface
acousti c wave device does not 10 have to be | oaded into any vacuum
chanbers, and etching the coating |ayer 4 is perfornmed at an atnospheric
pressure. As Fadnmsgsultthe A®Tevadgatfiorged or ither pdeizoed ekarichissbsteptel n
addition, a laser light is suitable for etching various kinds of materials

regardl ess ahd hadpypss formitietihal IDTTRUSN thebetilzblhe ce@aticngubayeatande
of inorganic material and the coating |ayer made of organic material can be

etched by dae beaR ddsfieds @8 \é‘ptp%&btrlﬁfﬂ%n&b'&%ohh%eh%%ﬂl?O%E@S £8% hhe
nmet hod of etching. For the forgoing reasons, the fréquency Characteristics

of 20 t he, SUfach elh?dé%trfo%l ‘és%"%a%%b Lo tvanstepe-| %%gf%%tel &c%?@l%‘ég‘éd walEh the

desired requency characteristics by etchimng regardliess o e varlations

|n f% char cteristi.cs of %he surf.ace wave deV|c 1 before 18 hi. ng
di 1% ﬁ%

%:he Fé&ﬁ@ﬁ%& adfﬁ%t#@nFnﬁﬁFguéﬁr GEECRF GEegPASEPS Fbsed
AR M P g o de el i fo e
pi ezoel ectric, substrate 2 nmade of piezqgelectric ceramc (PZT) _and havi ng
di mensi &sEmed via platlng, 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,
0 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 compared 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 formed 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 the case where the operation

frequency of the surface acoustic wave device must be decreased,



5 approximately 50 x 50 x 1 nmwas prepared. The IDT 3 as formed incl ggeghN 2003
20 pairs of electrode fingers, and was made of an alum numthin filmwhich
was negligibly thin relative to the wavel ength. After neasuring an actual
operation frequency of the 10 surface acoustic wave device |,a Si02 thin
filmwas formed to cover the entire upper surface 2a of the piezoelectric
substrate 2 by RF magnetron sputtering so that the thickness satisfied H ~.
= 0.3,5 wherein Hrepresents the thic Ress of the Si thin film and ~,
represents the wavel ength of the BGS wave excited by 15 the Surface
acoustic wave device. The coating |layer including the Si02 thin filmwas
etched by the | aser device to decrease the thickness thereof, and the
change ~dro drgarniec ceattenia¥ riogusrincta as ddteeaviatédg Thyeresul t Shar e
shown in Fig. 3. 20 In Fig. 3, the change Oo (ppm in the central

f r equenxpdtsirshavayem 4 hearorisk nidmme dHeraeoridienoc énat faalcohvequtépay 1of t he
surface acoustic wave device having no coating |ayer 4 formnmed p 7 JAN

2003 13 nidiRl N idodf eaxanill @, dHd edencied ndyaquerey beomoirhedcent aal
frequency fo is shown by Oo. Fig. 3 indicates that by depositing the

coat i ng Jianedpd Nl didhdihddes 0% 4 gt iddBe e e Alchitqauency was

increased5 and that by etching the coating |ayer via laser Tight to

decr gas i ckn t i Q2. t hi i t central frequency is
decrgasgsé"t%é%arg(’t ﬁ\ﬁ%c |“§c%§é?séelﬁ‘2]t%1dt rbb’{/ ée chlll%'t he coating | ayer by

| aser light to crease the thickness, thereof, the central frequency of the
surface wave Pd%&%% rﬁa'ﬁ%aﬁo & o ISt WS tfjorﬁtdﬁgpﬁ'g & &n. V%ﬁlPH above
experinmental exanple, a Si0O thin filmwas forned in place of the SiQ2 thin
film so YIRRIAHE (MRS 2RT ITEN1g Materyas cgig behdfeche f£F Afwas

etched by the sanme nethod as described above. The results are shown in Fig.
4. 15 FiRreieyrahiie diesishan ererdanihaat@yial Gwadf ashS1iSo0 S6Qt i Al

Taz0s, 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

16 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 to 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



| ayer, the central frequency can be adjusted to be decreased by etchi&b7ﬂﬁgzm3
coating layer via laser light to decrease the thickness thereof. Al so, an
attenpt was nade to adjust the frequency by the 20 sanme net hod as the above
experinental exanple except that a coating |ayer of polyimde as an organic
material was formed by a using spinner in place of the Si02 thin film and
the SiO thin filmso that the thickneiﬁFsatisfied H~, = 0.11. The results
are 0 7 JAN 2003 14 shown in Fig. 5-°Fig. 5 indicates that the central
frequency was decreased by formng the coating layer including a polyimde
thin filmand that etching the coating |ayer by irradiation with | aser
light permts frequency adjustnment in the diregtion in 5 which the _,
froquendy? YRR UHETBE HRF B g B0 ARG JAYES, 4 82, SRET R Fitdss of
the coating |layer including the polyimde thin filmdecreases. Simlarly,
the sane expdt it StEhiddr ¢ GREIFE YOPRT SANHRETe 4Pn Ste &S0 CAFS IS de.
The results are shown in Fig. 6. 10 Fig. 6 indicates that after the coating
| ayer i N@YRH g TaY BemEdhed donslecress fde hdiskaessg dfapde wioating
irradiation with laser light permts frequency adjustnent in such a manner
t hat t heldyenquenoyr itthe npopeas eshrifipdendreadi ndpet lhoadticly Agyarmudnimay ke |
decreasing the thickness of the coating |ayer, as in the case of 15

pol ybm dearthihel Bf aftechddhe 285 Whrictinth@fn duehings .1is3 dont@olaedabyt hat in the
formati on of the coating | ayer made of an inorganic material, the frequency

can be %ﬁj@@ﬂq%%ﬂ@ PR AHY 1lRereasight . Nerehely /e RPWHchindg s

decreasing the thickness of 20 the coating |layer, while with the use of

pol yi m de, of; farsleng, Jddid reflanee CRNe A U i D JeReigRs APy
i ncreasing the etching anmount, i.e., decreasing the thickness of “the
coating ﬂé“ggrformed 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 wvarious
kinds of materials regardless of the types of materials. Thus,
15 both 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 frequency characteristics of
20 the surface acoustic wave device can be correctly matched with
the desired frequency characteristics by etching regardless 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.



0 7 JAN 208 15 In any case, it was discovered that by etching the C(gazt#AnNgmm
| ayer via irradiation with |aser |ight to decrease the thickness thereof,

t he frequency can be reliably and accurately adjusted to obtain intended
frequency characteristics. 5 Although in the preferred enbodi nents, the

met hod of manufacturing a surface acoustic wave device of the present
invention is applied to the nethod oféggnufacturing an end reflection type
surface acoustic wave device using a wave, the manufacturing nethod can
al so be applied to the manufacture .0 of a surface acoustic wave device
using a surface acoustic wave other than the BGS wave, for exanple, other
SH type surface acoustic ves such as Love ve, ;and the |ike and ot her
surface acoudti EXRAFETEHY §§agp;§yF§iaﬁsﬁéﬁgggngeﬁﬁg'like. Furt her nor e,

t he manuf acturing nmethod can be applied to not only 15 a surface acoustic

wave resonat &S ALFACE AFPUGEdCr ¥aVeuLrYdEeadoudt FETHACE BEQREELCsuch
as a transversal type or resonator type surface acoustic wave filter, a

sur f ace wavsusiEvd ogaviecdalddnd ithe, prasadcefectiriie. swhstsaseefenpdd efbodi ments
of the invention have been 20 discl osed, various nodes of carrying out the
pri nci plpde zdiedelatyda lereini car(@Zfonkeedp hatvedgas imensgowst bifn t he scope of
the following clains. Therefore, it is understood that the scope of the

i nvet i eipproxitlatied o d ixmisioesk exappivads peebareldse sae fortB a8 Ebemefai ns.

0 7 JAN 2003 16 What is clainmed is: 1. A nethod of manufacturing a surface
acousti G AVRIEYICHNIY F 2 1RIRZLRLElhgeraubshuallsanddanoenkgar di gi tal
aluminum thin film which was negligibly thin relative to the
wavelength.
After measuring an actual operation frequency of the
10 surface acoustic wave device 1,a SiO; thin f£ilm was formed to
covexr 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 Si0O; thin
film, and A represents the wavelength of the BGS wave excited by
16 the surface acoustic wave device.

The coating layer including the Si0O, 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.

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



transducer provi ded thereon, conprising the steps of: formng a coatiQ&JAsz}
tayer nade of an inorganic nmaterial or an 5 organic material on the

pi ezoel ectric substrate so as to cover the interdigital transducer; and
etching the coating |l ayer to adjust an operation frequency of the surface
acoustic wave device. 2. The nethod of manufacturing a surface acoustic

wave 10 device according to claim1, further conprising the steps of:
det.erm ni ng whet her the operation fre&é%ncy 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 15 organic

mat eri al e; coati v Aol t operatiaon frequency is ta_be
decreaseF;g%%dgp%$f€?h¥%6i?%gﬁgkgﬁeo efg?ﬁ?ﬁngﬁgcgbngﬁéthgyangggéd on a
result of the selecting step. 3. The nethod of manufacturing a surface
acoust i cEX@IeeReYi Ee it &M ENR ol ai m 1, wherein the etching step is
performed at an atnospheric pressure. 0 7 JAN 2003 17 4. The nethod of
manuf act uri ngF &g suB f wdi exoesttiltatwawe dhve it lagr drltd npatoigd diagel; wherei n
the inorganic material is at |east one selected fromthe group consisting

of Si 02,irktINdZng, tHa2050, B2, fdneh, WMie Zenthalneirkotdeplynaiag aatuebrgda
surface acoustic wave device according to claim1, wherein the organic

mat esi aland SHat E9te ORI GG €16d bt DNy LIS, &F kil CIONR St Mghofe pol yi mi de,
paryl ene and silicone. 6. The nethod of manufacturing a surface acoustic

vave devigerAreor thogihoophdlinds WISl d) h S ihace cagoustigyave device

is an end-surface reflection type surface acoustic Wwave device.
met hod Ogrmégl@tfél@gcgegéjééaceltacvsjalljss'[élguswaa/fscovered 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 Si0O; 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.

16 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 Si0; thin film and the Si0O thin

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



devi ce according to claim1, wherein the surface acoustic wave devi ce 0s 4N 2003
a Bl eust ei n- Gul yaev- Shi m zu wave. 8. The nethod of manufacturing a surface
acoustic wave device according to claim1, wherein the etching step is done
using a laser. 9. The nethod of manufacturing a surface acoustic wave
device according to claim?2, wherein the step of determ ni ng whether the
operation frequency is to be increasegﬁfr decreased includes the steps of
exam ning a frequency characteristic o ~ ~aN zoo3 18 the 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 stefso¥f 3By §Vi9di Ry aFpfez e LGicpE esubdatattdie ARG £ SINEACHT gi t al
transducer on a surface of the piezoelectric substrate; form ng a coating

| ayer oiasheesirerseice bl ifOTaIHsSt tiee cogtimde dpyen Hadlmddmd ¢ rwllyimide
transducer; and etching the coating |layer to Increase or decrease an

oper at i ¢hifr ddlenepdot halte esuhfiage theouskitd ngada yeavibye .1 rirhd iA tienh ed thf
manuf acturing a surface acoustic wave device according to claim10, wherein
t he stepfasefr fldghitngpeanmiaat ifrgguayery addusderrthd ster ofidetiicrg ibhe
coating layer of either an organic material or an inorganic material. 12.

The 5et hed cof thenhagiiencyd idciehisaee adC eue! st AR (MR AGRYiseg t 0
claim1l1l, further conprising the steps of: determ ning whether the

operat | qn o I, eRURN hilckne@PB el REECRIALi0G 185836tk (A P11 iR ge
ganic material for the coating |ayer i he operati o frequency Is to
be increased A% lGekiag the

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.



O 7 JAN TOO3 19 organic material for the coating layer if the operatid]n7~”3‘Nm(13
frequency is to be decreased; and performng the step of formng the
coating | ayer based on a result of the selecting step. 13. The nethod of
manufacturing a surface acoustic wave device according to claim 10,

wherein' the etching step is perforned at an atnospheric pressure. 14. The
nmet hod of manufacturing a surface aco$§ic:mave devi ce according to claim
11, wherein the inorganic material is | east one selected fromthe group
consisting of Si02, SiO ZnO Ta205, Ti02, and W3. 15. . The nethod of
manuf acturing a surface acoustic wave device according to claim11l, wherein
the organic nmaterial is at |east one selected fromthe group consisting of
pol yi m de, pafyP8¥e 88§ sillti ¥88e I186°oVeREANERABILYF SHERLRACRR i SRAE I f ace
acoustic wave device according to claim 10, wherein the surface acoustic
wave devif¥€ri ¥igniswgddarfiose wish desesnlighe Sarfacreaseushe clmknarsi ce.
17. The nmethod of manufacturing a surface acoustic wave device according to
cl ai m 18hewkefei thehdregubacy seoubei cewanblyeandeagsesaely adjusted

Bl eust ei n- Gul yaev- Shi mi zu wave. 0 7 JAN 208 20 18. The nethod of

manuf acttar ioibbg ad ns ihtandedc dusiueneyyvehdewcteriscoeding to claim 10, wherein
the etching step is done using a laser. 19. The nethod of manufacturing a

surffice acouglichowawe idethee pregekteddehBok RbABs 13thvhgeehdy tde step of
det er mi ni ng
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
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.



whet her the operation frequency is to be increased or decreased incl ddedAN 2003
the steps of exam ning a frequency characteristic of 5 the surface acoustic
wave device to determ ne an actual operation frequency and conparing the
actual operation frequency to a desired operation frequency.
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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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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 frequency is to be increased and selecting the
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! :
performed at an atmospheric pressure.

1l4. 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 Si0O;, SiO,

Zn0O, Ta 05, TiOz, 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 graup 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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