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DEVI CE Field [O0001] A certain aspect of the present invention relates to a
fabrication nmethod of an acoustic wave device, and in particular, to a
fabrication nethod of an acoustic wave device including a step of
irradiating a piezoelectric substrate with a | aser beam for exanple. -
Background [ 0002] Acousti c wave devi ces using acoustic waves are snmall and
| ight, can obtain high attenuation against signals outside a given
frequency band, and thus are used as a filter for wirel ess devices such as
nmobi | e phone term nals. The acoustic wave device includes an el ectrode such
as an IDT (Interdigital Transducer) formed on a piezoelectric substrate
[ 0003] There has been known irradPECIFIgATIPNezoel ectric substrate with a
| aser beamto
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Field
[0001] A certain aspect of the present invention relates to a fabrication method of an acoustic
wave device, and in particular, to a fabrication method of an acoustic wave device including a

step of irradiating a piezoelectric substrate with a laser beam for example.

Background

[0002] Acoustic wave devices using acoustic waves are small and light, can obtain high
attenuation against signals outside a given frequency band, and thus are used as a filter for
wireless devices such as mobile phone terminals. The acoustic wave device includes an
electrode such as an IDT (Interdigital Transducer) formed on a piezoelectric substrate.

[0003] There has been known irradiating a piezoelectric substrate with a laser beam to
separate acoustic wave chips formed on the piezoelectric substrate into individual ones. For
example, there is disclosed a laser processing equipment that irradiates a wafer with a laser beam
in Japanese Patent Application Publication No. 2008-100258.  There is disclosed irradiating a
piezoelectric substrate with a laser beam to dice the piezoelectric substrate wafer in Japanese
Patent Application Publication No. 2001-345658. There is disclosed a method of bonding a
semiconductor wafer to a tape and then dicing the semiconductor wafer in Japanese Patent
Application Publication No. 2010-182901.

[0004] When a piezoelectric substrate is irradiated with a laser beam, debris is easily formed



separate acoustic wave chips forned on the piezoelectric substrate into

i ndi vidual ones. For exanple, there is disclosed a | aser processing

equi pnent that irradiates a wafer with a | aser beamin Japanese Patent
Application Publication No. 2008-100258. There is disclosed irradiating a
pi ezoel ectric substrate wwth a |aser beamto dice the piezoelectric
substrate wafer in Japanese Patent Application Publication No. 2001-345658.
There is disclosed a nethod of bonding a sem conductor wafer to a tape and
t hen dicing the sem conductor wafer in Japanese Patent Application
Publ i cati on No. 2010-182901. [0004] When a pi ezoel ectric substrate is
irradiated with a | aser beam debris is easily fornmed if a nmetal |ayer

f or meds et Riydt BEARI RChE blezSdMEtd AbstrdtSisiifridigte@ivit 1 Tader blen.| aser beam
Scattering of conductive debris on electrodes forned on the piezoelectric

Subst rb@erfBWTesndbB@Vd debiis 64 blecBicVRR Ml bR tR] BEEIREES suldirag aEgeSstdrichange
in characteristics of the acoustic wave devi ce. SUWARY OF THE | NVENTI ON

[ 0005] Aegiobeivach ihg cRBurGRRES cattles b BRanRE 85@RtacicRYIRALF e acbivgE vavs dphi@vi ded a

fabrication nmethod of an acoustic wave device including, formng a netal
| ayer between regions that are |located on a piezoelectric substrate and in
whi ch acoustic wave chips are to be forned, at |least a part of a region of

the nmetal |ayer extendi ng $ioy&hEXbeENgiENdizreghivon of a dicing line for
separating the acoustic wave chips; and scanning the dicing |ine of the

pi ezoﬁbg(?st] ric A%H(Hﬁﬁl@f% &n pe@ Jf ARSreLBBR G0k NBere ifRoRtied £BSEcAiRart of the

regio the netal “layer 'is not irradiated wth the | aser beam BRI EF
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a cross-sectional view, respectively, illustrati'ng a part of a fabrication
g;g ﬁgﬁgqa?éd A REARLER HBAEBEY i Fhidh RGERE WA Enid 4B 1 Ao LRIRET, B ke¥€a

part of a region of the metal layer extending to an extension direction of a dicing line for

separating the acoustic wave chips; and scanning the dicing line of the piezoelectric substrate by

a laser beam so that the at least a part of the region of the metal layer is not irradiated with the

laser beam.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1A and FIG. 1B are a plain view and a cross-sectional view, respectively,
illustrating a part of a fabrication process of an acoustic wave device in accordance with a
comparative example;

FIG. 2 is a cross-sectional view illustrating a fabrication method of an acoustic wave
device in accordance with a first embodiment;

FIG. 3 is a plain view of a wafer on which a metal layer is formed;

FIG. 4 is a plain view enlarging an upper surface of the wafer of the first embodiment;

FIG. 5A and FIG. 5B are cross-sectional views illustrating the fabrication method of the

acoustic wave device in accordance with the first embodiment;



FIG 2 is a cross-sectional viewillustrating a fabrication method of an
acoustic wave device in accordance with a first enmbodiment; FIG 3 is a

plain view of a wafer on which a netal |ayer is forned, FIG4 is a
pl ain view enl argi ng an upper surface of the wafer of the first enbodi nent;
FIG 5A and FIG 5B are cross-sectional views illustrating the fabrication

met hod of the acoustic wave device in accordance with the first enbodi nent;
FIG 6A and FIG 6B are a plain view and a cross-sectional view,

respectively, illustrating a fabrication process of the acoustic wave
device in accordance with the first enbodi nent; FIG 7A and FIG 7B
are cross-sectional views illustrating the fabrication nethod of the

acousti c Wwaygs @@\%ng F1: [5BAE6 @ pHanciewwnt B ctdiesédtibsdl visedpeaintly, FIG 8 is a
pl ain view enl argi ng an upper surface of a wafer of a second enbodi nent;

FI G 94y andifd £rablBidh frateld] @it ato@canie AeGEOmSeRE4rico Madh thé Bt
respectively, illustrating a fabrication process of an acoustic wave device

in aceRfidantea;W th the second enbodiment; FIG 10 is a plain view enlarging
an upper surface of a wafer of a third enbodinent; FIG 11 is a plain view

enl argi ng ap[tiPREHd TG AC G Cfos@sdbBbRl viRbwsalldsadfihdihe TRhietheth@nsk the

acoustic wave device in accordance with the first embodiment;

FIG. 8 is a plain view enlarging an upper surface of a wafer of a second embodiment;

FIG. 9A and FIG. 9B are a plain view and a cross-sectional view, respectively,
illustrating a fabrication process of an acoustic wave device in accordance with the second
embodiment;

FIG. 10 is a plain view enlarging an upper surface of a wafer of a third embodiment;

FIG 11 is a plain view enlarging an upper surface of a wafer of a fourth embodiment;
and

FIG. 12 is a cross-sectional view illustrating a fabrication process of an acoustic wave

device in accordance with a fifth embodiment.

DETAILED DESCRIPTION
[0007] A description will be first given of a comparative example. FIG. 1A and FIG. 1B are
a plain view and a cross-sectional view, respectively, illustrating a part of a fabrication process of
an acoustic wave device in accordance with the comparative example. Here, the cross-sectional
view illustrates electrode fingers of an IDT and the like, and the plain view illustrates the IDT
with a rectangle. Referring to FIG. 1A and FIG. 1B, a piezoelectric substrate 10 is bonded on a
sapphire substrate 12. Regions 40 in which acoustic wave chips are 1o be formed are formed on

the piezoelectric substrate 10.  Electrodes 14 are formed on the piezoelectric substrate 10 i the



FIG 12 is a cross-sectional viewillustrating a fabrication process of an
acoustic wave device in accordance with a fifth enbodi nent. DETAI LED
DESCRI PTI ON [ 00071A description will be first given of a conparative
exanple. FIG IA and FIG 1B are a plain view and a cross-sectional view,

respectively, illustrating a part of a fabrication process of an acoustic
wave device in accordance with the conparative exanple. Here, the

cross-sectional viewillustrates electrode fingers of an IDT and the |ike,
and the plain viewillustrates the IDT with a rectangle. Referring to FIG

1A and FI G 1B, a piezoelectric substrate 10 is bonded on a sapphire
substrate 12. Regions 40 in which acoustic wave chips are to be forned are

for medeond4re dihegREk@IRLI4ii€ aS UVE forakanfle. EBhediddes] 4he akeritayed on the
pi ezoel ectric substrate 10 in the regions 40. The electrode 14 is an |IDT

for exapplcRddBempl BEbyY QffSs 14 are electrically connected to bunps 20 by
wirings 18. [0008] A netal layer 16 is formed on the piezoelectric substrate

10 betry@sn tha m&aiinRs 166 folh&d dtihk pReSelEeri AduBstkdtd 85 bdr@eerDiny kdbidig 4bhe
pi ezoel ectric substrate 10 into individual acoustic wave chips. The netal

layer difingXihe5art An&XbEMS ML Hb pRESIQAS: Rbstt€10lingd REivViduatseoddic wive net al

| ayer 16 prevents the el ectrodes 14 from bei ng damaged due to concentration

of el @&lgsi CTEOAEGFIayicERtdnds BRRBMALE dirbdtiods 8 the ARiEAReS 88l tThddi@al
pi ezoel ectric substrate 10, in the electrodes 14 during the fabrication

procesggepPle g&g%ﬁgﬁé%‘&ﬁoa@\’lﬁ ARYb&Re dahRelal&o doB¥Bkradéh didrast dhBg the

dicing l1ne ows the electric charge generated by the piezoelectric

ef f ecty; @ L SubstrR8 16] ifitRG1bdiRass k2 are
Iocatévlﬁhﬁﬁﬁggﬁg%gfaﬁggégﬁqgat?%%é%?ﬁfaﬁﬁlusffatedﬁin FIGF 1B, the dicing

lines @220k hbadbRbebes edcdRACvaPeAIRS, Iﬁé‘%é:%@f‘aﬁ}&% R¥nddBolaser beam

of ;
~24. This Tornms grooves Zg%a ong the dicing lines 22 in the piezoelectric

subst rat &;c&g-img t aio%%l[ agétﬁ& Sha?%bb%%gq&i%{rer@ 53%4 el AdSIthgschesqn gr ooves

26. However, | e netal [ayer iated wth the | aser beam 24, a

nu nberthé)éon%?ﬂ% tﬁkéﬂiﬁplgﬁpé h&ingqm%é:ﬂ h8Mocatdd if P‘ﬁerldfﬁ?rhjly%r agheres on the

el ectrodes 14, shor rcult “occurs between el ectrodes 14. The debris

may ggggﬂsggt e m?u@sg%ﬁﬁﬂ ﬁlcgggfﬁea{&% k}@g@@ iirsqagcteﬁm QBRI BELES4 Sha ¢ of

t he i c wave devi ce. ernore, depths o e grooves 26 becone

smal | .sgﬁ%egrﬁgtﬁehgsegi;%waﬁ 23 &fofink gfoasgl %M&ngﬂe Hi@ﬁxﬁﬁﬁké‘iz layer 16. In

addi tion, perty changed regions~resultingfromthe irradiation of the

| aser angp Be&éc ke Rng. tghé)gjﬁmézﬁ Juestrale&ﬂsggﬁgécﬁfswgitﬁes% fEgde 10 and

the s Ire substrate 1 I's makes 1t di t to cut the piezoelectric

subst rP%v?ev%Q 11%19 Rltal ﬂl?erdlié:iis ﬂ-gadlid-t&fa\%itl%a‘re laser beam 24, a number of conductive

debris 50 scatter.  If the debris adheres on the electrodes 14, short circuit occurs between the

electrodes 14. The debris may modulate the acoustic wave, and change a frequency
characteristic of the acoustic wave device. Furthermore, depths of the grooves 26 become small
because the grooves 26 are formed through the metal layer 16. In addition, property changed
regions resulting from the irradiation of the laser beam 24 are hard to be formed in the
piezoelectric substrate 10 and the sapphire substrate 12.  This makes it difficult to cut the
piezoelectric substrate 10 along the dicing lines 22.

{0010] For example, when an insulating film is formed on the electrodes 14 as a protective

film, the debris 50 adheres on the insulating film. Even in this case, if the insulating film is thin,
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[ 0010] For exanple, when an insulating filmis fornmed on the el ectrodes 14
as a protective film the debris 50 adheres on the insulating film Even in
this case, if the insulating filmis thin, the debris causes short circuit
bet ween the el ectrodes 14. In addition, the debris causes a change in the
frequency characteristic of the acoustic wave device. [0011l] Hereinafter, a
description will be given of enbodi nents solving the above descri bed

probl em First Enbodinment [0012]FIG 2 is a cross-sectional view
illustrating a fabrication nmethod of an acoustic wave device in accordance
with a first enbodinment. Referring to FIG 2, a wafer 42 includes the
sapphire substrate 12 and the piezoelectric substrate 10. A lithium

t ant aki @bHE cAddstdiheMct@bBdt &S tleak @ik $4 UShdiition] thedgirizaedkesat ri c
substrate 10, for exanple. A filmthickness of the piezoelectric substrate

10 i s cRihe8m e FABua®y cRiktdistic bitehielshe savelievide sapphire substrate 12 is
250 gmto 300 gm for exanple. The piezoelectric substrate 10 is bonded on

the S?@m? re geRfhfat 8 ddRriptditwl RCEVRdEembédidlcaisisovifRahé Bbdvldedcgigbdns 40

that are [ocated on the piezoelectric substrate 10 and in which acoustic
wave chiypspare to be fornmed. The netal layer 16 is formed so as to be
| ocat ed between the regions 40. The el ectrodes 14 and the netal |ayer 16

are mggle: @fp&yisetal mainly including alum num copper, or the like. Film
t hi cknesses of the electrodes 14 and the netal |ayer 16 are | ess than or

equa lmgﬁ(ﬂ 21 9NFI@ Qqs QE@S@&Q&&YQ} VRwARGstARhg & MbrR¥Mh&hod HanSEGtiE ddes 14 and

t he tal "l ayer 16 may be forned S|nultaneously or may be forned

S epar ?E@it:é’ in EQ&‘d%&%lfl’P&jﬁrs‘E‘-&nﬂaoﬁiuﬁ&tl DR e fefinga% #1026 s whhs 48hiRtideodR 14 may

i ncl ude a re | ector. lustrates el ectrode fingers of the IDT as the

el ectr ?ﬁgﬁléé bgﬁrﬂte ﬂsaldl;l@l]i onfe!el:ﬁnc @ﬁ%u% foor Edh R hRGlae! &thl'i19ﬂer§ob7af’e and the

net al ﬂ as a prot tlve Tl [0013]FIG 3 is a plain view of

waf er sf?l_r;'stxsﬁlt%I i€ Dsddi6e MBLRLodIANES sdb§tr.'It9 § 86y exBRIRY " IADGInt Bickness of the
piezoelectric substrate 10 is 30 pm to 40 pm, and a film thickness of the sapphire substrate 12 is
250 um to 300 um, for example. The piezoelectric substrate 10 is bonded on the sapphire
substrate 12. The electrodes 14 are formed in the regions 40 that are located on the
piezoelectric substrate 10 and in which acoustic wave chips are to be formed. The metal layer
16 is formed so as to be located between the regions 40.  The electrodes 14 and the metal layer
16 are made of a metal mainly including aluminum, copper, or the like. Film thicknesses of the
electrodes 14 and the metal layer 16 are less than or equal to 1 pm, and are 200 nm to 400 nm,
for example. The electrodes 14 and the metal layer 16 may be formed simultaneously, or may
be formed separately. The electrode 14 is an IDT for example. The electrode 14 may include
areflector. FIG. 2 illustrates electrode fingers of the IDT as the electrode 14.  An insulating
film may be formed on the electrodes 14 and the metal layer 16 as a protective film.
[0013] FIG. 3 is a plain view of a wafer on which the metal layer is formed. Referring to

FIG. 3, the wafer 42 is a wafer formed by bonding the sapphire substrate 12 and the piezoelectric

substrate 10 as illustrated in FIG. 2. The regions 40 in which acoustic wave chips are to be



FIG 3, the wafer 42 is a wafer forned by bonding the sapphire substrate 12
and the piezoelectric substrate 10 as illustrated in FIG 2. The regions 40
i n which acoustic wave chips are to be fornmed are formed in a matri x shape
on the wafer 42. The netal layer 16 is formed so as to be | ocated between
the regions 40. The netal |ayer 16 continuously extends to an edge of the
wafer 42. For exanple, the netal layer 16 is electrically connected to a
back surface of the wafer 42 at the edge of the wafer 42. This enables to
connect the netal layer 16 to ground during the fabrication process of the
acoustic wave device by processing each fabrication step with the wafer 42
being attached to a stage of a fabrication device. Thus, the el ectrodes 14

are prswRALedihaMnbehnex ARREAdhSWETP .t NEneradsliISRE 161 Briesss el bd he
acoustic wave device. [0014]FIG 4 is a plain view enlarging an upper

sur f aggeall teheeeNa Sk giths 4d1€ THeMmSdial @RP U6 BRMuIRSS Blidride®h Arfedgh 6fthd, t he

el ectrodes 14, the wrings 18 and the bunps 20 are fornmed in each of the

regi ons 40 The; &aﬁ@iet BfdnetAl 1hyRr 88isl btk @lly SHARBLE 10 JBRKWIITARSS thb8
electrically 1nterconnect the ‘el ectrodes 14, and electrically connect the

el ect %@5512%%1&%%% benbWIRS 420. THIDEndPWIRo 2hnles ROmAM] Blétd shyBRUAPT exanpl e,

and is a termnal "for providing external connection to the acoustic wave

devi i i i lo @ Ll ki nQfept N
evi Cgiuflﬂ_%gxg@é‘%la%%@l‘g&sggf HXLENLS: havd 8t RGIeQh i F:_ﬁ’%l“ eitfontept he

dicin oes not overlap wwth the dicing lines 22 inits

ext engi; %QWafeﬁhh ?E‘% abfRdPIH & e%ﬁ*a@%\gicﬁi&i\‘x dBedl Thed ART1REHHs0Ake Vi EWS
illustrating the ta ?lcatlon neﬁ%o of the acoustic wave device in

) : X ; . ) : bot t
S P r JERE el ol S ddlabd BTRAGTRBlcaldh proce AR Sybet ihBaetife 2 DOULOM

14 a”fﬂoéﬁz tﬁgiggs é{j???faﬁ%ﬁa@%@la&ﬁw?j@ér aﬂfaaggf{hzs%:f%%@%eoﬁrs@mo\mﬁ&ﬁ 42.

The di'cin b ring l'ustrated in FIG 5B
t he pi t 1l j ! fer 42,
o1 AL EE N R BLE, Mo s {8 aldif HBREL U TR e R o 42
al ong

ICl | 22 6 A : f

of 1 nd e, 3V sleRue i A PRARKERPIET PAEIRTES bRty RS The
- d- t - . H - I
SO0 5o SRR LT RAPR A s RE oo

. Lectri i . ; ' _ . o
't ot g S R doG2 s GATR AP Bk RS AR B ol b shasifyle o e
for ma(%v Qz}é .d%\t}ge.lerth%gnldagélll%t}é ?g e}Eth?c%s! tg%lferexPe?l@i% %ﬁect{o%) 31611(15 ld%il%ﬁiﬂ%g'gl%lug 68

SS-'se ely,

are a pltaln vi ctional "view, respectiv

does not overlap with the dicing lines 22 in its extension directions.

[0015] FIG. 5A and FIG. 5B are cross-sectional views illustrating the fabrication method of
‘the acoustic wave device in accordance with the first embodiment.  As illustrated in FIG. 5A, a
bottom surface of the wafer 42 is bonded to a dicing tape 60, where the electrodes 14 and the
metal layer 16 are formed on an upper surface of the wafer 42.  The dicing tape 60 is held by a
dicing ring 62.  As illustrated in FIG. 5B, the piczoelectric substrate 10, which is the upper
surface of the wafer 42, is irradiated with the laser beam 24. The laser beam 24 scans the wafer
42 along the dicing lines 22. The grooves 26 are formed in the upper surface of the wafer 42 by
the irradiation of the laser beam 24. In addition, the irradiation of the laser beam 24 forms

property changed regions 27, in which property of crystal inside the substrate is changed, in the
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illustrating the fabrication process of the acoustic wave device in
accordance wth the first enbodinent. As illustrated in FIG 6A and FI G

6B, the | aser beam 24 scans the dicing lines 22 of the piezoelectric
substrate 10 so that the netal layer 16 is not irradiated with the | aser
beam 24. A distance L fromthe netal layer 16 to the dicing line 22 is 10 m
to 50 mfor exanple. The distance L may be set within a range where 't he
debris of the netal layer 16 is not formed and a di stance between the
regions 40 can be nmade small. A width Wof the nmetal layer 16 is 5 mto 20
m for exanple. The width Wcan be set within a range where the damage of
the el ectrodes 14 resulting from power collection is suppressed and the

di st ang&obRtveebstie 1098l MSaffhicaibh@temde sigBhfficicAt a8t bRsEthdrRy be
used for the | aser beam 24, for exanple. A second harnonic of Nd: YAG | aser

may bfggm%faﬂa tﬂenﬁo;ﬁe@@%har%%a Rgfdh 27 Riforfea R i irh BB SRUERstDeand4t he

property changed regi ons can be fornmed in the piezoelectric substrate 10

ef fi cirgatd)y bFI(TJ%A%d"FI('&@ee{reQEM biavi g a%ra’yét\g@dﬁ%ﬁgtd‘bv@fres@émep} 500 nm
O her structures are the sane those illustrated in FIG 1A and FIG 1B,

and a 1ﬁfﬁ%ﬁf1h$$ﬂeq{lbrlc§tx%r%&&?oftﬁlggé&llsﬂ séav%vﬁﬁaqn HGrdaf® WL uRRsS- secti onal

VI ews | ustrating t abrication nethod of the acoustic wave device in

accor qafieRinfisk h A@ﬁlugﬂ“eftﬁf ?Tgofgﬂl MIG 65, tht |a4StHeAhed skdhs 'ﬁlecﬁ101zé‘llné »urface

protective sheet 64 1s to the upper surface of the waferF

(111 ugfe rﬂ%t [?ﬁzo%%ﬁg grs ate thé'f b rgi\’etaﬁa‘%]er 15N€ nQV ifrh kel m tB01abS bteél'ﬁ hed

over, I'sp aced on A s pporting stage 66 having a groove

63 extge Bl £ foflfe ﬁ?éfa?ﬁz‘%fol% i ‘tl{eecﬁ&hg ﬂaé)ﬁz e Jﬁln'x & %ﬂpﬁ 'f&f‘exaxggfehatrhé he

surface protective s | ocat e ownwar eak 70 1s

v or e DR At RS (S e b0, B0k 18T A .rf{’:‘gf?egé’ﬂﬁyt an
a1 O ffan T3 B UGS ARSI o Uik oA VIR A2 BbR 1Bk | ERSETE f

t he groove roper anged region 2

vaf er A2 &&ﬁ&&%dfw&\g@m Vil SRR ALf: LR tgyam%g%%f% Jagpiag the

gracks the dicin I nes 2 | 'ongi t udi nal d
above. ruifh fup BASERoekRL éu%@fégéég%ééé%ﬁﬂzﬁ% klen Mo R ERIECY) ong
i dbﬁaf%%ﬂgh”eﬁé% T%ﬁ**’lﬁ#%ﬁaﬁ?%%?ﬁ&b% 45 1 e C“?%Pﬁ%féﬁ P hot
.“.2 oy &g é“ﬂ%ﬂel"ée%%s&'fﬁ%l% ;déécff%aeﬁﬁ@%%@%&%&. it o
pi ezogl g%% bc%% gfﬂ?e%ns can %f nl?{h% p{ﬁ%géﬁggt{lgguqst?at996 ilgtfcfe%ﬁkg: ed

with 9 eam escCri ove

| rradi at ed Wlas?aﬁéeagb asera \%g%mgét of WS nh%ﬁ ET’G I&g&%?rﬁktﬁlleg alteoch4§ WE&SS the

scat t 6Pi'REE v F1S Unt'i ke &"EGnparative

the et hi GyRA TP TR IR T St Fde AR ccatt gftsrﬁ]et ne "
Ther eft W@ﬁ“%ﬁét’%‘ ?t@?%%{eg{?ﬁ%? ?8“%%6“{3”“55# tir§ A5 AR BN BT outs
L e
ar oov U3 TPt o i eeSh B anzee T eh s GRS PR et &
%Eéﬁéa 2G5, VB weladiRebin R TR0 PRt Esae é%'?ﬁ?%ﬂ SePPaPEE 1) ana
[ om BUAR G RaYHE S SEe EhERErUng AL %g%?ﬁﬂb&rq‘:ﬁ' 555 Gt At o st r at ec
e e G et B SR e AR a0

t he el ectrodes, 14
22 from a side of the bottom surface of the wafer 42 (illustrated at an upper side in FIG. 7A) as
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resulting fromthe piezoelectric effect during the fabrication process of
the acoustic wave device. In addition, the netal layer 16 is preferably

el ectrically connected to the back side of the wafer 42. This allows the

el ectric charge generated by the piezoelectric effect to escape to the
stage of the fabrication device. Second Enbodi nent [0020] A second

enbodi nent forns the netal l|layer 16 at both sides of the dicing |lines 22.
FIG 8 is a plain view enlarging an upper surface of a wafer of the second
enbodiment. As illustrated in FIG 8, the nmetal layer 16 is forned so as to
be | ocated at both sides of the dicing lines 22. Qther structures are the
same as those illustrated in FIG 4 of the first enbodi nent, and a

descr i;plit A%y ﬁysano‘{ﬂow 2. THROZbheGn bk AMth b @afd B2 %Ioﬂ%@t Rhbfe ¥itBw and a

Cross- sectlona view, respectively, illustrating a fabrication process of

an ac W%e%?(\/ﬂeﬁ? chihoR€ RRTABNC € RMdrfind B9 16EADME RO RRIALdedAS

illus rate in Fl 9A” and “F1 G” 9B, a regi on sandwi ched by the nmetal |ayer

16 is }lté rx@tﬁhﬁhﬁ%&fﬂs{l@ Wrab@c}l FSE] bPRATINg the c-lfﬁtqts dit 4 BRGerdr @ra%ﬂgttﬁhedlﬂiﬁg al

| ayer e dicing Irne 22 1's 10 gmto 50 mfor exanple. The distance L

fromt @@s ﬂffngzl loh@UR nail'élrébrtlmg Q?(% §iagf§ale1reEtlftﬁl idh&tng ihiPRE 322 1 dei@ivdiici ng

i ne ua to or erent fromthe distance L fromthe netal

| ayer O%El} talagus?itc kkfé(/f 5151@?4@%&% rzgécf:fnﬂgmhfvﬁﬁla%e% Qohp %GQil&hQHnéslzﬂe 22. The

wi dt h nmet a mto 20 mfor exanple. The netal |ayer

16 at ]%gﬁ tﬁéf ge?)ﬁ&{edtalggﬁ‘sg Wa@gc}agg,%g[g mgdﬁ '\r/e a wdth equal to or different

fromt ayer at the ot side of the dicing line 22.

Q her éﬁ@fﬁ“ ULESI Er&te&Eheﬂ%?HEth@ e{aﬁ‘&?z& féik'f'&wtnreafségsh t&%\%ﬂag%ﬂme FIG 6B

of th st enb I men and escr ptionis omtt 0022] The first

enbomcﬂ%né line rz{é‘il E}I%%'rgfee%opin?éﬁ?r A@illﬂ%trfff&i %ﬁ@%}&éﬂﬁl@{ 6 Nfe A&inagm! 1 ne 22.

Thus cul't™to a I'gnh the wafer 4 scan direction of the

haser Ztaes%fgﬁs%éé dl%gth}ﬂgs 22 of the piezoelectric substrate 10 so that the metal layer 16 is not

irradiated with the laser beam 24.  As described above, the metal layer 16 is not irradiated with
the laser beam 24, and thus it is possible to suppress the scattering of the conductive debris
unlike FIG. 1B of the comparative example. The debris scatters less in the piezoelectric
substrate 10 than in the metal layer 16. In addition, even if the debris scatters in the
piezoelectric substrate 10, it is non-conductive, and has a small density. Therefore, it is
possible to suppress short circuit between the electrodes 14 resulting from adherence of the
debris on the electrodes 14, and to suppress a change in the frequency characteristic of the
acoustic wave device caused by modulation of the acoustic wave. Furthermore, since the
grooves 26 are formed in the piezoelectric substrate 10 without the metal layer 16, the grooves
26 can be formed deep. In addition, the property changed regions 27 are easily formed in the
piezoelectric substrate 10 and the sapphire substrate 12.  These prevent the piezoelectric
substrate 10 from being hard to be cut along the dicing lines 22.

[0019] As illustrated in FIG. 3, the metal layer 16 preferably continuously extends to an edge

portion of the piezoelectric substrate 10.  This suppresses the damages of the electrodes 14
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contrary, as described in the second enbodi nent, when a first region of the
nmetal layer 16 is forned at one side of the dicing |line 22 and a second
region of the nmetal layer 16 is forned at the other side of the dicing |ine
22, it becones easy to align the wafer 42 with the scan direction of the

| aser beam 24. On the other hand, it is preferable to formthe netal |ayer
16 at only one side of the dicing line 22 as described in the first

enbodi nent in order to shorten the distance between the regions 40 in which
t he acoustic wave chips are fornmed. Furthernore, as described in the first
and second enbodi nents, the netal |ayer 16 nmay have a straight |ine shape
extending to the extension directions of the dicing |ines 22. This enabl es

to's h?ésﬁ%fgtfﬁaﬁm Ak ple2bga et MR eMurldand B8HoRn PRoded WM LhobAR AROUSIES Wave
chips are forned. The netal |ayer 16 may havé a straight |ine shape from

the e‘ﬂggddti or 4G QA1 léet%? 1 %ﬁéfeﬂagly ety BaMRcRd & thab8dkisidd dTehsRaRe in a
t Oin I ch

range o he regi on a single acoustic wave chip is to be
formeds Thpt duSNoadieent chige %Jlérgt&f Hydne gﬁ%@z&%ﬁ effell {TRsdpE 1Bt 3agd ayer 16
in a zrg-zag manner so that "the netal” layer 16 crosses the dicing |ines.

FI G i B - YdeEW enl argi ng an upper surface of a wafer of the third
enbod%gg%?aﬁgghﬁi Ustrated in FIG 10, the netal layer 16 includes first
regi oRg. }9PmIRQfRad regions 16b and third regions 16¢c. The first regions
16a are regions extending to the extension directions of the dicing |ines

22 at ;ong) i dgg.Qfg teggoﬂhl%hlg@n{aé € Snefed 'lz%y-g?ﬁ6e§tg)$)%gdés%gitl%rlﬁciﬁéﬁn%r29. regi ons

extending to the extension rectirons o cing lines 22 at the other

oo £, #108 ol g chla5e APupnkN Skl DFs (88 B\ WaGpAERniBgLAN® asONNECt i Ng

the first redions second regi ons e respective w dths of

ng g@h%g@%ﬁﬁfﬁﬂﬁ§Jh93%ﬁ§k&&fﬁﬁf%ﬁ%&B@?a%@ﬂmq&&&ﬁg%Pﬂﬂﬁkﬁgkﬁ clRgons 16¢

0 eac r-or ren rom eac er. er structures

Gegor 1ET 2n (g BRES o O SR e M palfa iR of P SRRRAREEE, - P S

sufficiggtecﬁ Pﬂlk%aﬁ ot Part of the metal layer 16, i.e. the regions 1l6a
and 168 gxﬁéﬁ&% PO"'He ext ension directions of the dicing lines 22. Wen

e, PUGEAF! eoH, GATEFI30%ed Oul VESTEA LAt P! Bl 26, 11 1

e’extensi on directions

oSSBT BB AL A S e BRSE BRRT: gloser e, I

the t even e regions are irradiated with the
ot o L R R el
PP 28 e R Sl TSR B STt Ryt oed
o205 900 30 5b DR Bl £ FREREP [l HREDE SRR,y e

S\ S LS PR Rerk e MR R B PP R B L,
the secoNduerPOL 8 Mher side of the dicing line 22 to the dicing line 22.  The width W of the

metal layer 16 is 5 um to 20 pm for example. The metal layer 16 at one side of the dicing line

22 may have a width equal to or different from that of the metal layer 16 at the other side of the

dicing line 22.  Other structures are the same as those illustrated in FIG. 6A and FIG. 6B of the

first embodiment, and a description is omitted.

[0022] The first embodiment forms the metal layer 16 at only one side of the dicing line 22.

Thus, it is difficult to align the wafer 42 with a scan direction of the laser beam 24, On the
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Fourth Embodi ment [0026] A fourth embodi ment does not provide the third
regions 16c between the |DTs located in adjoining regions 40. FIG 11 is a
pl ain view enl argi ng an upper surface of a wafer of the fourth enbodi nent.

As illustrated in FIG 11, the third regions 16¢c are not |ocated between
the electrodes 14 (e.g. IDTs) located in the adjoining regions 40. O her
structures are the sane as those illustrated in FIG 10 of the third

enbodi ment, and a description is omtted. [0027] The debris possibly
scatters in areas adjacent to the third regions 16¢c. The fourth enbodi nent
does not provide the third regions 16¢c between the |IDTs, and thus
suppresses the scattering of debris on the IDTs. In addition, when the

condugd ey, deldsibRIaa tieSeSorenttd@inkiRehed A firbttegias DEdE ¥RAR fyeDRI Meen the
bunmps 20 and an external device may deteriorate, or short <circuit may

occur ffé}ﬁltewaﬁaqetﬁkf‘e HYPSCRL 1186 2DSLVLERoh R glH WP thedfktaANskct Ne issbesdd Rdrs 14.

Therefore, the third regions 16c are preférably not | ocated between the

bunps ,4Q, siﬁé b fRe hﬁ%@ t bOQARE T b Lfidine Ward et ths&en dirfitRAGE! ectri c

t;
substrate Tor a wafer. G 12 is a cross-sectional view of a fabrication

procegs. 19fer BELRSPUSHI e WRIEE haRY HGEplefrARCRI AN AR dthiNayeh €6 & drlNoiEedi ment .

The sapphire substrate 12 Is not p?ovided to the wafer 42. Qther structures

are t Bﬁh%%lﬁ@n%ﬁ%etn%%t)atcsgiggérfbg& 1 @t &6kt bRAb5diGenOR ofer th@oftks 8 sdeeli ment, and a

description i
between the regions 40 in which the acoustic wave chips are formed. Furthermore, as described

in the first and second embodiments, the metal layer 16 may have a straight line shape extending
to the extension directions of the dicing lines 22.  This enables to shorten the distance between
the regions 40 in which the acoustic wave chips are formed. The metal layer 16 may have a
straight line shape from the edge to edge of the wafer 42, or may have a straight line shape in a
range of the region 40 in which a single acoustic wave chip is to be formed.

Third Embodiment

[0023] A third embodiment forms the metal layer 16 in a zig-zag manner so that the metal
layer 16 crosses the dicing lines.  FIG. 10 is a plain view enlarging an upper surface of a wafer
of the third embodiment. As illustrated in FIG. 10, the metal layer 16 includes first regions 16a,
second regions 16b and third regions 16¢c. The first regions 16a are regions extending to the
extension directions of the dicing lines 22 at one sides of the dicing lines 22.  The second
regions 16b are regions extending to the extension directions of the dicing lines 22 at the other
sides of the dicing lines 22. The third regions 16¢ are regions connecting the first regions 16a
and the second regions 16b. The respective widths of the metal layer 16 in the first regions 16a
through the third regions 16c may be equal to each other or different from each other. ~ Other
structures are the same as those illustrated in FIG. 4 of the first embodiment, and a description is

omitted.
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[ 0029] As described in the first through fifth enbodinments, it is sufficient
i f at |east the piezoelectric substrate 10 is included in the wafer 42. The
surface acoustic wave device is described as an exanple of the acoustic
wave devi ce, but the acoustic wave device may be a Love wave device or a
boundary acoustic wave device. [0030] The first through fifth enbodi nents
formthe netal layer 16 at all four sides of the regions 40 in which the
acoustic wave chips are to be fornmed, but it is sufficient if the netal

| ayer 16 is formed at | east one side out of the four sides. [0031]Although
t he enbodi nents of the present invention have been described in detail, it
Is to be understood that the various change, substitutions, and alterations

coul dt[m4ﬁradeAl§| aLLtie V&d’\f’nttﬁ@ﬂﬁﬁrd @%Q&Heﬁg ltf1§ Qﬁiﬁélgﬂ iBRilEdsta ﬁd}ﬂoﬁﬁ@ﬁ@tapf the

i nventi on is clained is: .A fabrication nethod of an

aCOUStlé)%r YRVE. tﬂ@Yég?cﬁlquMd W) Extends to the extension directions of the dicing lines 22.

When the piezoelectric substrate 10 is irradiated with the laser beam 24, it is sufficient if the
regions 16a and 16b extending to the extension directions of the dicing lines are not irradiated
with the laser beam. As described in the third embodiment, even if the third regions 16c are
irradiated with the laser beam 24, the regions irradiated with the laser beam 24 are a small
portion of the whole region, the formation of the conductive debris is suppressed as well as the
first and second embodiments.

[0025] As described in the third embodiment, the first regions and the second regions are
focated so that they do not overlap each other in their extension directions. This enables to
form the metal layer 16 at both sides of the dicing lines 22 in a zig-zag manner. The third
embodiment enables to align the wafer 42 with the scan direction of the laser beam 24 more
easily than the second embodiment.

Fourth Embodiment

[0026] A fourth embodiment does not provide the third regions 16¢ between the IDTs
located in adjoining regions 40. FIG. 11 is a plain view enlarging an upper surface of a wafer of
the fourth embodiment.  As illustrated in FIG. 11, the third regions 16¢ are not located between
the electrodes 14 (e.g. IDTs) located in the adjoining regions 40.  Other structures are the same
as those illustrated in FIG. 10 of the third embodiment, and a description is omitted.

[0027] The debris possibly scatters in areas adjacent to the third regions 16¢c.  The fourth
embodiment does not provide the third regions 16¢ between the IDTs, and thus suppresses the
scattering of debris on the IDTs. In addition, when the conductive debris scatters on the bumps

20, the adhesiveness between the bumps 20 and an external device may deteriorate, or short
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formng a netal |ayer between regions that are | ocated on a piezoelectric
substrate and in which acoustic wave chips are to be forned, at |least a
part of a region of the nmetal |ayer extending to an extension direction of
a dicing line for separating the acoustic wave chips; and scanni ng
the dicing line of the piezoelectric substrate by a | aser beam so that the
at least a part of the region of the netal layer is not irradiated with the
| aser beam wherein wherein 2. The fabrication method of the acoustic wave
device according to claim1, the netal |ayer continuously extends to an
edge portion of the piezoelectric substrate. 3. The fabrication nmethod of
the acoustic wave device according to claim1 or 2, the neta

layer .ipgl h'ﬁ?%cc%r bédwtn {h%%hfh@s 20} Bdtwbeh thdBurds 2eABthSelB@fddePf4.t he region
of the netal” layer and is located at one side of the dicing line, and a

Secongyf, %%r@ he MdQ%lbﬁS ltéia%reaﬁrefeﬁa%? nd |R@HH befwekh ﬂlerlﬁ:‘lﬁip@ npof the netal

| ayer an | ocat ed” at anot her the dicing line. 4. The fabrication
met hod;&f gL BE4iARAUSt i ¢ wave device accordlng to claim3, wherein

[0028] The fifth embodiment uses a piezoelectric substrate for a wafer. FIG 121isa
cross-sectional view of a fabrication process of an acoustic wave device in accordance with the
fifth embodiment. The sapphire substrate 12 is not provided to the wafer 42.  Other structures
are the same as those illustrated in FIG. 6B of the first embodiment, and a description is omitted.
[0029] As described in the first through fifth embodiments, it is sufficient if at least the
piezoelectric substrate 10 is included in the wafer 42. The surface acoustic wave device is
described as an example of the acoustic wave device, but the acoustic wave device may be a
Love wave device or a boundary acoustic wave device.

[0030] The first through fifth embodiments form the metal layer 16 at ail four sides of the
regions 40 in which the acoustic wave chips are to be formed, but it is sufficient if the metal
layer 16 is formed at least one side out of the four sides.

[0031] Although the embodiments of the present invention have been described in detail, it
is to be understood that the various change, substitutions, and alterations could be made hereto

without departing from the spirit and scope of the invention.
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the metal |ayer includes a third region connecting the first region to the

second regi on. 5. The fabrication nethod of the acoustic wave

devi ce according to claim4, wherein the first region and the
second region are |l ocated so as not to overlap each other in the extension
di rection. 6. The fabrication nmethod of the acoustic wave device

according to claim4 or 5, wherein wherein wherein the third region is not
| ocat ed between | DTs forned on the piezoelectric substrate. 7. The
fabrication nethod of the acoustic wave device according to claim1l or 2,
the netal layer is fornmed at only one side of the dicing line. 8. The
fabrication nmethod of the acoustic wave device according to claim3 or 7,
the netal |ayer has a straight |ineLsinage.

What is claimed is:

1. A fabrication method of an acoustic wave device comprising:

forming a metal layer between regions that are located on a piezoelectric substrate and
in which acoustic wave chips are to be formed, at least a part of a region of the metal layer
extending to an extension direction of a dicing line for separating the acoustic wave chips; and

scanning the dicing line of the piezoelectric substrate by a laser beam so that the at least

a part of the region of the metal layer is not irradiated with the laser beam.

2. The fabrication method of the acoustic wave device according to claim 1,
wherein

the metal layer continuously extends to an edge portion of the piezoelectric substrate.

3. The fabrication method of the acoustic wave device according to claim 1 or 2,
wherein

the metal layer includes a first region, which is the at least a part of the region of the
metal layer and is located at one side of the dicing line, and a second region, which is the at least

a part of the region of the metal layer and is located at another side of the dicing line.

4, The fabrication method of the acoustic wave device according to claim 3,

wherein
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9. The fabrication nmethod of the acoustic wave device according to any one
of clains 1 through 8, further conprising: separating the acoustic wave
chips into individual ones along the dicing |ine.

the metal layer includes a third region connecting the first region to the second region.

5. The fabrication method of the acoustic wave device according to claim 4,
wherein
the first region and the second region are located so as not to overlap each other in the

extension direction.

6. The fabrication method of the acoustic wave device according to claim 4 or 5,
wherein

the third region is not located between IDTs formed on the piezoelectric substrate.

7. The fabrication method of the acoustic wave device according to claim 1 or 2,
wherein

the metal layer is formed at only one side of the dicing line.

8. The fabrication method of the acoustic wave device according to claim 3 or 7,
wherein

the metal layer has a straight line shape.
9. The fabrication method of the acoustic wave device according to any one of

claims 1 through 8, further comprising:

separating the acoustic wave chips into individual ones along the dicing line.
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