20 January 2006 1 DESCRI PTION Surface Acoustic Vave -devixperandhi hoek of
Manuf acturing the Sane, and Electronic Conponent Using the Sane 5

Technical Field The present invention relates to a surface acoustic wave
(SAW device to be used in comunicatin apparatuses, a method of

manuf acturing the sane . device, and el dctronic conponents using the sane
devi ce. 10 Background Art A conventional surface acoustic wave (SAW device
has been nanufactured in the foll g #pfoNyirst, form netallic thin film
- on the overall. . surface of a piezoelectric substrate, second, apply
resi st thereon, expose it to 15 |light before devel opnent. Then provide it
with etching, thereby formng a plurality of desired el ectrode patterns

i ncl udi ng dest ' i M) B Q##] . ting

refl ector eIe%??%ggg&ﬁ&Fﬁg?%%ﬂg?%%? reygfég ?E%s re%&ggggim’gpgctrodes),
di cing lines surrounding SR, : d narrow lines :
coupling those el enents. i na ?, cdﬁgﬁﬁgfgﬁggg$§§gﬁglong the dicing |ines
into 2@ pieces of SAWdevices. In the SAWdevice nanufactured by the
foregoing nethod, i.e., a piezoelectric substrate is diced into the

pi eces, thgchiibabFRgqrodes and the reflector electrodes are electrically
separ at ed, th%s ap%?yi ng heat or distortion to the. SAWdevi ce produces

el ectric chargqsdigsd:f iB%l?ﬁJgF gécl%fe% t@faLﬁﬁfacgf%cBﬁ&i@%a?h 35%%5{&3%

substrate. Uneven ‘anbunts' o ric charges between
be used in communication apparatuses, a method of manufacturing the same

device, and electronic components using the same device.
10
Background Art
A conventional surface acoustic wave (SAW) device has been
manufactured in the following way: ﬁrst,"fornimetéﬂic thin film-on tﬁe OVQrall. ,
surface of a piezoelectric substrate, second, apply resist thereon, expose it to
15 light before development. Then provide it with etching, thereby forming a
plurality of desired electrode patterns including desired inter-digital transducer
{IDT) electrédes, grating reflector eléctiodes'(hereinafter referréd.to as reflector
electrodes), dicing lines surrounding thel foregoing electrodes, and narrow lines
"coup]jng those elements. Finally, cut the substrate-a.long the dicing lines into
l20 pieces of‘SAW devices. | _ _ | . |
In the SAW device manufactured by the foregoing method, ie., a
piezoelectric substrate is diced into the pieces, the IDT electfo_des and the
N reﬂeétor electrodes are electrically separated, thus applying heat or distortion to
the. SAW device produces electric charges due to pyroelectric effect of the
25 piezoelectric substrate. Uneven amounts of electric charges between the
respective electrodes cause an electrical discharge Between the IDT electrodes

opposite to each other, between the reflector electrodes, or between the IDT




respective el ectrodes cause an el ectrical discharge bet vegyahfigy bbls

el ectrodes opposite to each other, between the reflector electtodes, or
between the I DT 20 January 2006 2 el ectrode and the reflector el ectrode.
Those di scharges damage the el ectrodes, or degrade the electrical
properties of the- SAWdevice. Japanese Pat ent Appl i cation Non-exam ned
Publication No. H | -298289 discloses a nethod for overcom ng the probl ens
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degraded its electrical properties due to electric discharges. In the meantime,

~ dicing lines are border lines that partition plural SAW devices formed on a
piezoelectric substrate into pieces. The dicing line is made of the samé material _
as the IDT electrode, and the material undergoes photo-lithography and etching

15  before it becomes a dicing line. |

In the foregoing structure, ie., short-circuited narrow lines made of

metallic thin film are provided inside the dicing lines such that the narrow lines

surround the IDT eiectrodes and reflectors electrodes, and a plurality of Narrow

lines are provided for connecting electrically those short-circuited narrow lines

' 20‘ -made of metallic thin film with the IDT eleétrddes, there are st:]l probléms. as

follows: Impedance between the lines becomes higher, so that the electric

charges produced cannot be sufficiently uniformed, which resuits ‘in discharges

between. the electrodes. As a result, the electrodes are damaged or electrical
properties are degraded. Those problems occur in the following cases: a case -

25 where a large amount of electric charges is produced due to a sharp change in

temperature, a case of short distances between ele‘ctrodes, a case where the

coupled electrodes are away from each other, a case where the width of the line




between. the electrodes. As a result, the electrodes are 2?@

el ectrical properties are degraded. Those problens occur in the é?lomﬁng
cases: a case 25 where a large anount of electric charges is produced due
to a sharp change in tenperature, a case of short distances between

el ectrodes, a case where the coupl ed eBectrodes are away from each other, a
case where the width of the [ine 20 January 2006 3 coupling the

short-cirgyj i . LIjcthip filmwih the | D | e ode is
arron altmEtt O SHIPERAU IR e b0 mucrefT i R BT Gl
than a neeledebdé iid@arfiw,SQ@MBasPaikhéreOfhd RedIHsNSE BhEs RAEA qwien:oﬁ;{%&g the other
parts of the line. Summary of the Invention Exanple enbodi nents of the

present | RYFAVED thayo hvisearnderfloree goisome ppribbetie bnel asé matrowpr thénléha SAW
device, a ! t hod. of ﬁraﬁﬁfgacturi ng the sanme device, and electronic
conponent ¥BGE PRGNS HRE devi ce. Wien the SAW device of the present
invention is manufactured, electric charges produced by a heat treatnent
applied to a piezoelectric substrate may be uniformy spread over
respect i vumhentraddhe suvdmaes of the SAW device. Thus after the substrate
is split into_pieces of SAWdevices, damages of the el ectrodes by an
electric di schargeleoenhodimenatsi of the present i ipaenionmpwive ¢be aboregmuagyi ng

L T e e TR T N R
there is Qpgy Hgﬁ@e,aan@él!ééﬁﬁﬁic%ﬁib%hieﬁts“@éiﬁ? (tﬁé‘\é%m@qyévg’c% i 8Hw @
pi ezoel ectric substrate; a conb el ectrode Tornmed on sald substrate; a
r ef | ect ordestiecofi theteprdiapdaeentidro semynalavgred, eleaidd tigrgds pesdiced 18fa
heat treatment applied to a piezoelectric substrate may be uniformly spread
over respective electrode-surfaces of the SAW device. Thus after the substrate is
split into pieces of SAW devices, damages of the electrodes by an electric
discharge or degradation of electrical properties accompanying the electric
potential differences due to pyroelectricity of the substrate may be prevented.
According to a first aspect of the present invention, there is provided a
surface acoustic wave (SAW) device comprising:
a piezoelectric substrate;
a comb electrode formed on said substrate;
a reflector electrode disposed closely along a traveling direction of
a surface wave generated from said comb electrode; |
a frame-like short-circuited auxiliary electrode, of which width
- varies depending on places, for surrounding said comb electrode and said
reflector electrode; and a dicing line at outer periphery of said auxiliary
electrode. |
According to a second aspect of the present invention, there is provided a
surface acoustic wave (SAW) device comprising:
a piezoelectric substrate;

a comb electrode formed on said substrate;




a surface wave generated fromsaid conb el ectrode; a frangy ity 2006
short-circuited auxiliary electrode, of which wwdth varies depending on
pl aces, for surrounding said conb electrode and said reflector electrode;
and a dicing line at outer periphery of said auxiliary electrode.
According to a second aspect of the présent invention, there is provided a
surface acoustic wave (SAW device conprising: a piezoelectric substrate;

conb el ectrode for id substrate:. 20 Januar 006,.4 a.ref.l ector

el ectrode disposedn% %@%?éﬁgggﬁ%‘édF?gﬁ%ﬁéﬂﬁd ﬁEEE%?§WV8Png3P§ﬁLf%8 wave
gener at eda kit S Fade oMK abdBEDMOHEA 8RB ddedtf@FEahd ke short-circuited
auxiliary electrode, of which width varies depending on places, for

surroundi ng sah draedike| dett-ovteuited swilibnyeéleetrvde, ofetviidly odéth aariean
i nput/out put |.eader el ectrode to be coupled wth said conb el ectrode and
an i nput /@?ﬁ%&%ﬂ& QPrﬁejﬁﬁ‘FS’ éP%éPF‘?S’él‘él%F&g B@%S‘E%dr’eﬁqe%rqq@ pRe saagreflecipput
| eader el gett.0fe ahe di sposed inner periphery of said auxiliary electrode.
According to a third aspect of the present invention, there is provided a

met hod of manuimeiputidi@pat HadbAcRcaodothbite Mwapted AW s418\otfh Rairddsret hod
conprising the steps of depositing netal to formnetallic thin filmon a

pi ezoel ecand @nsyipstfontput teyminal efegtrodents be conpledewithl the thput/ditbnt by

etching tlggder}eélgrlztlrcl) e al:[eh iQszlez(ll %nérnlg:érypq{

e?? :of said auxiliary electrode.
According to a third aspect of the present invention, there is provided a

method of manufacturing a surface acoustic wave (SAW) device, said method
comprising the steps of:

depositing metal to form metallic thin film on a piezoelectric
substrate;

forming patterns on the metallic thin film, by etching the metallic
thin film, including:

forming a comb electrode which constitutes an inter digital
transducer (IDT);

forming a reflector electrode disposed closely along a traveling
direction of a surface wave excited by the IDT;

forming a frame-like short-circuited auxiliary electrode, of which
width varies depending on places, for surrounding at least the comb electrode
and the reflector electrode,

wherein a plurality of sets of the foregoing three kinds of

| electrodes are formed; and

forming a dicing line at outer periphery of said auxiliary electrode,
and

cutting the substrate between the auxiliary electrodes adjacent to

each other.

a




formng a conb el ectrode which constitutes an inter digityg cer
(IDT); formng a reflector el ectrode di sposed closely alg%da%&#gaaﬁflng
direction of a surface wave excited by the IDT; formng a frane-1ike
short-circuited auxiliary electrode, of which wdth varies depending on
pl aces, for surrounding at |east the cib el ectrode and the reflector

el ect r ode, mherein a plurality of sets of the foregoing t hree ki nds of

i |1 ary or ochranmt oS i 0 & Beliebitn iMoo ik S Rieiily ~ =

eIectrodeawaﬁb@@ea@p&@mﬁagﬁuﬁmﬁﬁg 20 January 2006 4a According to a fourth
aspect of the present invention, there is provided an electronic conponent

conprising: a base zbbst Swﬂr&‘ta\harwglaa llembie eleetwde raddebat-slaaged batvape d
bottom and,a term nal el ctrode .conduyc th the | eader el ectrode; a
lid for coRLAL ﬁﬁn’?ﬁr% ‘ge QQseetise Emg'néll g%aéﬁrﬁ chiodensi de of said base
substrate; a surfacg hﬁ%PﬁMe&ﬁ@%’fﬁd (bﬁégl%uﬁjs%}(étg%:;ﬂ gef}%%s %goaﬂltsg(ﬂa ofb sa1d shaped

bottom of said base substrate; “a connecting ne

i nput / out ke sudstrhteal el ectrode of said SAWdevice with the Ieader

el ectrode of said base substrate. The el ectronic conponent is characterized
by a use of the SAW durfhesagmngtingvavee(SAW) device disposed on the box-shaped

bottom of said base substrate;

a connecting member for coupling an inputfoutput terminal
electrode of said SAW device with the leader electrode of said base substrate.
The electronic component is characterized by a use of the SAW device having the

structure discussed previously.

Brief Description of the Drawings
Fig. 1A is a plan view showing a structure of electrode patterns of a SAW
device in accordance with a first exemplary embodiment of the present invention,

and Fig. 1B is a plan view showing. a plurality of the SAW devices formed on a




structure discussed previously. Brief Description of the ﬁ%@g{?\?@ g. 1A
Is a plan view showi ng a structure of electrode patterns of a devi ce
in accordance with a first exenplary enbodi ment of the present invention,
and Fig. 1Bis a plan view showing a plurality of the SAWdevices forned on
a 20 January 2006 5 piezoelectric substr@te. Fig. 2 is a sectional view of
an el ectroni c conponent using the SAWdevice shown in Fig. 1. Fig. 3is a

pl an view show ; ure of electrode patterns of a SAW 5 device 'in
accor danceﬁwgw@%ngg%%%ﬁ&enpl ary enbodi nent of the present invention.

Gevi co 1 accor e bertiopep kPR o chpBhherioiBE bR SARy eufe >

i nventi on. H&ékg‘?l%@ is a plan view showi ng a structure of el ectrode ,
patter ns_o? a device in accordance with a fourth exenpl ary enbodi ment

of the present gi,n I 1g. 5B IS I vi.ew, show n lity:
of the SAW devi]'i(‘:1 'sg?{% 292% @Vgéﬁ&%ﬁ%&%‘&'{"ﬁ‘% %gﬁqﬁeepaﬁ%ﬂg %’fgﬂg?pl an
Vi ew shpw . r r f ectrode,patternns of .a,.SAW 1 evice i

accor d?r)lce@%\nﬂﬁi% #§@h£8§e@ba?feg%%ﬁwgﬁ‘ em‘)é’dﬁp@é‘tér?? then pEsseRbn.
Fig. 7 1is ﬂlv%ﬁ@n"i ew showi ng a structure of electrode patterns of a SAW
device in accordance with a sixth exenplary enbodi ment of the present

i nventi on. Fig. 4 is a plan view showing a structure of electrode patterns of a SAW
device in accordance with a third exemplary embodiment of the present
invention.

10 Fig. 5A is a plan view showing a structure of electrode patterns of a SAW
device in accordance with a fourth exemplary embodiment of the present
invention, and Fig. 6B is a plan view showing a plurality of the SAW devices
formed on a piezoelectric substrate. | _ ) o

Fig. 6 is a plan view showing a structure of electrode patterns of a SAW

15  device in accordance with a fifth exemplary embodiment of the present
invention.

Fig. 7Tis a plaﬁ view showing Va structure of electrode pétterns of a SAW
device in accordance with a sixth exemplary embodiment of the ﬁresent
invention.

- 20 Fig.8isa plan ﬁew showiné a stm_'ictu;;e .o.f:éléétrgdé paftem$ ._c')f & SAW
device in accordance with a seventh exemplary embodiment of the present
invention, | |

Fig. 9 is a plan view showing a structure of electrode patterns of a SAW
device in accordance with an eight exemplary embodiment of the preéent

25 invention.

Preferred Embodiments of the Invention




20 .Fig: 8 is a plan view showi ng a structure of electro F of a
SAW device in accordance with a seventh exenplary enbod@ejﬁtﬁa%?ztaﬁﬁe
present invention. Fig. 9 is a plan view showing a structure of el ectrode
patterns of a SAW device- in accordance with an eight exenplary enbodi nent
of the present 25 invention. Preferred Hpbodi nents of the Invention . 20
January 2006 6 Exenpl ary enbodi nents of the present invention are

denonstrat ed hﬁrei ni;\fter ith reference to the, accaonpanyi ng draw ngs.
Exenpl ary EnbodfHemPleryrepbodiments of gf!eamr%@é\h Hyenkay afes demonghrat

el ectrode patterps of.a .5 surface acoustic ve (SAW device in accordance
with the f ?@n@&wtgrrﬁf%ﬁ%cfp%ﬁ%?@ﬂ%%gﬁnvention, and Fig. IB

is a plan y ew show,n lurality of the SAWdevices, one of which is
shown in Fﬁ&?“{‘i’i@”%@%%té substrate. Fig. 2 is a sectional view of an
el ectronic co nent, in V\,hﬂéch the . SAWdevi ce seal ed by a package

conprising a batk- sih& AaplanaHEWshawing 1@ stagiareypiceleciyods paierns of ent

i nvention h@g t he fol] ow ng é}\wic ure: . On piezoelectric substrate 1, the

el ect r dHesSHERFN2EUSHE] WBYE L e @ceerdascee wibh ha dfitsh exemplawt | ect or. -
el ectrodes 3, dispose &;@ the vicinity of the ' traveling _ direction of
surface acogbP W&v& cPiesentyinvephibneped (FigddB 1 a plan gdew showing a

nput ) out R REGI0K Dt SAPY eéessipmon, i) SUPTLI 198 Aaformecan sdes b
OB and bel g pehite " WS s Wecttional view of An elecironic component i which the
SAW device sealed by a package comprising a base substrate and a lid.
10 SAW deviqe 10 of the present invention has the following structure:
On piezoelectric substrate 1, the electrodes below are disposed:
comb electrodes 2 forming an IDT;
7' .xeﬂecj:i;or electrodés 3 disposed at ‘the vicinity of thé ‘traveling
direction of | surface acoustic wave excited by comb electrodes 2, reflector
15  electrodes 3 being placed at a given distance from comb electrodes 2;

| input/output leader electrodes 4a, ba, input/output terminal
electrodes 4b, 5b and belt-like connecting electrdde 18, each lea out from cbinb

electrodes 2; and |
| frame-like short-circuited auxiliary electrode 6 surrounding the

L 20 - fqregoir;é eiéctrodéé and havmg diﬂ'é;‘eﬁtlw‘idfh déi_)‘exidjné on its portions. .
Outside frame-like short-circuited auxiliary electrode 6, clearance 8 remains
partially dﬁe to dicing, and the surface of substrate 1 is exposed in clearance 8.
At given places of electrode 6 and inputfoutput terminal electrodes 4b, 515,
| bumps 7 are formed. Bumps 7 couple leader 'electrode 13 of base substrate 9
';25 with terminal electrodes, 4b, 5b and auxiliary electrode 6. |

As shown in Fig. 2, base substrate 9 is shapéd l_ike a box at which base

leader electrode 13 is disposed, and leader electrode 13 is conductive with outer




el ectrodes 2; and franme-like short-circuited auxiliary elggc

sur roundi ng the 20 foregoing el ectrodes and havi ng. dlfferen dth
depending on its portions. Qutside frame-like short-circuited auxiliary

el ectrode 6, clearance 8 remains partially due to dicing, and the surface
of substrate 1 is exposed in clearance & At given places of electrode 6
and input/output term nal el ectrodes 4b, 5b, bunps 7 are formed. Bunps 7
couple lea er e bstrate 25 with term nal

tro Qé base s
el ect r odes! %‘feai.‘il | Pempsef B ?‘33(9& %VGDABI%%% SAN degice 40 petse

substrate 9 | S @gﬂg?ﬂ li ke a box at whjch hase _|eader electrode 13 is
di sposed, f ¥ |cenpecs dolsader elastrode | 13 btk s mechapieallynfizgsy 2006

7 term nal eI ectrode, 14. s 7 pl aced a i ven pl aces of SAWdeV| ce 10
not only %ﬂaéewlra@aq@ey %o%ﬁ’gp@ é& saldep i prgvided to i

‘mechani cal # \/$xe | eade | ec ode 13. Bond| ng .menber 16 such as Au Sn
sol der is pro g §ram 1']16539 e insidepbbaseiBibstrate 9 fherehy iferanie base

substragte 9, {hereby forming 5 an electronic conponent. Fig. 1 and Fig. 2
are sc na??@eﬁp'ﬁwcr?@%lppp?%tratl ng structures in accordance with the

first enbodi rregél and ]éll ose drawi ngs do _not, i ndicate _ di nensional
rel ati ons of geét e Bigerehre . schamagicadravgnes flungatme gevreges in

her ei nafter us aI S0, do n i ndj c di rren5| onal _relations. 10 Sone

pi ezoel ect FG°RX %B g‘if'& ‘éﬁ@@ﬁt bRt idarwangs do nefyindiratet ricity
or piezoel gctri Clt D| fferences of ectr| c_potential in pI aces. produce
electric p‘ﬁf‘@ﬁ‘?‘)& Eﬁh@@%@f@é&pectwete %qlféctTﬁ% dimvings; of the SAVE dewce
exceeds a. %rat%?én \Y; an elecgtric._di scharge occurs, which sonetine
danages r yse ?Q@Ié‘@t@dé‘é%tﬂlde‘apn-?}ﬁ’éﬂéﬁ gtons. One of effective

Pr eve.ribi ve Some piezoelectric substance produces electric potential due to
pyroelectricity or piezoelectricity. Differences of electric potential in places

| prodpce electric potential differences. If the electric potential difference
éxceeds a.certain iralue; an electric discharge occurs, which sbmetime daﬁag’ee
elements or degrades electrical properties. One of effective preventive |

15 measures against this problem is to lower the electric potential due to
pyroelectnmty or plezoelectnc1ty, or to restore electnc potentlal dlfferences to a
 flat potential as quick as possible. |

The present inventi_on is based on the finding that reserving areas- of low

impedance as large as possible in the electrode pattern of SAW device 10 is an

; 20\- | effective ﬁethod for.redueing -eieetﬁc potenﬁal differenk:es a’s_ qulck as pessibie:
To be more specific, in the electrode patterns of SAW device 10 of the present
invention, there are placed comb electrodes 2 forming an IDT, and reflector
electrodes 3 disposed on both sides of comb electrodes 2 and closely along the
traveling direction of the surface wave generated by comb electrodes 2, on

25  piezoelectric substrate 1. Frame-like short-circuited auxiliary electrode 6.
surrounds comb electrodes 2 aﬁd reflector .electrodes 3. Short-circuited

~auxiliary electrode 6 is coupled with leader electrode 13 of base substrate 9 to




15 neasures .against this problemis to |ower the el ectriﬂ)jgﬂﬁﬁgtz'?@é due to
pyroelectricity or piezoelectricity, or to restore electric potenti al

differences to a flat potential as quick as possible. The present

i nvention is based on the finding that reserving areas of |ow inpedance as
| arge as possible in the electrode pattegn of SAWdevice 10 is an 20
-effective nethod for reducing electric potential differences as quick as '

possi bl e. 0.b re specific, in the electrode patterns of SAWdevice 10
of the pr e?’l‘ﬁ(fh We‘%"ﬂ‘@n;otlﬁeﬁ@u&‘ﬁ@-pﬂa@é& ederbraslee £3 ris crondactive miitly an

| DT, and r flec%ﬁr el ectrodes 3 di sposed on both sides of conb el ectrodes
2 and cl osHriniBal glectpde 14 and) wosksias ot taronnding: electrodd. acthoxbviacaiéerkr at ed
by conb el ect.r.odes, 2 n 25 piezoelectric substrate 1. Frame-like
short-circh Gkﬂrpgﬁ \P: aaseehovgr dn dfigs JAy dushepedikest drame awifopmind
reflector glectrodes 3, Short-circuited _auxiliary.electrode 6 is coupled
with | ead I’E'leécw-o@é fname is MpprexsyyBRmeRiewith tespert Yo baeeept@oddhe TIA) ch SAW
device _10 i s, . nount.ed. hea_der el ectrode 13 is conductive with term nal

el ect r &de %ﬂ!frﬂ“%ﬁ?ﬁ@ guice 19whareielastrades arefiemeghort - circuited auxiliary
el ectrode 6, as,shown in Fig. 1A is shaped |ike a frame uniformy forned,
i.e., the f ran}%hh%}'pb?]&)bkewpﬁtmﬁ\ﬂﬁ%&rrQi@@te@dest@ and Sechotrcovpladhe | DT,
5 on the surface of devic céo where el ectrodes are forned. Further,

bel t-1ike VH &@F’é&?ﬁ&? CP@g pctrpdestd, daessearh ethar 8ad haverappoom|thd sawiet h each
one of conb el ecﬁ“ré)éj s 2, face, each other and have approx. the sane areas.
In additi G¥eR% thm addifign ke this prputiaytpnh terminakelesi@edesid and Sbicoupled ed
wi t h i nput/out.put | eader e| ectrodes 4a and 5a al so face each other and have

10 appr ox. RYteutang Jeadencelpeizedss 41 eadr bai adsosfaga achather and thaved

auxiliary electrode 6 are op%\e el ectrically. The electrodes have the
for egltl)élng agp}‘%ttilfeesame areas. flector electrodes 3 and short-circuited auxiliary

electrode 6 are open electrically. The electrodes have the foregoing structure.

A_s digcussed above, in SAW device 10, belt-like input/output leader

| électrbd.e’séa, 5a, and inpuﬂbutput termiﬁél'eleétr;)dé:s 4b, 5b héve approx.lthe' :
| same areas. Further, short-circuifed auxiliary electrode 6 is shaped like a
15  frame substantially symmetric with respect to the center of the IDT. This
structure can eliminate local areas Where large amounts of electric charges due

| to pyroelectricity of the sﬁbétrate are accumulated. | Thus the electric potentiél |
- differences between the patterns of respective electrodes can be substaﬁtially
reduced. Therefore, even reflector electrodes 3 and comb electrodes 2 are

' '_ 20 - electrically open _-wi:thl're_spéct' to shﬁ_rf-cifcuitéci auxlhary _el,édtrd__de'ﬁ.,‘ éleéi_:rié:.v .

charges produced at electrodes 2 and 3 can be uniformed, and thus no electric
potential difference occurs between them, whereby occurrence of an electric
discharge can be prevented. As a result, the electrodes of the SAW device can
be prevented, and the degradation of electrical properties can be also prevénted.
25 Inorder to uniform the electric potentials due to the pyroelectricity for reducingr
the electric potential differences between the electrode patterns, it is effective to

~ widen, as much as possible within the design allowance, electrode 6 to minimize -




As di scussed above, in SAWdevice 10, belt-Ilike input/outz?u_,tzm

el ectrodes 4a, 5a,' and input/output term nal el ectrodes 4b, ‘lgg?gg(\ﬁﬁe.
approx. the sane areas. Further, short-circuited auxiliary electrode 6 is
shaped like a 15 frane substantially symetric with respect to the center
of the IDT. This structure can elimnategl ocal areas where |arge amounts of
el ectric charges due to pyroelectricity of the substrate are accunul at ed.
Thus the electric potential _differences between the patterns of respective
el ect r odes %B?fiad@es ublsisaHeq affecfiveda plecs. elatbeadertoascloga anpessihle do gpmb

el ectrodes g an& c%nb &I eﬁtrodes 2 are 20 electrically open : wth respect
to short - cPIEEEPERY 24 retlegior elestiodere 3. - Eor dhiscpvinese Harigarecpsssayided at

el ectrodes 2 @{;{d 3 can be_ uni forned, and thus no electric potential -

di f f er ence®BRLYr hepRanewHithehin fherdasignoaliayransa de shertgircyited auxdiary

di scharge can b revented. As a result, the.electrodes of the, SAWdevice

can be pré@&ﬁ?&%&@h’é%ﬂéﬂ@@wmoﬁﬁ bovarsasalopending opipdasssasshowarinbe al so

prevented. .25 _Ln order to uniformthe electric potentials due to the

pyr oel tr]r;‘%ﬁ'ilg-for reducing the electric potential differences between

the el ectrode tterns,,jﬂi is effective to wden, as nmuch as possible

within the desigirheirevited auxilingy elegiaedes6; kaving widtheof 26 widewsrnpssibbs 9

i npedance. It is also effective to place electrode 6 as _close as possible

to comb eTBIWHIFe gomib, glectiodes & ende reflactard glecrodesy 3, tihezehyurpdedngi ¢ i s

necessary tto en‘g(luog ttglg m%x. wdth wthin the design allowance in

short - ci r CUHRedAMER X P9 jthal eleqtuist petantial diffarenease praduced diy ecewnninted 6

varies depefgn(éi.na on pl(gfes as s{mvvr),i nos Fig'. 1B: Short-circuited auxiliary

el ect r ode %GCCHSFhALESH Gt pyresleptrinityof substrage & canderqglysuriformed.

el ectr,odes, 2 and.refl e tgr el ectrodes 3. thereby reducing i%pedance, so
effe

d
that @Pect iz ustoemity Al the pleetrirratentialstifferencesprducanaranten efiect as an

area of the electrodes increase, where the electrodes, including electrode 6,

commonly -co:qnected in SAW device 10. Thus short-circuited auwxiliary
éIectfodé 6 is'desirably formed by lines havinga wﬁdth as wide a5 pOQSibie father
than by narrow lines,

15 In this first embodiment, short-circuited auxiliary electrode 6 is coupled
with a grQunding electrode of termiqal electrodes 14 provided to base substrate

9; so that electric charges pfoduced in substrate 1 can éséape from electrode 6 to |
the outside via terminal electrode 14. Thus the influence of the electric; cilarges
due to pyrqelectricity can be substantially reduced with respect to SAW device
20 f0. . R L
When SAW device 10 is heated, electric charges are produced because of
pyroelectricity, and those electric charges occur from piezoelectric substrate 1
that has pyroelectricity. Device 10 is heated uniformly overall in the regular
manufacturing process, therefore electric charges occur from overall device 10.
256 However, in SAW device 10, there are a plurality of independent electrode-
patterns, and inputfoutput terminal electrodes 4b, 51:.) have the largest areas in
géneral. Thus the largest electric potential difference tends to occur in theée




el ectric charges due to pyroelectricity of substrate 1 c ' y
uni formed. 10 This uniformty of the electric potenti al ?f%@?gﬁgg@

produces greater effect as an area of the el ectrodes increase, where the
el ectrodes, including electrode 6, comonly connected in SAWdevice 10.
Thus short-circuited auxiliary electrodgg6 is 'desirably forned by |ines.
having a wwdth as wide as possible rather than by narrowlines. 15 In this
first enbodjment, short-circuited auxiliary electrode 6 is coupled wth a
groundi ng Blegpdesie Lpordes toiuniform dut eloctaric chargesondcueih substeate Isavesall at e

9, so that electric charges produced in substrate 1 can escape from

el ect rode 8ndgedygedhe eles atentiskdifferences) Sunt-cidenitefl avitiliaryt ¢lectiredd Gence
of the electric charges due to pyroelectricity can be substantially reduced
with respebaving thayy g éeaturez(s providedioh senvnndingoentdelecirodest 2and

el ectric charges -are produced because of pyroelectricity, and those

el ectric crrilegtor eleetrpdss 8mib) evwatatticr Withs wbspechtte inputiatpitaserminal
pyroelectricity. Device 10 is heated uniformly overall in the regul ar

manuf ac? ur ¢laefrpdesclls $b; and (o bekt dike| shapei with awissh asocide skmossibleer dMhis devi ce
10. 25 However, in SAWdevice 10, there are a plurality of independent

el ect rode stuetuee pan supnressihetelentripdischarge.nal el ectrodes 4b, 5b have the

| argest areas in general. Thus the largest electric potential difference
tends to occur ¥herehissangthenamethod ofgpetentine sheodAW demicer from theingi f or m
the electrjic charges occur in substrate 1 overall and reduce the electric
potential 4Ame the diseharge due topcaumulatidn efiefeabtie chaxmpge. For imatanvg, t he
follow ng features is provided: (a). surrounding conb el ectrodes 2 and

refl ect or katween adiacent elepiyodasamarrewed ichearangeeist reservied jntadvanpe tanider ni nal
5 electrodes 4b, 5b; and (c) belt-like shape with a width as w de as

possi Bi0e. When an accumulation of electric charges reaches to a certain level, discharge

the_in locally within a range of not damaging the SAW device. This method,
‘however, is not prefc_erable because it produces noises during an operation of the
" device, _ Accordingly, in order .to' prevent fhei SAW' device from being da’hiéged
due to éccumulation of electric charges, it is effective to provide frame-like
15 short-circuited auxiliary electrode 6 close to comb electrodes 2 and reflector
| electrodes 3. The width of electrode 6 is preferably as wide as possibie.
| Further, inputloutput ieéder electrodes 4a, 5a and 'inputloutput terminal
electrodes 4b, 5b are placed opposite to each other, and respective are;s are |
 approx. equal to each other. In addition to those structural preparations,
20 frame-like sﬁoi;tfcifcﬁité};l_aﬁzdliafy eiect‘rofle 61s piéééd. qhiforrﬁ,ly o‘-(e._'ré]-l,'i.e..,- l_
the frame is substantially symmetric with respect to the center of the IDT. The
- foregoing structure eliminates regions where electﬁc charges accumulate locally,
and thus the electric potential differences can be uniformed.
In this embodiment, a pair of comb electrodes 2 and a pair of reflector
25 electrodes 3 are prepared; however, the present invention is not limited to thJs
preparation, and a SAW deﬁce with more multi-steps produceé similar
" advantages to those discussed above.

™




structure can suppress the electric discharge. There is a%’(:)%HEE od of
preventing the SAWdevi ce from being danaged by the discharge ggéé["

accurrul ati on of electric charges. For instance, between adjacent

el ectrodes, a narrowed clearance is reserved in advance, and 10 when an
accurnul ation of electric charges reachegjto a certain |evel, discharge
themlocally within a range of not damaging the SAWdevice. This method,
however, is not preferabl e because it produces noises during an operation
of the deviceNextcomsthed ¢f mpputachiing AN dowae 19w£thespmsee*eweehon

from being damaged due to accumulation of electric charges, it

ef fect i ve 1o dgmonsigatad shereinalier1s &owm: -lemisatade gmatallic | Hhip él@ct%de 6
close to cqnb eIectrodes 2 and reflector e|ectrodes 3. The wi dt h of

el ect r ode Fezoglaghrig suhabrate ddye-ge sputteang ph singlerenystal subsipatemedenli | eader
el ectrodes 4a, b5a and .input/output term nal electrodes 4b, 5b are placed
opposi te teg-ebiftaQyandiiNbihds ag suhatrate das Theametglhie thin e asiforaedach
other. In addltlon to those structural preparations, ~20 frame-|ike
“short - 8i r i fkan 443 filmr gs dhe cloweake 1 eszer; opl fbadof yWiScPw (Alumanwmt | i . e. |
the-frane js substantially symmetric with respect to the center of the | DT
The f or egsPpgivze-(opper)e 28| the maiddle daxpronk r &S ebhe tymper clagery eand
accurul ate_l ocal ly and thus the eIectrlc potential differences can be

uni f or med alywinyn dilanevamoneted, ongtopofithe pperdasere  Nestepply Rbefoesist r of
reflector 25 el ectrodes are prepared, however, the present I nvention is
not |im t 68t the feregoing e}eéalbs ith, filancangd waderge she &lw intphase-Ethagraphys t eps
produces simlar advantages to those discussed ahove. ._20 January 2006 11
Next, a nbrorses and eithingsresesn heaby qurking the wetalkie thinddaninte dowurgd

10  electrode-patterns. After those steps, photo-lithography and etching processes
are further applied so that the Al film, ie., the upper most layer on comb
electrodes 2, can be removed. As a result, soft meta}]m film, ie., Al film formed

by evaporatlon remains on mput/output leader electrodes 4a, ba, mput/output l_ '
| terminal electrodes 4b, 5b, and short-circuited auxiliary electrode 6. This

15 removal of Al film can be done by, e.g., wet-etching. In this case, the Al film can
be removed with ease utilizing a selectlon ratio of etchmg Al vs. TL. Fig. 1B
shows the electrode-patterns thus formed.

Then cut respective clearances 8 of short-circuited auxiliary electrode 6

| between adjacent SAW dewces 10 with a dlcmg dewce, so that SAW dev1ces 10
90 na predetermmed shape are obtamed In thls embod1n1ent mstead of cuttmg' ’

along dicing lines conventionally provided, cut the center of clearance 8 of

electrode 6, so that the dicing lines become eventually not necessary, which can

simplify the design of SAW device 10 and further downsize the SAW device.

7 The metallic thin film is not limited to the materials and the structure

25 discussed above. Films of Al, T.l Cu, Cr, N1 or an a]loy of those metals can be

lamlnated on top of the foregoing metallic thin film, or a three-layer structure

formed of Al film as the lowest layer , Al-Cu alloy film as the middle layer and T4




is denonstrated hereinafter. Formlam nated netallic thin, ,Egr?
pi ezoel ectric substrate 1 by, e.g., sputtering. A single- crys suﬁbst rate
made of, e.g., L1TaOB or LiNbG3 is used as substrate 1. The netallic thin
filmis formed 5 of titan (Ti) filmas the |lowest layer, alloy film of

Al - Sc- Cu (Al um num Scandi um Copper) as tjge mddle layer, Ti filmas the
upper layer, and alum numfilm evaporated on top of the upper |ayer. Next,
apply phot Qs resi onto the foregoing netallic thin film and undergo the
fitmin ph ﬁ%egperpwyer pabbe ysedindisestvghi Yaripisomaeserialsaadettyuciordsi ng t he
metallic th|n f|J nto de5|red 10 el ectrode-patterns. After those steps,
phot 0- 1 t h%erf&ﬁﬂv ryupbarcafdayers more than onercaadys laaeingted, had t he Al
film i.e., f m)st Ia er_on_conb electrodes 2, can be renoved. As
a result, @BPF f?ré’? ypr%Ianqtrhmtectto the) foregpingfosdensd Rhiskinsbefdaminatedmai ns
on: |nput/o t&ﬁ ader el ectrodes 4a, 5a, input/output termnal electrodes
4b, 5b, an Qf’fer PRy incEease withsang eéeoéue power end Tesenisthecelectaodesf Al
filmc §_ ne b%qlpeg, wet - et chi.n In this case, the Al filmcan be
removed wi ﬁmg%%%g aged bigan elastedisoirargat i 0 of etching Al vs. Ti. Fig. 1B
shows the el ectrode patterns thus formed. Then cut respective clearances 8
of short - ci r cuiQReéomgkithe angtallicbhinolen gliscpesesleaboval paeptitatdenstownbes 10
with a dici n evi c so that SAWdevices 10 20- in.a predeterm ned shape
are obt ai rfdef q S & é?ftﬁ@ﬁi%ﬁﬁﬂ isveh asclaminent ¢am be aveperaged bghei nes

conventlogtaifl ., provi d cut the center of clearance. 8 of electrode 6, so
that the dPH§ g@ﬂ*&b@ ckiothe easerivhere) thermvrfage dayeraef thewsleetrode Almss ! i fy
t he design ‘5*? vice 10 and further downsize the SAWdevice. The

metal |ic tRRGE P W@t emhm eentse epﬁeelmemqvaltélea’ﬁdﬁhne durthetaase 25

di scu Bedﬁove Fi l Ti Ni or an alloy of those netals
can b S be TR Jr 6 maaqlefafeébﬁhg phetatresist ipifermed i advance,

st RhobnbHiR i Sgaporeng, i, o hivoff method can do o with case. | o o O
Next the steps of mountmg SAW devices 10 thus obtained onto base
substrate 9 are demonstrated heremafter with reference to TFig. 2. Aﬁ;er, '
registration of leader electrodes 13 provided on the bottom of box-shaped base
15 substrate 9' with bumps 7 formed on SAW devices 10, they are electrically
coupled aud devices 10 are mechanice]ly fixed. There are several methods for
| this burup-coupling such as: couﬁ]ing with conductive resiu, coupling with
soldered buinps, ultrasonic Au—Ax coupling (the surface of the leader electrode
and bumps 7 are formed of gold) eutectic Au—Sn coupling (Sn film is formed on
= 20 the surface of leader electrode and bumps 7 are made of gold) Bumps T can be :
formed by plating or wire-bonding.
SAW devices 10 are thus fixed onto base substrate 9, then bring lid 15
into contact with base substrate 9 and heat it to fix to substrate 9, thereby
forming a sealed electronic component. Lid 15 has a bonding member made of .
25  such as Au—Sn solder.
The bump-bonding method discussed above ajlows larger contact areas

between leader electrodes 13 and bumps 7; so that bonding reliability can be.




20 January 2006 12 filmas the, upper |ayer can be used. Z%SJ 9220@/05‘” ous
materials and structures are applicable, and any nunber "of S nore

t han one can be | am nated, and an order of layers is not Ilmted to the

foregoing orders. This Ki nd of laminated el ectrode-film can increase

wi t hstand el ectric power and prevent theigl ectrodes 5 from being damaged

by an electric di scharge On top of the netallic thin filmdiscussed above

except at |east ong)q | ectrodes 2,. filmof soft material such as al um num
b

can be evaffyFaE ofher| hamds gf ¥he theating af thechbwapebanding prothicsarr f ace

| ayer of t electrode filmis,_ nmade of Ti fil wet - et chi ng can

sel ecti vel %}?ﬁﬁr@ﬁe elﬁc trofe-dlmy ﬁpmﬁen@swalmgﬁ@dethmbos@ng aebabiliyer i

made of Aldfllm %gremst s forped in advance, then Al filmis

evapor at eddeqreases.  Themresent ingariinn ishesed on thefindingthat whentat ledss the eps of
mounti ng SAWdevi ceg 10 thys qobtaipned onto base_ substrate 9. are

denonst r at W%Wﬁﬁi@ exrofyf lflehe leeiradefile jsdomngd by, evamoration, rthgithermal on of

| eader Iectr.odes 13 proigl dﬁd on the bottom of box-shaped base 15 substrate

9 wi t h hunfig eandiegnoderaterh yhigh pravests thealegrodedipt ed and
devi ces 10 are 271 fixed.. There are several methods for this

bunp- coup! FPR: Iéel? (}ll'élqrn avilon mastechyceviaperation bas annther adyantage

sol dered b s uItrason c A u.coupling (the surface of the |eader

el ectrode esseg,e C@JC%P@PD e theelectzodefilm Suringitheistap (Sn
filmis forme .on surface of | eader el ectrode and bunps 7 are nade
of gol d). 9%%8 g formed by pI ating or wire-bondi ng. SAW devices 10

are thus flxed nto base substra(i , then bring lid 15 into contact with
base substrat e ZFCARE Haeevaporage lﬁlmtﬁe%b@tmﬂgn filarhayjng the shme a

seal eq el ectr ni.c corrpﬁnent Lid 15 has a bondi ng nenber made of
0~ oren atron as the material, so that the bonding between metal grains is

supposed to be strengthened. Therefore, at least the upper most layer that
contacts W1th the bumps is formed by evaporatlon then the electrode -film can
- not be peeled off by distortion due to the bondmg, and the electrochem.lcal o
| corrosion can be also suppressed.

15 Metallic thin film to be formed by evaporation is preferably made of soft
material because of better bondjng with bumps. As the soft material,
alummum Au,Al—Cu alloy made from aluminum plus at least one of Cu, Sc Cr,
Ni, or Ti can be used.

On top of the upper most layer that contacts with bumps another layer

' 20 ‘can be formed by evaporatlon This structure can . also produce a snmlar
advantage.

The location where bumps are formed is, of course, not Jimited to the
locations shown in Fig. 1A. Further, belt-like input/output leader electrodes 4a,
5a and input/output terminal electrodes 4b, 5b are electrically independent of

25 each other. Therefore, electrical properties of respective devices 10 can ber
measured by applying probes to their input/output ‘terminal electrodes 4b, 5b

With_gi\_ren electrode pafterns kept formed on substrate 1 as shown in Fig, 1B.




25 such as Au--Sn solder. The bunp-bondi ng net hod di scussz%c}ag.‘?a(}ygo | ows
| arger contact areas between |eader el ectrodes 13 and bunps SO that
bonding reliability can be 20 January 2006 13 i ncreased. On the other hand,
if the heating at the bunp bondi ng produces thermal strain, electrode-film
sonetimes peals off and the bonding religpility decreases. The present

I nvention is based on the finding that when at | east the upper nost |ayer
of the electrode-filmis formed by evaporation, the thermal 5 strain at the
bump bondi dgcersingli seperaving od propéntiesmaaviendanet beforel dastiosiefide deviéasom
peeling off. Further, the film made by evaporation has another advantage
that it supfravesus inlomiceasc andiconformang piecemonly cahdeatolettedde-afsdmbldur i ng
the step of cutting or washing. Because the evaporated filmtends to form
thin film eleetnegicdemponents afterdhe enttimg.on as the material, so that the
bondi ng between netal grains is supposed to be strengthened. Therefore, -at
| east the upperAsuslscussedeabaveanccordimgatat thenpteberthimvintips, swréwedrecinby
evaporation, then the el ectrode-filmcan not be peeled off by distortion
due to.5 t Rlsciredes Agndareflecthr elchotes Sherth damebike shorreicaited avxilizoy
suppressed. 15 Metallic thin filmto be forned by evaporation is preferably
made of soelectrade 6rofawhishewidh wiridseddpendingnoh plpces,t dnd forps at Asast Hhesof t
material, alumnu Au, Al -Cu all oy made from al um num plus at |east one of
Cu, Se, Cruppey mosglawr thathcidacts edtith o7 by evaporgijver. st stragleret hat
contacts with bunps, another layer 20 can be formed by evaporation. This
Struct ure €dh reduges therelenide potenmall differaveeanpagaced by pyroelectricity of

piezoelectric substrate 1. Further, this structure can prevent peeling off of the

10  electrode-film at bonded sections, and suppress electrochemical corrosion.
Laminated electrode-film increase withstand electric power, so that when
accumulated electric charges develop. an electric discharge, the electrode-film is
hardly to be damaged; which further stremgthens the withstand electric
discharge.

15 In manufacturing electronic components to which SAW devices 10 are
mounted, not only the bump-bondjn_g method discussed above _but also, e.g., a

“dre-bonding method can be used for boﬁding.

N Exemplary Embodiment 2
.20 The lseéonc—l. .éxeniplary- émﬁodixﬁeﬁt .of. the pi'eseni'; _inVénﬁdn is
demonstrated hereinafter with reference to Fig.3. InFig. 3, the same elements
as those in Fig. .lAhave the same reference marks.
A pair of structures are prepared, each one of them has three comb
électrodgs 201, 202, 203, and reflector electrodes 3 disposed on both si&es of the
25 | three comb electrodes. At each one of center comb electrodes 202 placedr
between electrodes 201 and 202, input/output leader electrodes 4a,7 Ha,
input/output terminallelectxtl)des 4b, 5b, grounding leader electrode 21a, and




The | ocation where bunps are forned is, of course, not 'iz‘ﬁiﬁa{%ﬁjar%goéé‘e
| ocati ons shown in Fig. 1A. Further, belt-like input/output [|eader
el ectrodes 4a, 5a and input/output term nal el ectrodes 4b, 5b are

el ectrically independent of 25 each other. Therefore, electrical properties

of respective devices 10 can be neasurediBy applying probes to their
I nput/output termnal electrodes 4b, 5b wth given el ectrode patterns kept
formed on substrate | as.s 20 January, 2006 14_Accordi ngly,

ﬂaovvn in Ei g. l.B.

screeni ng ofOFPEMEterpwal glechreda &k arerdisnosed asshewains Bige3delrame-likeo ar e
cut into pieces,. and .conf. rm'@g pi eces only can be col|lected to assenble
el ectronic @l?ﬁ%@ﬁ%@ ary; plactgedse Py formsed) syely $halgelspiaode Sauwmrmdsy t o
the present i nveption, syrround conb _5 electrodes 2 and refl ector

el ect rodes Wefopeyration disqussad ahavesi Refleeten elaginodps Byorebethithe #ides are whi ch
-width varie ependi ng. O -ptb;tece , and format |east the upper npst |ayer
that cont act€’ %Wﬂr“éfvi” %ﬁ&ﬁb‘?raﬂafﬁis’i soruecting plecirede thnapdeemb t he
el ectrig potential dif ences, pr.oduced by pyroelectrijcity of .

o1 506l Bt rcctiads D, o0 SR frides s slebtidalb pcainledh it oosh oflet viag of 1
of the 10 eleect{ode-fll m bonded sections, and suppress electrochem cal

t
corrosion. § W%@W@g?'? G With neppecs e shoytiametirind asmiliary iedeciioder , so

t hat when c ated el ectric charges develop an el ectric _discharge, the
el ectrode- fqa'll ﬁj"rqgljdﬁ eftxpde 6, Hherg Zamgans claprancei aiteredicing: e ihenandaceind
wi t hst and elgsctri c, . di schar e. égrl n manuf actuyring_el ectronjc conponents to
whi ch SAw GuDSiate Lig expesed fHm e range 8. onf e ether sudpotenyel algciradendl,

s e I e Wb it ich other via otk ke Solotirods 167" Bamps 7 are'
10 prepared on inputfoutput lelectrodes 4b, 5b and auxiliary electrode 6 at given
places. SAW device 100 is thus constructed. A manufacturing method of an
electronic cqmponent using this SAW device 100 is similar to that demonstrated

' in the first embodiment, the déscription thereof is 'th'us".omittéd;heré. |

In the foregoing structure, reflector electrode 8 and comb electrodes 201,
15 203 on both sides are coupled with short—circuited auxiliary electrode 6 via belt-

' ]ike'ﬁrst.connecting electrode 17 and the second connecting electrode. Thus
wide areas of -SAW device 100 are comﬁionly connected and ﬁave "an identical
electric potential. As a_result,_ if device 100 undergoes temperature cilanges

“and eléptric potentials occur due to pyroelectricity of substrate 1, this structure

- 920 | mcludiﬁg an open ‘eleétr;)de-pattéf_n_ z.ﬂlt.)ws_' to. suﬁsi:anﬁaﬂy: fé_dug_e “electric _
potential differences.

An effect of the electrical coupling of comb electrodes 201, 203, reﬂector
electrodes 8 with short-circuited auxiliary electrode 6 depends on a design of the
electrode;patterns; however, the design is only required to lower an impedance

25 inorderto unifon-ﬁ electric potentials, and there is no limitation about a width of
electrodes or a number of electrodes. It is preferabie, however, to have a width

of as wide as possible and electrodes as many as possible, for producing more




20 The second, . exenplary enbodi ment of the present inv tg’ ﬁ’lﬂar_{[
denonstrated hereinafter with reference to Fig. 3. In Fi 361 , L goos6ame
elenents as those in Fig. I A have the sane reference nmarks. A pair of
structures are prepared, each one of themhas three conb electrodes 201,
202, 203, and reflector electrodes 3 dimposed on both sides of the 25
three conb el ectrodes. At each one of center conb el ectrodes 202 pl aced

bet ween el gctrodes 201 and 202, input/output |eader el ectrodes 4a, 5a,

i nput / out ﬁ%ﬁgeti‘@rli?ﬁ { electrodes 4b, 5b, grounding |eader electrode 21a,
and 20 January 20}%2 15 grounding term_nal el ectrode 21b are disposed as
shown in Fig Ht mhqdiment, e the; oledirades inglndimggople plestroder 281, s

f or med su%h t hat el ectrode 6 surrounds the _configuyation discussed above.
Ref | ect or .28p ¢30q Jiellsctor oplegfzedes: Beary semmandy eomplad; i vespegtiveo gpeteamswi t h
each other via first connecting el ectrode 17, and conb 5 el ectrodes 201,
203 on bofFePgRE aff%amlé%qtmaéglpﬂvxcmt@nt@d even H diferens elestriepetentalsond
connecting electrode 20 with respect to short-cjrcuited auxiliary electrode
6. Quti decqlr &bt thsrespectiviecsestipasai s aesult aercellenta PAW deviee @0, Tiee surface
of substrate_ 1 is exposed from clearance 8. The other ends of _.conb

el ect r ode&onpdamagemobfhe elsctspdas an dagradatioroimpropertiesdue 10 areelesttiet r ode

18. Bunps .7 are 10 prepared on input/output el ectrodes 4b, 5b and auxiliary
el ect r odedischargg; canpe m tured Wit 62%e 100 i s thus constructed. A

manuf acturi ng nmethod of an electronic conmponent using this SAWdevice 100
Is simlar to that denonstrated in the first enbodi nent, the description

t her eof Ie]?‘ thu%%ﬁt;d here. In the foregoing structure, reflector

el ect r ode™3CTHR hment ddes 201, 15 203 on both sides are coupled with
short-circuit auxiljary electrode 6 via belt- like - first connecting

el ectiode 17 taﬁlée@ﬁ?ﬂpl%ﬁn@&hoﬁ&ﬂéméc@ﬁ ode npyegent invention 1is

demonstrated hereinafter with reference to Fig. 4. In Fig. 4, the same elements

as those in Fig. 1A have the same reference marks. _
| In this embodiment, reflector eiéc.trodé 'l‘19_is formed of meander lines; énd
| both the ends of electrode 19 are electrically coupled with comb electrodes 2 as
15 shown in Fig. 4. In other words, except the electric coupling of reflector
electrode 19 formed of meander lines with comb electrodes 2, the structure of the
third embodiment is the same as that used in the first embodiment. Further, a
method of manufacturing an electronic component using SAW device liO and
base sul?_stfate 9, lid 15 shown in Fig. 2 is similar to that demonstrated in the
' 4,‘2’.0~ ﬂrsf emboditﬁeﬁt.' - | | | R L
In Fig. 4, reflector electrode 19 formed of meander lines is electrically
coupled with comb electrodes 2, and they become conductive when a dc signal is
used or in a low frequency region. However, in a high frequency region where
SAW device 110 usually works, the impedance in the meander lines increases, so
25  that electrodes 19 and 2 actually become open. On the other hand, since |
reflector electrode19 formed of meander lines is electﬁca]ly coupled with comb

electrodes 2, electric charges developed due to pyroelgttricity of piezoelectric




wi de areas of SAW device 100 are commonly connected and ﬁmﬂﬂgbﬁ&@tical
electric potential. As a result, if device 100 undergoes tenperature
changes and electric potentials occur due to pyroelectricity of substrate
1, this structure 20- including an open 'electrode-pattern allows to
substantially reduce - electric potentia¥ differences. An effect of the
el ectrical coupling of conb el ectrodes 201, 203, reflector electrodes 3
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10 electrodes 2 are disposed opposite to each other, and electrodes 4a, 5a have an

approx. equal area. Input/output terminal electrodes 4b, 5b coupled with
_electrodes 4a, 5a are also diqused opposite to each_ pther, and they have approx.

an equai area.. . ThlS strﬁct’ilré substantially eliminates 'eleétric ﬁoteniéial

| differences even if the respective electrode patterns have electric potentials due
15  to pyroelectricity. As a result, excellent SAW devicé 110, free from damages of
the electrqdes or degradation in properties due to an electric discharge, can be

manufactured with ease.

Exemplary Embodiment 4 _
20 - The fbﬁﬂﬂ- exeinplary'- émbbdinieh£ -of "the._ pr(‘%_ééni.:- inveﬁtion‘ 1s |
| demonstrated hereinafter with reference to Figs. 5A and 5B. Fig. 5Ais a plan
view showing a structure ;)f an electrode pattern, and Fig. 5B is a plan view
showing a plurality of the SAW devices formed on a piezoelectric substrate. In
Figs. 5A and 5B, the same elements as those in‘Fig. 1A bave the same reference
- 25 marks. SAW device 120 in accordance with this fourth embodiment differs
from SAW -device 10 of the first embodiment only m forming dicing lines 80

- made of the same material as the electrodes at outer periphéry of device 10. In




15 shown in Fig. 4. In other mords, except the 'electric oupl &gg
refl ector electrode 19 formed of neander |ines with conb el’ect es 2, the
‘'structure of the third embodinent is the same as that used in the first
enbodi nent. Further, a nethod of manufacturing an el ectronic conponent -
usi ng SAWdevi ce 110 and base substratel8, |lid 15 shown in Fig. 2 is.
simlar to that denonstrated in the 20 first enbodinent. In Fig. 4,
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of reflector el ctroe 19 fo d. o meandey |ines W|th conb el.ectrodes 2
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are further reduced. A dicing device cuts substrate 1 along on dicing lines 80,
S0 that registration accompanying the cuttmg can be done with ease.
If plural sets of comb electrodes 2 and reﬂector electrodes 3 are d1sposed
on a SAW device, the device can obtain similar advantages to those discussed
15 above. A manufacturing method of SAW device 120 in accordance with the
fourth embodiment is similar to the method of manufacturing device 10 in
accordance with the first embodiment except the dicing of substrate 1 along on

dicing lines 80.

' 20 Exemplery Etnbodinients . .
The fifth exemplary embodiment of the present invention is demonstrated
hereinafter with reference to Fig. 6. In Fig. 6, the same elements as those in
Fig. 3 have the same reference marks. SAW device 130 in accordance with this
| fifth embodiment differs from SAW device 100 of the second embodiment only in
., 26 forming dicing lines 80 made of the same material as the electrodes at outer
periphery of device 100. Shape, structure and method of x_nanufacturing are

the same, except the item discussed above, as those in the second embodiment.




el ectrodes 4a, 5a are al so di sposed opposite to each oth%mqa&%ggﬁ have
approx. an equal area.. This Sstructure substantially elimnates electric
potential differences even if the respective el ectrode patterns have

el ectric potentials due 15 to pyroelectricity. As a result, excellent SAW
devi ce 110, free from damages of the elB¢trodes or degradation in
properties due to an electric discharge, can be manufactured with ease.
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130 as the pieces are mounted to a base substrate, a temperature changes;
however they are free from dax_ﬁages or degradation in properties due to an
electric diécéhargé. Electronic components usin'g"_th'is. eitéeﬂéﬁt‘ 'SAW device can
be manufactured with ease,
15 |
Exemplary Embodiment 6
Thé sixth exemplary emblodjment of the preseﬁt invention is
demonstrated hereinafter with reference to Fig. 7, which is a plan view sﬁowing
- astructure of electrode-patterns of SAW device 140 in accordance with the sixth
20 embodiment, In Flg 7, the same elements 'a'_sl_tl-lose in Flg 6.Have:'_.the éaiﬁie o
reference marks. As shown in Fig. 7, SAW device 140 in accordance wifh the
sixth embodiment has third connecting electrodes 22, which electrically couple
dici'ng lines 80 with short-circuited auxiliary electrode 6 in device 130 of the
previous fifth embodiment. A method of manufacturing electronic components
25 using this SAW device 140 is similar to that demonstrated in the first
embodiment, and the construction of the electronic cémponents is also similar to
that of the first embodi;:hent. _In this sixth embodiment, the width of dicing




10 the outer periphery of SAWdevice 120, so that the eI &?,ggq gt al
differences are further reduced. A dicing device cuts su al ong on
dicing lines 80, so that registration acconpanying the cuttl ng can be done
with ease. If plural sets of conb electrodes 2 and reflector electrodes 3
are disposed on a SAWdevice, the devi @8 can obtain simlar advant ages to
t hose di scussed 15 above. A manufacturing nethod of SAWdevice 120 in

anu act o ngéf'?tsf%edelﬁ*f“ﬁ A R I T A T

di ci ng of trate 1 along on dicing lines 80. .20 Exenplary Enbodi nent 5
The fifth exenplary enbodi ment of the present invention I s denonstrated

hereinafter W hj JELRLEAGHAS Bl cfeuil Rty a@&r@ga § gEaBLags those

in Fig. 3 have t ane ref erence mar n accor ce with

onty i ' 2 PBFARNERG e RV E bl e g et "
el et 1 800 H0ah A BLeonRELh RIS YAl BN se%éQQ?@agaglcu@ég&ag oFaciiflodTet O

of manuf a ur|n are sarre ove, as those
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toward, e.q. 1%CtTo ecausé 1t s not "desir ave a

[ rrpedance th e | m wi dt h of second

connect i ngﬁgﬁéefgtgr dlgteto%glr@%%rqgﬁgra ql %ﬁcgﬁh%ln&{a at %’f dicing line 80.
10 The electrode patterns electrically connecting dicing lines 80, short-

circuited auxiliary electrode 6, comb electrodes 201, 203 on both sides and
reflector electrodes 3 can be hne shaped or belt-like as long as they have a low

impedance. There is no Inmt toa number of electrode patl:erns -

.' 15 Exemplary Embodiment 7
The seventh exemplary embodiment of the present invention is
a demonstrated hereinafter with referehce to Fig. 8. In Fig. 8, the same elements
as those in Fig. 6 have the same reference marks. .As shown in Fig. é, SAW
dewce 150 in accordance with the seventh embodlment dlffers from device 140 of
_ Z(l. ) the sucth embodlment only in reﬂector electrodes 3 left open from the short- :
circuited auxiliary electrode. Other respects and the method of
manufacturing are similar to those of SAW device 140. |
Since comb electrodes 201, 203 on both sides, short-circuited auxiliary
electrode 6 and ‘dicing lines 80 are commonly connected electrically, when
25 electric charges occur in piezoelectric substrate 1, this structure allows to reduce
electric potential differences between those elements although comb electrode

202 and reflector electrodes 3 are electrically open. As a result, this structure




Dicing lines 80 are provided as di scussed above,
frame-1i ke shape after the cutting,
10 kept stabl e against tenperature changes during working steps.

be

devices 130 as the pieces are nounted tQ a base substrate,

changes;
due to an

, and the r]gﬁg%;l? ping a
so that devices 130 or? subs ‘r2a e 1 can -
When
a tenperature
however they are free from dal%lges or degradation in properties
el ectric discharge. Electronic conponents using this excellent
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sixth 20 i - {g. 7, the ,sanme elenents as those in Fig. 6. have
.the sanme re é%%ﬁ%@mﬁgfg%_ As shown in Fig. 7, SAWdevice 140 in :
accordance with the sixth enbodi nent has third connecting el ectrodes 22,
which electrically couple dicing lines 80 with short-circuited auxiliary

el ectr qde | [ the previous fifth enbodi ment. A nethod of
ad ﬁxééﬁgﬁgg%meﬁis

manuf act urin I'C conponents 25 using this SAWdevice 140 is
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el ect r odegyae ¢hs UdMAmBLAMLEC In Fig. 9, the same elements as those in Fig. 4
10 have the same reference marks. SAW device 160 in accordance with this
eighth embodiment differs from SAW device 110 of the third embodiment only in
foMg dicing lines 80 at the outer periphery of device 110. Other respects and
‘the method of mahufaciur-ing are sn:mlar to those in the third embodiment
except the item discussed above. Dicing lines 80 of the eighth embodiment
| 15 have a width wide enough to positively remain at the outer periphery after the
dicing. - ‘
| Sim-ilar.to the descﬁption about SAW device 110 in the third embodiment,
_in this SAW device 160, reﬂector electrodes 19 formed of meander ﬁnes is
| electriqg]ly coupled with comb electrodes 2. When a dc signal is used or in a
| .20 .lov‘v ﬁ'equeﬁcy rénge; feﬂéctor’ eIECtJ‘:odes. 19 and "éomb 'eléctfodés 2 r’ar'e" ‘_
conductive. FHowever, in a high frequency region where SAW device 160
usually works, the impedance in the meander lines increases, so that electrodes ‘
19 and 2 actually become open, which does not influence to the electric
properties of device 160, This is similar to device 110 demonstrated in the third
embodiment. | | |

In SAW device 160 of this embodiment, reflector electrode 19 formed of

25

meander lines is electr_ica]ly coupled with comb electrodes 2, and frame-like




potentials beconme uniformthroughout the el ectrodes i”C|%%hﬂﬂ$ﬁg?ﬁb6

el ectrodes 201, 203 on both sides, reflector electrodes 3, eletirode 6 and
dicing lines 80 even if electric charges occur in piezoelectric substrate

1, because they are conmmonly coupled electrically. This structure further

effectively prevents an electric disch&ge due to an electric potential
difference fromoccurring. 10 The el ectrode patter ns electrically
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F SAW
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140 20. 19@%@%
frogfgﬁefshgrflnwgmq}%gHQSﬁE%?ﬂgwg ggtaﬁh ﬁg&o C?rl&?'tespect td%eopennb
”F;Bdé TR SBBLATK o ey e S BV E%;ﬂe‘*pr%?f?ﬁﬁecg
lh ges odRiPHRR %?%%%rré@?‘?% éﬁ%ﬁ%gﬂftgﬁﬁsﬁbﬁf%ﬁE?@%%%"?é‘%ﬁ;%&%igﬁﬁ educe
ol cct 1 ode B Ih anf o e E Rt 00 30 € Clect i cal 'y open. As a
result, this structure 20 January 2006 21 can reduce electric potenti al
di fferences and suppress an electric discharge, so that a reliable SAW

devi CfO' s obtajn glghgdi%?entaftlﬁloﬁgﬁ A BAPE e PhirbFa Wnil El8ctrode and a

reflector electrode or two pairs of them are prepared; however, the present

i

invention is not limited to t]:us structure, and more numbers of mu1t1 -step

structure can produce sumlar advantages to those discussed above

| 15 Industrial Applicability
| According to the present invention, a frame-like short-circuited suxi]iary
eiectrode, sf which width varies depénding on places, surrounds comb elestrodes '
and a reflector electrode. This structure allows to reduce electric poteﬁtial
dlfferences between electrode-patterns when electnc charges oceur due to the
.20 | pyroelectncu;y of the substrate whmh 1s actwated by a temperature change, not
only in working steps on a substrate-by-substrate basis but also after the dicing,
ie., in working steps on a piece-by-piece basis. As a result, an electric
discharge can be preveﬁted, and a SAW device free from damages or
degradation in properties is obtainable, further, an electronic component using

25  this device can be manufactured with ease.




device can be realized. 5 Exenplary Enbodi ment 8 The ei ghf) Wb@qy
enbodi nent of the present invention is denonstrated heréina

reference to Fig. 9, which is a plan view illustrating a structure of

el ectrode-patterns of SAWdevice 160 i4y accordance wth the eight
enbodinent. In Fig. 9, the sane elenents as those in Fig. 4 10 have .the
sane reference marks. SAW devi ce 160 in accordance with this eighth
enbodi ment differs from SAWdevice KEOagjgthe third enbodi ment only in
formng dicing lines 80 at the outer peri phery of device 110. O her
respects and the nethod of manufacturing are.simlar to - those in the
third enbodi mnent except the item di scussed above Dicing lines 80 of the

ei ght h enbodi melnt Alsurfasy scousti¢ whle (8 AN dodbgto sitively remain at the
outer periphery after the dicing. S| mlar to the description about SAW

device 110 in the thapitzeskotticabbtratej n this SAW device 160, reflector

el ectrodes 19 forned of neander lines is electrically coupled wth conb

el ectrodes 2. When aadombialetdtode fomsetomsaid sulsta®) | ow frequency range,
reflector electrodes 19 and. conb el ectrodes 2 are conductive. However, in
a high frequency reg teflestrarebecttide disposed di68ely akungld travabinglirection bfipedance
in the neander_lines increases, so that electrodes 19 and 2 actually
becone opeﬂsumﬁﬁdﬁﬂ‘mcl’@&d from sashoamb olectredesl ectric properties of device
160. This is simlar to device 110 denonstrated in the third 25

enbodi ment . | n SAW e fiagte- o sheortcincyitedriauyiliasn electrofe.cof which eddtbode 19
formed of er ||nes | el ectrl cally coupled with conb el ectrodes 2,
~and frare- Yﬁl‘kﬁ‘é eygmgapg p aerise fop surrounding said comb electrode and said

reflector electrode; and a dicing line at outer periphery of said auxiliary electrode

2. A surface acoustic wéve (SAW) device comprising:
a piezoelectric substrate;
a comb electrode formed on said substrate;
a reflector electrode disposed closely along a traveling direction of
a surface wave generated from said comb electrode; and
_ a frame-like short-circuited auxiliary electrode, of which width varies
- depending on places, for surrounding said comb electrode and said reflector
electrode; and
an input/output leader electrode to be coupled with said comb
electrode and an input/output terminal electrode to be coupled with the

input/output leader electrode are disposed inner periphery of said auxiliary

electrode.




dicing lines 80 simlar to frame-1like short-circuited auxglji trode 6
are provided. Therefore, electric charges generated by E%?%éﬁ%%?r?%ity of
.pi ezoel ectric substrate 1 are unifornmed at the respective -

el ectrode-patterns, thereby further reducing the electric potenti al

di fferences at respective parts. 5 | n23%hi s embodi nent , dicing lines 80 and
short-circuited auxiliary electrode 6 are electrically open;. however, the
present invention is not limted to this structure, and electrode 6 is

el ectrical l'y c@upiThd SWiWhieticeofielalm N&¢ cBin 2 &herem &id a eldogideone
connecting el ectrode. 10 In enbodi nent 1 through enbodinent 8, a pair of a
conb el ectis dibposetisubstaneibilpéi aumifoaatshgse or two pairs of themare -
prepared; however, the present invention is not limted to this structure,
and nore nunbers of multi step structure can produce simlar advantages to
t hose di scussed above. 15 Industrial Applicability According to the present
i nvention, a fdan®heSéWsdayice of clain 1 @d claimi 3,ivehgreinsindioputiadetpudf whi ch

w dth varies_dependi ng on places, surrounds conb el ectrodes and a

refl ect or leaderelentendettnibe eompled with said combtelecteadcand ar taputouspuent i al

di fferences between el ectrode-patterns when el ectric charges occur due to

the - 20 poimaideselacirodestodie ¢anpled math thecsinpukiovtputdeaden slegtenderye a

temperaturge chapge, not. only.in wyrking steps on a substrate-by-substrate
basi s but dgquge({; p@m@e@gfg@gauxmﬁ@we Q&‘r-ki ng steps on a

pi ece-by-pi ece basis. As a result, an electric discharge can be prevented,
and a SAWdevice free from damages or degradation in properties is

obt ai nabl e, fugther | ectroni £ conponent usin 25.thi s .devi,ce can be
manuf act ur ed wPt mg“’ g@“ﬁ%ﬁ Ay go@gerfﬂl %ERF utput leader elecirode
bas an input leader electrode and an output leader electrode, and both the

electrodes are placed opposite to each other and both the electrodes have areas

approx. identical to each other.




1. A surface acoustic wave (SAW device conprising: a piRZAELECHHH
substrate; a conb electrode fornmed on said substrate; a reflecﬁr eﬁf'ectrode

di sposed closely along a traveling direction of a surface wave generated
fromsaid conb el ectrode; a frame-I|ike ort-circuited auxiliary el ectrode,
of which width varies depending on plaCes, for surrounding said conb

el ectrode and said reflector electrode; and a dicing line at outer

periphery of s&.d BuxiSAWr fewibeof radgien 24, #hsdihatie depugdutpubeteemimAW
device conprising: a piezoelectric substrate; a conb el ectrode forned on

sai d substealedtesdechasefd Bphgteehal ekdirode 3pasadoeipas ¢éimialadelkcirode and! i ng
direction of a surface wave generated fromsaid conb el ectrode; and a

franme- | i kebddhahe -eléotidet etle pladelli ppysitd &6 tenokl@tha] antli isothvhat dlestasdess
dependi ng on pl aces, for surrounding said conb el ectrode and said reflector

el ect r ode;havedirass apyirok/idohped] tb eadlesthekect rode to be coupled with said
conb electrode and an input/output termnal electrode to be coupled with
the i@put/output |eader electrode are disposed inner periphery of said
auxiliary electrode. 20 January 2006 23a 3. The SAWdevice of claim1l or

claim 2, wherei7n  The GSANXddviy ¥f ahe Gheosfeclainss d| Spds &dos B slaitinakdid i n a
uni form shape. 4. The SAWdevice of claiml or claim3, wherein an

I nput / out peflectbeeldeirodd Beldcodeallycconpleiorithedid b ikiliasy dleghivtle.cl ectrode and
an i nput/ out put
8. The SAW device of any one of claims 2 through 6, wherein said

10 reflector electrode is electrically coupled with said auxiliary electrode.

- 9. The SAW device of claim 7, wherein said reﬂ(_ectorl electrode is
. eleétrica]is? coupled ﬁth said auxiliary electrode via at‘.l-ea'st a single fitst
connecting electrode which is shaped like one of a line and a belt.
15
10. The SAW device of claim 8, wherein said reflector electrode is
electrically coupled with said auxiliary electrode via at least a single first

comiecting electrode which is shaped like one of a line and a belt.

20 - 1L The SAW device ‘of claum 10, whéi'e_iﬁ the first connecting ele}:ﬁrddg: 2
has a width at least wider than that of said dicing line. |

12. The SAW device of any one of claims 1 through 6, wherein a part of
_said comb electrode is electrically coupled wifh said auxiliary electrode.
25 |
13. The SAW device of claim 12, wherein at least three pairs of said

comb electrodes are disposed at given places, and said comb electrodes on both




‘termnal electrode to be coupled with the input/output qgﬁ g ode are
di sposed i nner periphery of said auxiliary el ectrode. deV|ce of
claim4, wherein the input/output |eader electrode has an |nput | eader
el ectrode and an output |eader el ectrodg, and both the electrodes are
pl aced opposite to each other and both the el ectrodes have areas approx.
identical to each other. 20 January 2006. 24 6. The SAWdevice of claim4,
wher ei n t iseddsngfughieopluipalityt 6f saifadlecteddest 41@06 @ithi euulit other ndRhiso
el ectrode and an.output term nal el ectrode an both the el ectrodes are
pl aced opphzitiealiyocorpldl withesaid atgiliaey bletfiodel ect rodes have areas approx.
identical to each other. 5 7. . The SAWdevi ce of any one of clains 1, 3,
4, 5 or 6, wherein said reflector electrode is electrically coupled wth
sai.d auxiliary electrode. 8 The SAWdevice of ‘any one of clains 2 through
6, wherein sai #4. 10he SAVE device of elain qd@rickaifl €3 iwhesain said eotab etbetédde sai d
auxiliary electrode. 9. The SAW devi ce of cIa|n17 wherein said reflector
el ect rddeis slecttieslly icoableyd atlD|saeh Wuixhlisd) dlcathoilh i vikYak lewdtr adgecsha at

| east a single . first connecting electrode which is shaped |ike one of a
line and aoﬂneécﬁngleiectﬁbde'ﬁhﬁcﬁdé’\élﬁlﬁi@dqﬂi@dn&oﬁd FhSandBdeRi N said reflector
electrode is electrically coupled with said auxiliary electrode via at

| east a single first connecting electrode which is shaped |ike one of a
line and a belt. 20 . 11. The- SAWdevice :of claim 10, ' wherein the first
?:_onnect i ng el eth.r dhige SAWSdévive 6l dnyodnd faddin IS 418)@N81L halor afl, whbkskidi ci ng

i ne.

said dicing line is electrically coupled with said auxiliary electrode.

10
16. The SAW device of claim 15, wherein said dicing line is electrically
coupled with said aumhary electrode v1a at least a thu'd connectmg electrode
| Wl]lch is shaped like one of a line and a belt | |
15 17. The SAW device of claim 15, wherein the third connecting electrode

has e width of at least wider than that of said dicing line.

18. The SAW device of any one of claims 1 through 6, v(rhereio said
reflector elect;rode and said auxiliary electrode are electrically open.

19. The SAW device of any one of claims 1 through 6, wherein said

reflector electrode has a meander line structure, and both ends of said reflector

electrode are electrically coupled with said comb electrodes respectively.

25 . . 20. The SAW device of any one of claims 1 through 6, wherein said

auxiliary electrode works as a grounding electrode.




12. The SAW device of any one of clainms 1 through 6, mheggiﬂnanya g Of
said conb electrode is electrically coupled with said auxiliary” el ectrode.
25 13. The SAW device of claim 12, wherein at |east three pairs of said
conb el ectrodes are di sposed at given,pl aces, and said conb el ectrodes on
both 20 January 2006 25 sides of the plurality of said el ectrodes are
coupled with each other and also electrically coupled with said auxiliary
el ectrode. 14. The_SAWdevjce of claim 12 or claim 13, wherein said conb
el ectrode - 5 i #lel d8e AN deyice fipmeanspiidirimgddheough b; whereis atdeasiate vi a at
| east a second connecting electrode which is shaped |ike one of a line and
a bel t. 13'PPERECSHIRYGE Of oBC slechpgentelested feomtheogrowp conswting ofghe 10 or 11,
wherein said dicinﬂgjhne %éveléctriqall coupled with said auxiliary

fre

el ect r ode. INBBYQRPUTERImiRG) eothednppifputput ipadesiclecieede andsaig 1ine is

el ectrical lué#l' coulgl eddwlt saég auxiliary electrode via at least a third
connectin 120Y FigefEodea i ORned b¥ AR sxaparalien BKEIo¢: a 1ine and. a belt. 15
17. The SAW devi ce of claim 15, wherein the third connecting el ectrode has
a wdth of at |east wider than that of said dicing line. 18. The SAW device

of f ' t. h wh ' id fl ect I d d
sai d auxt i ary 281 o105 SAW RYRE G MREAF YhgFuhtheapped foshlsSeRor v ce o
any one OEIC%{I@@%IEI%@%SPW@{%PHG' n said. reflector electrode has a

nmeander |ine struc *ends of said reflector electrode are
electrically coupled with said conb el ectrodes respectively. -

23. The SAW device of claim 21, wherein the upper most layer of the

electrode is made of one of aluminum and material including an aluminum alloy.

24, The SAW device of any one of claims 4 through 6, wherein at least
said comb electrode, said reflector electrode, the input/output terminal electrode,
the input/output leader electrode and said auxiliary electrode are laminated

with at least one kind of metal.

25. " A method of manufacturing a surface acoustic wave (SAW) device,
said method comprising the steps of:
depositing metal to form metallic thin film on a piezoelectric
substrate;
forming patterns on the metallic thin film, by etching the
metallic thin film, including:
forming a comb electrode which constitutes an inter digital
transducer (IDT);
forming a reflector electrode disposed closely along a
| traveling direction of a surface wave excited by the IDT;
| forming a frame-like short-circuited auxiliary electrode, of




25 ~ . 20. The SAWdevice of any one of clains 1 through z(éja}m%gg% sai d
auxiliary electrode works as a groundi ng el ectrode. 20 January 20 26 21.
The SAW device of any one of clainms 4 through 6, wherein at | east an upper
nost | ayer of one el ectrode, selected omthe group consisting of the

| nput/out put term nal electrode, the iTput/output |eader electrode and said
auxiliary electrode, is fornmed by an evaporation nethod. 22. The SAW devi ce
of claim 21, wherein the upper nost |ayer of the electrode is made of soft
materi al . Z@hickheididwadiesidependingl @i piazés, filresueioundihes upleast theséorhlayer of
the electrode is made of one of alum num and material including an

al um num alelasfrode and tirerefsutoreleciredeyf any one of clainms 4 through 6,
wherein at |least said conb electrode, said reflector el ectrode, the

i nput / out put termninal evketcimdglurality dfigets bbthe fdregoantethret &mdwodf and
said auxiliary electrode are lamnated wth at |east one kind of netal.

25. ' A net klsgtroflesenedbroedjandg a surface acoustic wave (SAW device, said
met hod conprising the steps of depositing nmetal to formmnetallic thin film
on a piezoel ectric subdorminga dioingiling gsautermpesipberytdfsardmadiliary thin film
by etching the netallic thin film including: formng a conb el ectrode

whi ch cons¢lectiode aad i nter di gital transducer (IDT); formng a reflector

el ectrode disposed closely along a -traveling direction of a surface wave
excited by the | DT;  cutting the substrate between the auxiliary electrodes adjacent

to each other.

26. The method of manufacturing a SAW device of claim 25, wherein the
step of forming patterns on the metallic thin film further includes the step of:
providing an input/output leader electrode to be coupled
with the comb electrode and an input/output terminal electrode to be coupled
with the input/output leader electrode at inner periphery of the frame-like
auxiliary electrode.

27. The method of manufacturihg a SAW device of cléim 25 or claim 26,
‘wherein the step of forming patterns on the metallic thin film further
includes the step of: |

forming a connecting electrode that electrically couples one
of the auxiliary electrode with the reflector electrode and the auxiliary electrode
with the comb electrode.

28. The method of manufacturing a SAW device of claim 27, wherein an
electrode film of an upper most layer of at least one electrode, selected
from the group consisting of the input/output leader electrode, the

input/output terminal electrode and the auxiliary electrode, is formed by an




formng a frame-1ike short-circuited auxiliary el ectrode, ¢f. 3Qyé ary
2006 27 which width varies dependi ng on places, for surroungﬁng at 1 east
the conb electrode and the reflector electrode, wherein a plurality of
sets of the foregoing three kinds of ectrodes are forned, and formng a
dicing line at outer periphery of said auxiliary electrode, and cutting the
substrate between the auxiliary el ectrodes adjacent to each other. 26. The
nmet hod of manufacturing a SAWdevice of claim25, wherein the step of
fornmi ng patYaPorigmethednetal lic thin filmfurther includes the step of:
‘providing an input/output |eader electrode to be coupled wth the conb

el ectrode and an input/output termnal electrode to be coupled wth the

i nput / out put | er.elecirode at jnner periphery, of the frame-1like

auxi liary el ect0dé. eﬁthﬁef%flﬁ W%%%@Wﬁ&c 1n4% SETEB aof cl ai m
25 or claim?26,.. erein t step of formn atterns on,the netallic thin
filmfurt h%@ﬁFﬂﬁmgthfﬁ? BEP%@?%&%WH@S %ﬂ@%ﬂﬁ&ﬁm@&r@ ectrode that

el ectrically couples one of the auxiliary electrode with the reflector

el ectrode and the auxiliary electrode wth the conb el ectrode. 28. The

[Tl mof Can upper moik APt dpitiaciis » a3 et of e 28, BBersih &6 om ¢ he
group C_O NZohlihBvOnid Bm' S LBHEPIb st I%%Ire s BhECHF 858 of Sihinum and

material including an aluminum alloy.

31. The method of manufacturing a SAW device of any one of claims 25

through 30, wherein the metallic thin film is laminated with at least one kind of
metal.

32.  Anelectronic component comprising:

a base substrate having a leader electrode at a box-shaped
bottom and a terminal electrode conductive with the leader electrode;

a lid for covering said base substrate and sealing an inside of said
base substrate;

a surface acoustic wave (SAW) device disposed on the box-shaped
bottom of said base substrate;

a connecting member for coupling an input/output terminal
electrode of said SAW device with the leader electrode of said base substrate,

wherein said SAW device is any one of the SAW device defined in

claims 1 through 24.

33. The electronic component of claim 32, wherein said connecting

member js a wire made from one of aluminum and gold.




i nput/output terminal electrode and the auxiliary electroggy ﬁﬁﬁ d by
an 20 January 2006 28 evaporation nmethod. 29. The nethod ofaﬁan ng?ﬁring a

SAW devi ce of claim 28, wherein a conductive thin film of the upper nost

| ayer is made of soft material. 30. Th® nethod of manufacturing a SAW
device of claim 29, wherein the conductive thin filmof the upper nost

| ayer is nade of one of alum numand material including an alum num all oy.

31. The nethodégf ﬂﬁnu a tuning a SAW devj ce of any one of clains 25
t hrough 30, whetei n2¢f CE%F%W WPOREAL of elma32, syhdrainespidiconnegtingast one

ki nd of .32, An el ectroni. nent conprising: a base substrate
havi ng a ﬁﬁ@ﬁb@"@ﬁ@ypwaﬁgns@ogswggﬁgﬁp ‘bottom and a terminal electrode
conductive with the | eader electrode; a lid for covering said base
substrate and' sealing an inside of said base substrate; a surface acoustic
wave (SAW device di sposed on the box-shaped bottom of said base
substrate; a connecting nenber for coupling an input/output term nal

el ectrode of said SAWdevice with the | eader el ectrode of said base
substrate, wherein said SAWdevice is any one of the SAWdevice defined in
claims 1 through 24. 33. The el ectronic conmponent of claim 32, wherein said

connecting nenber is a wire nade fromone of alum num and gold. 20 January
2006




29 34. The el ectronic conmponent of claim 32, wherein sai dzoc]g?‘mbb&g
menber is a bunp fornmed on said SAW devi ce. ABSTRACT A surface acoustic

wave, (SAW device includes a piezoelectric substrate, and on this
substrate there are provided conb el ectgpdes for formng an inter digital
‘transducer (IDT), reflector electrodes placed closely along a traveling
direction of a surface wave generated by the IDT, and a franme-|ike short-
circuited auxiliary el ectrode haviﬁ@BSﬁﬁ&ﬁﬁﬂ1 varyi ng depending on its
portions. This structure allows to uniformelectric charges overall the
el ectrode-surfaces, where the electric charges are generated in a heat
treatment applied to the piezoelectric substrate during the manufacturing
of the SAW devAcBuiarpasousticwaye EAW)devievinchides adpiesetléattio spbstrate, t hi s
structure can prevent damages of the el ectrodes or degradation in.

el ect ri caPngrahiie substyate thereare|provided cambetlactyedagehor fatneiggtan inter
accunul ated el ectric charges caused by pyroelectricity of the substrate.
List o Reéigtadizangducrs (XD, meflpetowiebeptraties pilaead eloeelp | alang a pOZeli®H3. conb

el ectrode .5 3, 19. reflector electrode 4a, 4b. input/output |eader
- el ect r odedirection of a surface wave generated by the IDT and a frame-like short-

circuited auxiliary electrode having a width varying depending on its portions.
This structure a_]lows to uniform electric charges overall the electrode-surfaces,
where the electric charges are generated in a heat treatment applied to the
10  piezoelectric substrate during the manufacturing of the SAW device. Thus
even after the device is diced into pieces, this structure can prevent damages of
th'e electrodes or degrgdation in electrical properties due to an electric discharge
- geﬁerated' by. decumulated electrié chafg_és caused by{ pyroelectricity of | the
substrate.
15




5a, 5b. input/output termnal electrode 6. short-circuit L by Y
el ectrode 7. bunp 10 8. clearance 9. base substrate 10, 2?8#8&&%{1’3 120,

130, 140, 150, 160. surface acoustic wave (SAW device 13. |eader electrode
14. termnal electrode 15 15. |id 16. 3?necting menber 17. first
connecting el ectrode 18. belt-Iike conn ing electrode 20. second
connecting electrode 20 .2la. grounding | eader electrode 21b. groundi ng

“term nal eli¢bf Referenbé Mhkls it the MaGingd el ectrode 80. dicing line 25

- 1. substrate
2, 201, 202, 203. comb electrode
5 3,19, reflector electrode
4a, 4b. input/output leader electrode
5a, bb. input/output terminal electrode
6. short-circuited auxliary electrode
7. bump
10 8. clearance
9. base substrate
10, 100, 110, 120, 130, 140, 150, 160. surface acoustic wave (SAW) device
13, ‘lea‘der electrode | ' R
14. terminal electrode
15 15, ld
16. connecting member
© 17. first connecting electrode
18. Dbelt-like connecting electrode
| 20. second connecting electrode
20 I. .2..1a...._ g'rouxi:t;iling l.eadex"_electmde.
21b. grounding terminal electrode
22. third connecting electrode
80. dicing line

- 25




