- - 10 March- 2006, PCT/JP02/09924 1 DESCRI PTI ON SURFACE ACOUSTI C WAVE
DEVI CE AND ELECTRONI C COVPONENT COWPRI SI NG | T 5 TECHNI CHLMBELAD0Ehe

pr esent pPOTVEPGd/Oibdsel ates to a surface acoustic wave device and an

el ectronic unit including the surface acoustic wave device and used in a
comuni cation apparatus or the like. 10 BACKGROUND ART A conventi onal

nmet hod-for reducing | oss of a surface acoustic wave (SAW device is known

in which el ectrode groups each p@siBIPTEONOf an interdigital electrode
and a conmon portion are spaced by nl/4 of a 15 wavel ength (where n is an
arbitrary integer), and a phase shifter is connected to allow a surface

acoustic wave to propagate in a single direction for reducing a conversion
| oss. This met ACOUSTET WAME QEVIEEANIEEERGTROMI(DY preventing
bi -directional excitatign of the surface acoustic wave, but increases a

loss as 20 a result ofQ@MEPPNENELOMPRISINEIBr opagation at some portions

since interdigitating portions functioning as excitation sources of the
intérdigital electrodes are not necessarily arranged on the sane

propagation path. To solve this problem a space between a finger of the
interdigital electrode and ft E@%&Lﬁaﬁmﬁn adj acent to the finger is

determned .25 within 1/8 of tTe wavel engt h, and the finger of the
i nterdigi tal |RFepsRveRtionKalakes 42 ﬁuafa@pmn.stmwwg, evigeland ana cor ner

of a co n_portion.of &Pe . . .
-electronic unit including the surface acoustic wave device and used in a

| communication apparatus or the like.
10
| BACKGROUND ART
A conventional method for redlicing loss of a surface acoustic wave
(SAW) device is known in which electrode gfbups each consistling:"” of an
interdigital electrode and a common portion are spaced by n+l/4 of a
15 wavelength (where n is an arbitrary integer), and a phase shifter is
connected to allow a surface acoustic wave to propagate in a single direction
- for reducing a conversion loss.
~ This method can effectively reduce the conversion loss by preventing
bi-directional excitation of the surface acoustic wave, but increases a loss as
20 a result of the bidirectional wave propagation at some portions since
interdigitating portions functioning as excitation sources of the interdigifal
electrodes are not necessarily arranged on the same propagation path.
| To solve this problem, a space between a finger of the interdigital
| _electrode and the common portion adjacent to the finger is determined
| 25 within 1/8 of the wavelength, and the finger of the interdigital electrode is
| provided with a branch. Alternatively,.a corner of a common portion of the

interdigital electrode or a reflector electrode is cut off.




interdigital electrode or a reflector electrode is cut off. 10 March 2006 2
These inventions are disclosed in Japanese Patent Lai d- CiieMarcR@0D6 cati on
Nos. 07- 263994 and 09-186543. FIGs. 6A and 6B are a plan view and an

enl arged partial view of a conventidnal SAWdevice, respectively. The

devi ce includes piezoelectric substrate 1, interdigital electrodes 2,
reflector el ectrodes 3, comnmon portion 4 of each interdigital electrode 2,
and cormon Thesd oimsehtiamse aarie rtgﬁbkrsledr ial dapaondse Patant t de@pmnt i onal
|nterd| |tal el ctrogg | nt g |tat|ng portions are formed on the sane
pr opageld Hﬁiﬁat g &Q f 43cousti c mave to propagate in a single

direction ]g:;l duci t he co vVer sion I ss re [tin rom. different
pr opagat i ngl'L ¥ '69@ lilfwﬁ rﬂq §P P‘fl BerwBeR t he
| ect 5 th
ol oot 1SR nﬁ%ﬁé%‘éﬁ? ?ﬁéé"eﬁé%fé 8@%225259‘1%9@339%%9%%5? R8ePhic "V

causesspREaty 1 Ohterdiftal l&lécﬁfcﬁi@@‘%éﬂé@t E@Y&tﬁdﬂek%a%oﬁﬁﬁon koh aa&fage

i ncreases propagati on | oss. Al tRough t el ectrodes havi ng respective

cor nergachfintérdigitainetectpdet, engl cotmarf potonstiEop esste néfbettor elecarogleor t .
circuit between the electrodes the finger still has the- curved shape in
sect i oh, Ianthet kengentienak hnteafd@g;l electrmles,rinterdigitating i portisnsearceaks out,

t hus i cregsl ng.the propagati on | oss increases. SUMVARY O THE | NVENTI ON In
accor $am§tpr&§98@@0%fpathetopﬁ89@hta SwiasR |9&HUS@¢1@V§V¢ 40 provi ded

a surface acoustic vave %V' c 5| n BIEI ezoel ectric ﬁ rate; an
i nt er dTGPREFCP EHIPBIF BT A 31?%2 YISon; 1058 eifig dromn g’ o
refle sai.d
o | ecigeref ﬁ?é%ﬁﬁl%‘) UGS, °§°§@#§o%@§@6§ﬁ%ﬁ§fe§g§¢é behEesrtfts,
wher eidlectaidés GRHATRNAt tPBACH BtheRRfcragidd dirid ﬁﬂﬁofdrhﬁﬁ g Qf R @leéﬁf;ﬂ@é:t or
el ectrode have respective cut portions adjacent to~said interdigital
el ect rthdaebltimedelebgbderhas a curved shape in section, which causes energy of
" the surface acoustic wave to leak out. This leakage increases propagatmn loss

Although the electrodes having reSpeCtIVC corners of the common portxons cut

off can be prevented from a short circuit between the electrodes, the finger still

has the curved shape in section, and therefore, the energy of the surface acoustic

~wave leaks out, thus increasing the propagation loss increases.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the present invention, there is
provided a surface acoustic wave device comprising: a piezoelectric substrate; an
interdigital electrode provided on said piezoelectric substrate; and a reflector

. electrode provided on said piezoeleciric substrate, said reflector electrode
including a2 common portion and a .strip portion, wherein said common

| portion and said strip portion of said reflector electrode have respective cut
portions adjacent to said interdigital electrode formed therein.

In accordance with a second aspect of the invention, there is provided a

unit comprising: a base; a surface acoustic wave device disposed on’ said base,




In accordance with a second aspect of the invention, there is provided a
unit conprising: a base; a surface.acoustic wave devi ce th Baatetoon. sai d
base, 1 0 March 2006 2a said surface acoustic wave device including a

pi ezoel ectric substrate, an interdigital electrode provided on said

pi ezoel ectric substrate, and a reflector electrode provided on said

pi ezoel ectric substrate, said reflector electrode including a common
portiqnp:an ri ty j:d. C okt | i i paROrtion
havi ngjﬁarl%s%]elg%ﬁedc@ld po‘?v I ongé‘gg? acen% tg éapﬁoﬁﬁﬁ?gﬁbasﬁﬂ%l g@t r ode;
one ofinfeddigiaPBléctrolld FrdvaledloRcidilGrkkyeleendt isiBsizated aBdsereflectai d _
surface acoustic wave device; and a cover for sealing said surface acoustic
wave dlestrode provadmbraamnail wichodettnicor dubstpste; safd t fedlectore eléotrodet here i s
provi ded a_ nethod of manufacturing a surface acoustic wave device,

conpr iigchylinge comamonagsortionand agiry poufian, iseid edommer pergpnAndesaidt r odes on

a piezoelectri.c substrate wafer; formng a plurality of .reflector
el ect rbHPs DOBLIORE gV I dICEREF Y sEilfs ﬂaroavgnwa%@?entt W gid mterdieids!

refl ector, electrodes each ingluding.a gonr portifQn_an sfripaportion
navi ndbIPOEEE PE 08 3 SR, #BFe PP el JRTFEMY 2obbBRe IR, biEl WAL G oital
el ect rade. aa'&ﬂugﬁé’ WAL VIG: AInBZP 8L eG! f‘o‘r%eéﬁ&}?g%éfat @rg?cfee‘{cohetii@wﬁ'e” a
pluralty of surface acousti¢ wave devi ces each | ncluding at [east one of
the plai@d.ty of interdigital electrodes and at |east one of the plurality
of reflector electrodes, wherein an anount of the cut portion of a surface
acousti-c wdneacaedanee ofith hethptdinspect off theuiveneioac thsei 5 prwedatbai ces t hat
is located at a central portion of the piezoelectric substrate wafer is
smal | emethhd rofamaunfhetusing - swrfadecacoustic wave glevige, chmppisingathey steps 6 f ace
acoust|c wave devices that jis lqcated in an outer portion of t waf er .
The S g &P ar@%péun&rm@micﬁﬁ?ﬁr@ F50p @oﬁuﬁaO@lﬁeg%fewwaﬁ%yf%eﬁﬁs have

forming a plurality of reflector electrodes on the piezoelectric substrate wafer,

A ~ the plurality of reflector electrodes each including a common portior_rl;'_gnd
a strip portion having respective cut portions formed therein adjacent t(; the
interdigital electrode; and dividing the piezoelectric substrate wafer to obtain a
pluralty of surface acoustic wave devices each including at least one of the
pluralty of interdigital electrodes and at least one of the plurality of reflector
electrodes, wherein an amount of the cut portion of a surface acoustic wave
device of the pluralty of surface acoustic wave deviceé that is located at a
central portion of the piezoelectric substrate wafer is smaller than a surface
acoustic wave device of the pluralty of surface acoustic wave devices that is

- located in an outer portion of the wafer.
The SAW device and an electronic unit including the device may thus

have




10 March 2006 PCT/JP02/09924 3 snmall propagation | oss. BRI EF DESCRI PTI ON
OF THE DRAWNGS FIG A is a plan view of a surface acoust Marske@0D6( SAW
device in 5 accordance with exenplary enbodinment | of the. present

i nvent i onPCEAJB02/0B924 an enl arged partial view of the SAWdevice in
accordance wth enbodinment 1. FIG 2A3is an enlarged partial view of a
conventional SAWdevice.. FIG 2B is a sectional view of the device at a
line 2B-2B ip FIG 2A. 10 FIG 2C is an enlarged partial view of the SAW
devi ce i P2l Hrapagationdess enbodi ment 1. FIG 2D is a sectional view of the
device at aline 2D-2Din FIG 2C. FIG 3 is a sectional view of an
electronic unit in accordance with enbodinent 1. 15 FIG 4 is an enl arged

Phe E'veXi Con. ﬁé%ﬁ@%ﬁ?@nfﬁiﬂ&ﬁ%ﬁfﬁbhwé%m device in - :’f

' . [ 3 e ' Gy 6A i
3;2&;0?”fﬁew£me§?\e%aﬁéﬂ% 301 et S TReeCaer e T P AT clepite Pl Vi ow
' ' . SAW ce, | .PTI PREFERRED
(I;I\/BtOD é%gwga%}tgrefeﬁéﬁﬁ%%%ﬁ%%g?é%ﬁgg | 15' ES%# %’e&!zg’vrvl‘of a surface
~acoustic Wa"?Ff@.Aﬁ deyh %guﬁkédzé @?ﬂ%ﬁ%ﬁ%{* thb @%wxag%'csr-ﬁ sipoghggnt | of
the present i'nvéention, an B sVaN enl arged view of reglon of the

SAW devi GgithRaibSAinddht 1he SAW device incl udes piezoelectric substrate 1,
interdigital electrode 2, reflector -

FIG. 2A is an enlarged partial view of a conventional SAW device..
FIG. 2B is a sectional view of the device at a line 2B-2B in FIG. 2A.
10 FIG. 2C is an enlarged partial\ view of the SAW device in accordance
with embodiment 1.
FIG. 2D is a sectional view of the device at a line 2D-2D in FIG. 2C.
FIG. 3 is a sectional ‘_vie“;ﬁéf. an electronic unit in accordance with
embodiment 1.
15 FIG. 4 is an enlarged partial view of .a SAW -device in accordance with
exemplary embodiment 2 of the invention.
FIG. 5 is an enlarged partial view of a SAW device in accordance with

exemplary embodiment 3 of the invention.

.\'l\»-/‘

FIG. 6A is a plan view of the conventional SAW device.

20 - FIG. 6B is an enlarged partial view of the conventional SAW device.

:DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
(Exemplary Embodin_lent- 1)
FIG. 1A ié a plan. view of a surface acoustic wave (SAW) device in
25 -accordance with exemplary embodiment 1 of the present invention, and FIG.
| 1B is an enlarged view of region 1B of the SAW device in FIG. 1A. The SAW

device includes piezoelectric substrate 1, interdigital electrode 2, reflector




. is etched to

10 March 2006 PCT/JP02/ 09924 4 el ectrodes 3, conmon portions 4. of _
interdigital electrode 2, common portions 5 of each refleétaoch 2008ct r ode.

3, input termnal electrode 6 and output termnal electrode 7. The

refl ect oPCAl/ER02/0%p2d have cut portions 8 formed therein, respectively. 5
In FIG 1B, a space HO is provided betaween interdigital electrode 2 and
reflector electrode 3 before the electrode 3 is cut, and a nmaxi mum space Hl
between interdigital electrode 2 and reflector electrode 3 after the

el ect r odele®trdadesditconithen pontions gaftinterdigitahéldetro®O2i nomnengrtiatisnal
direction of a strip portion before the electrode 3 is cut, and the common
~ portion Psofgachy reflectaxi ¢laeirede . % dapuprerminalseldcprader 6 andi outant by

~maxi mum cut width D2 neasured froman_end of the strip portion along its
| ongi t uditerminglreleetrode 7andhe mifecher slactradeseav et pedidons Ssfasmed F1 G 1A
schematically illustrates the SAWdevi ce of enbodi nent 1, thus not
actual | yt Wn@sae?téﬁ"%ﬂ’-i ve rel ation between respective lengths of 15 the

o ectgoes 00 m ol venShfl SRR MRER N Sl ot pe LG chentiale

o et BadaR Bk BBt 4P Ly S A S P00 1
oL LU 2R TSk A 0nad 0L ASERlech gk FAL Bl BBty o 5
partiallys s i‘”%ﬁgﬁgﬁngcﬁghﬁatg% ﬁl%%:ﬁ‘?%%y g{]oeﬁﬁﬁatlﬁn%{(}gldﬁaﬁ%&«?&??ﬁ LP having

a curved  shape 1 n secC lI"'ue respective
potenti akg10%0i16n HREGS thRMI8:120)& B8R cut0afd ThHe Lolifth ﬁ\ﬁ’%@ tc@thyc film
: 119fpfoorm éj%Zﬁ%patter% o? t he cé'{t’e%tro g, e(r)e y EIIBPIJI\% nglb?ﬁe SAW
d?V' £¢ t ehfiaMRuA cueWHABK D1. The strip portion is cut by maximum cut width D2

measured from an end of the strip portion along its longitudihal direction
and width dO before the electrode 3 is cut. )
| FIG. 1A schematically i]lust;étes the SAW device of embodimeng .‘1,
thus not actually showing a relative relation between respective lengths of
15 the electrodes and a relative relation between the electrode-to-electrode -
spaces.

.According to the embodiment, each common portion 5 of reflector
electi'ode 3 has a portion cut off linearly at a corner facing interdigitall
‘electrode 2, and each reflector electrode 3 has portions cut off linearly at its

20 Qutermost strip portion 10 adjacent to interdigital electrode 2. Thus, a
space between interdigital electrode 2 and reflector electrode 3 partially
‘increases. This arrangement prevents the electrode from having a curved
shape in section generated by an influence of respective potentials of the
electrodes adjacent to each other when a metallic film is etched to form a

25 iJattern of the electrode, thereby allowing th_e SAW deirice to have a reduced
propagation loss. |

A method of manufacturing the device in accordance with the present




propagation |l oss. A nethod of manufacturing the device in accordance with
the present 10 March 2006 PCT/ 3P02/09924 . 5 enbodi ment W Mardhe2tdéscri bed.
Afilmof netal, such as Ti, having a 10nmthekness is formed on

pi ezoel eck¢TEr8209924t e 1 shaped in wafer of Li TaO3 by sputtering or the
like. Next, a filmof netal, such as &, having a 100nmthi ckness is
formed 5. on the Ti filmby sputtering or the |ike. The above process is

repeated twce to st the Tj and Al filns, and provides netal film 22

i ncl udi nge%‘é‘ime‘?ti Wﬁfg? diets%rdf"?}grrost | ayer. The nmetal film 22 has a 220nm
t hi ckness. Th der,. of the stacki of .t he and,Ti. films,.and the

t hi ckness of | Gfcmet %W e hivdin %Q\l%@orl&%esws fopmed, 9Py enent |

o S AT PR b AR,
[ ivf i € C S ,

por o0, Seveh R, MGt Bol 5o o RE A ELO0LE pRHBRRL BT ™ 2
LA Ther ol S PR e SRl [oroues and e vater having the

the |1 ke. Thignoehod fhediicen Aohild HRMGewPLiddienRore ikl atd bsa!

generated during the C g e piezoelectric substrate ah hence

reduce Vafihgldednaetdl A 22 dnshARSS th AS $did %i@ftobﬁﬁsﬁ%@@rf o4 MBtdihe 20
pi ezoel ectric substrate wafer. Consequently, plural SAWdevi ces obtai ned

from one fivf op Ky 8 J70ds SHickiekal | 'PRE drlePbPEREBtANInk QTLRE - APEnggWn in
the pattern of FIG 1A, each common portion 5 of reflector electrode 3
adj acent filnd ahdr giegkhirkneke of nocalRc s 22paidy b8 padifial laycsnding t60

10 requirement.

Next, resist .21 is applied on metal film 22, is exposed through a

specified photo-mask by, for example, a stepper, and have unnecessary
’ portions developed away to leave a épeciﬁed patterh. )
Subsequently, metal film 22 is, for example, dry-etched to form the
15 pattern shown in FIG. 1A. Thereafter, the remaining resist is.removed, and
the wafer having the pattern formed thereon is cut into discrete SAW devices
‘12 by a dicer or the like. This method reduces an influence of the potential
and heat generated during the etching of at the piezbelectric substrate and
hence reduce variations in curved shapes in section of the electrodes on the
20 piezoelectric substrate wafer. Consequently, plural SAW devices obtained
from one wafer have reduced variations in propagation losses.

As shown in the pattern of FIG. 1A, each common portion 5 of reflector
electrode 3 adjacent to interdigital electrode 2 has a portion partially cut, so
that each of four common portions 5 has a cut corner facing the interdigital

25 -electrode. Each of the electrodes has a thickness of 220 nm, and ratio S/L of

electrode-to-electrode space S to thickness L of the electrode is 2.7.

Electrode-to-electrode space S corresponds to a space between




t hat each. of four common portions 5 has a cut corner facing the ,
interdigital 25 electrode. Each of the el ectrodes has a tbiMdrere®8060f 220
-nm and ratio S/L of electrode-to-electrode space S to thickness L of the
el ect r od®ABBIRVZH099H ect rode-t 0-el ectrode space S corresponds to a space
bet ween 10 March 2006 PCT/JP02/ 09924 igterdigital electrode 2 and reflector
el ectrode 3 adjacent to the electrode 2 before the electrode is cut. Each
of the cut portions satisfies the following conditions: H/HO=1.7; 5
Dl / DO=0. Materdigitalpdectoode 2. and rafle¢tor cdentiredofsadiateny twatheselegtrode e
el ectrode does_not have the curved shape in section. During the etching of
netal fi before therrleetrede ingut.i sEaelyiohghe vatmortiens satisbpapheifpllewtng on in
the foll ovviq%% manner. FIGs. 2A to 2D are. conceptual views illustrating
shapes ofORH&IESect rodes at the etching. FIGS. 2A and 2B ‘illustrate a
conventi onal A)W device having no cut portion between electrodes adjacent
to each ot hedll -a?ry etching is perforned for formng the pattern shown
in FIG 15 igl/ e_z.‘i,?é_ 21 is charged in negative since ion beam 23 consists
of ioh charg D[Slo— 9% . The netal film 22 and piezoel ectric substrate |
I s charged [ﬁ)@i bl_?(% y. Thus, ion beam 23 flows in straight at an initial
stage of the fl hing, and accordingly etches nmetal film 22 substantially

. 2oe St SR S s SHARE 958 e, B BN n b 8 SHR,

char ges | ric substrate 1 gradually increase. Since
piezoeleggﬁﬁ%ﬁégﬁggréte 1, netallic.film22, and ion beam 23 are

During the etching of metal film 22, the electrode is having the curved
10 shape in section in the following manner. FIGs. 2A to 2D are conceptual
views illustrating shapes of the electrodes at the etching. FIGs. 2A and 2B
illustrate a conventional SAW device having mno cut portion between .
_electrodes adjacent to each other. . | B
When dry etching ié performed for forming the pattern shown in FIG.
15 2A, resist 21 is charged in negative since ion beam 23 consists of ion charged -
positively. The metal film 22 and piezoelectric substrafe 1 1s charged
prositively. Thus, ion beam 23 flows in straight at an initial stage of the.
etching, and accordingly etches metal film 22 substantially in accordance
- with the shape of resist 21. However, as the etching proceeds, the amount
20 of charges on metal film 22 and the amount of charges on piezoelectric
substrate 1.gradually increase.

Since piezoelectric substrate 1, metallic film 22, and ion beam 23 are
charged positively, the positive charges bf metallic film 22 and pieioelect:_:ic
substrate 1 repel ion beam 23. The charges prevents ion beam 23 from

25 ﬂowing in stfaight, thus forcing ion beam 23 to curve halfway and strike a
side of metal film 22, which results in side etching. Accordingly, atoms are

ejected from the side of metal film 22 by ion beam 23, and some of those




charged positively, the positive charges of netallic film22 and

pi ezoel ectric substrate 1 repel ion beam 23. The char ge$0 Maeshe2006 i on beam
23 from?25 flowing in straight, thus forcing ion beam 23 to curve hal fway
and stri kEE/JHI2APRH netal film 22, which results in side etching..
Accordingly, atonms are ejected fromtl¥e side of netal film22 by ion beam
23, and sone of those 10 March 2006 PCT/JP02/09924 7 atons re-adhere on
edges of nmetal film 22 and piezoel ectric substrate 1. . Such a phenonenon
cont i nui n§l@BEsEsadnrsorr mdgesfofnmeinl filmn22oand pigzealeqitier subsirette Isi des

of nmetal film22 and the piezoel ectric substrate, t'hu? maki ng the

el ect r ode MR ea t HRERYIBARSM (IOPEEIHPE dCaRE5e ComPereRtsoAl metaly @y i@t chi ng
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enbodi nmen n portion 5 of reflector electrode 3 has the portion
cut off |?ﬂ§%§?§gm?§gg? a corner facing interdigital electrode 2, and each

reflector el egiipgeiid Hegatibie HOThS elsttrdde, Unbrsy Bfﬁrﬁrﬁﬁgﬁgakﬁ% QutfRETOSt

strip portion adjacent to interdigital electrode 2. Space between
i nterdi gi hadusticewhiedeaks atf frdifdaeb@rpdtat 2048 sdctibiSof Y EREABde.

partially. Such shape described above allows the space between interdi gi-tél
20 el get r Adéordingld, rthk! pedpigatiodcléfdencrdagefe ahdr G€r esttha@ed caPES etihet ween
electrodes adjacent to each other are short-circuited, thus deferiorating a
property of the SAW device considerably.
To prevent the phenomenon, according to the present embodiment,
_ ‘each common portion 5 of reflector electrode 3 has the portion cut off linearly
15 at a corner facing interdigital electrode 2, and each reflector electrode 8 has-
the portions cut off linearly at its outermost strip portion adjacent to
intérdigital electrode 2. The space between interdigital electrode 2 and
reflector electrode 3 thus increases partially. |
.Such shape described above allows the space between interdigital
20 electrode. 2 and reflector electrode 3 to be larger than a space between
electrodes of th;e conventional SAW device, thus reducing f the influence of
| | electrical charge on metal film 22 and reducing a curvature of ion beam 23.
Consequently, the side etchingcah-be avoided, so that the common portion '
and the strip portion are prevented from having the curved shapes in section.
25 . In particular, the increase of the space between respective corners of
the common portions of the electrodes prevents the common portions from

| being short-circuited with each other. The increase of the space between




el ectrodes of the conventional SAWdevice, thus reducing f the influence of
el ectrical charge on netal film 22 and reduci ng a curvat yoei=éh 2006 beam 23.
Consequently, the side etching can be avoi ded, so that the common portion
and t he StCT/pPp0992n are prevented from having the curved shapes in
section. 25 In particular, the increage of the space between respective
corners of the common portions of the el ectrodes prevents the comon
portions from being short-circuited with each other. The increase of the
space betsHEEnpaiNarléh of gellepoT/ dleorode 93 4asd sintéyligisatingnpddiaf & ef | ect or
el ectrode 3 and interdigitating portion 9 of interdigital electrode 2
reduces RBETHigItYY ehﬁ@(}gﬁe?a dpdores healprgspafdbe epergyrdiathe aeopagdtingave,

t her eby redflci ng the propagation | gss. A_region between interdigital

el ect r od&UPlagadcpustie Maye, %n%r@bwaégcmg.tshe moppaptiondpss.e a | arge region

e b CETASRER bt Bt a0 B o
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bet ween the saidll RepRil iPRofRAChdIE sufficiently for becoming the small region,
| particularly in an area where the small and large regions are contiguous to
each other.
Sihce the area which is. not etched éﬁfﬁciently extends from the
éommon portion to a portion of the strip portion, just the increase of the
| 15 space between the respective common portions of the electrodes prevents the -
short-circuit between the electrodes, but cannot prevent the leakage of the
energy of the propagating surface acoustic wave.’ |
To prevent the leakage, the space between the strip portion and the
interdigital electrode is increased. This facilitates the supply of the ion
20 beam to the region that becomes the small region in etching, so that the
etching is performed well and thus leaves no region lacking etching. The
, Ieakage of the energy of the propagating surféce acoustic wave can thus be
reduced fqr smaller propagation loss. |
Even if, for example, metal film 22 and piezoelectric substrate 1 have
25 fhe same amount of charges, the increase of the space between the electrodes

adjacent to each other, that is, interdigital electrode 2 and reflector electrode

3 reduces a relative interactions between the respective electric charges on




interdigital electrode is increased. This facilitates the supply of the ion
20 beamto the .region that becones the small region in &0ékrctg20080 t hat
the etching is perforned well and thus | eaves no region | acking etching.
The | eal®JEIBO2/09%24ner gy of the propagating surface acoustic wave can
thus be reduced for smaller propagati®on |oss. Even if, _for exanple, neta
film22 and piezoelectric substrate 1 have 25 the sane anount of charges,
the increase of the space between the el ectrodes adjacent to each other,
that is, metedfdmg 2% TFhiscreduges thagarvadtire ef i btamtdHdhus preecnties a
relative interactjons between the respective el ectric charges on 10 March
2006 PCTAbpehdbslefrombawngrqurvgd portioniZd inetpetien. t he curvature of ion

beam 23, thus_preventing the electrode fraom haying cyrved pQrtion 24 in
secti on. Theslai“?y @trhng PErvides medel film 2% 20 piprqleciBe| ShsTAteshbst 1 at e

1 ith th i cal ) t [ 1 le.,.. The di ti foi
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portion 10 and the anpbunt of charges on common ©portion 5 of reflector
el eciy odportibiss 9f t AndERPEASS Betwean gl AMOudk ®€thhfses on common portion
4 and the amount of charges on interdigitating portion 9 is often generated
because common portion 4 and interdigitating portion 9 have areas different
from eaéh other. “ |
Similarly to above for reflector electrode 3, a difference between the
15 amount of charges on strip portion 10 and the amount of charges on common
portion 5 of reflector electrode 3 is often gemerated. Since the electric
charges are all positive similarly to the charge carried by the ion beam, the
unbalance between the amounts of charges causes thé beam to be strongly
repelled by the portion having the larger amount of charges. " The ion beam
20  is thus forced to curve in a direction opposite to the portion, thus proceeding
the side etching. Consequently, the electrode hés -a noticeably curved
shaﬁe in section. |
The difference between the amount of charges on common portion 4 of
interdigital electrode 2 énd the amount of charges on common portion 5 of
25 feﬂector el_ecfrode 3 is often generated, thus causing the electrode to have a -

curved shape in section. Even in cases that the space between the

electrodes are the same, the electrode often has the curved shape in section




charges are all positive simlarly to the charge carried by the ion beam

the unbal ance between the anounts of charges causes the10&@mH 20085

- strongly repelled by the portion having the |arger anount of charges. The
i on beanP@U/JRNAEAY24f orced.to curve in a direction opposite to the portion

t hus proceeding the side etching. Comgequently, the electrode has a

noti ceably curved shape in section. The difference between the anount of

charges on common portion 4 of interdigital electrode 2 and the anount of

char ges betwenmbhe pesrdcéivescoppmopsperionscebthe plestiodgs, therebpfoaawing
enerated, thus causipg the electrode to have a curved shape in section.
%ven in a&%%@aﬁﬂ%ﬁn¥hbe@ﬁ%ﬁﬂﬁhﬁﬁkﬁﬂ&@dﬁﬁe el ectrodes are the sane, the

el ectrode of%gnigﬁs t he curved shape in section 10 March 2006
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t hereby causi.ng  t short,cj,rcuit between the el ectrodes. For the above
reason, SHSES CF ofkle RO PR ARC YRR clpeaden  CRABICIPESR AR of f 1o

PO vadr R SBRES bRty L%‘%ggr{oﬁ%{%ﬁe@sﬁ@% j }fwseﬁla he ain %ash%zin the
! e
ot B AL 05 e BV Rebn ng e B L BBl O By b i
the curveg,,shapen i, SR&hd 8 st LoRBGELRD eftRfode M-8 AL GLAR e £64 0de 2
¥ Hidsys B gtrareht, RoRtHa 4 Biced frp

has the larger anoun ges an conmon portion ect or
el ect r odga Jind tHeSfi9¥l R afe iRs886ionar €@, and thus, portion 4 often has the

curved shape i n section. mon portion 4 of interdigital electrode 2,
-common porti CBnbmeh porfibhef bPint@r@fditAdedro®d 204K 1438 MRYuRE LUt O
obtain the same efféects. |In particular, the cutting of conmmon portion 4 of

i-nt exodi géHaarge€ltREhIc@BEMEN PRYtion 5 of reflector electrode 3 since having a larger
area, and thus, portion 4 often has the curved shape in section. '
Common portion 4 of interdigital electrqde 2, common portion 5 of
reflector electrode 3, or both of them may be cut to obtain the same effects.
In particular, the cutting of common portion 4 of interdigital electrode 2 may
15 = change a center frequency, and thus, the cutting of common portion 5 of
reflector electrode 3 influences the property of the SAW device less than the
- cutting of common portion 4 of interdigital electrode 2. |
According to the present embodiment iHusﬁrafed by FIG. 1A, four
common portions b of reflector electrodes 3 haﬁe the cut portions facing
20 interdigital electrode 2. However, the SAW device may have one or more
cut portions to reduce the propagation loss.- |
| The propagation loss is reduced most by cutting all of the corners of the
common portions adjacent to each other.
An electronic unit .including SAW device 12 will be described.
25 | FIG. 3 is a sectional view of the electronic unit including SAW device 12.
The electronic unit .includes base 11, SAW device 12, bumps 13, pad
electrodes 14 of SAW device 12, lead electrddes 15, terminal electrodes 16,




15 change a center frequency, and thus, the cutting of common portion 5 of
reflector electrode 3 influences the property of the SAWMA@®arae2006ess t han
the cutting of common portion 4 of interdigital electrode 2. According to
t he pres@iT/én@3a99%dnt il lustrated by FIG 1A, four common portions 5 of
reflector electrodes 3 have the cut pdiations facing 20 interdigital

el ectrode 2. However, the SAWdevice nay have one or nore cut portions to
" reduce the pr FPagatlon | oss. The propagation |oss is reduced nost by
cutting &pverl’and adkeive 18 the cormon portions adjacent to each other.

An el ectronic_unit including SAW devij 12 will_ be descr.i FIG 3 is
a sectional ‘Hahelctiodgs éﬁ’egqc @nu%‘gﬁf Aawice di2harespyodde d@thi’umﬁﬁe
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the electronic unit e 12 fmay be nounte€d by anot net hod, such
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o le thus providing the electronic unit.

| SAW device 12 may be mounted by zinother method, such as wiring
_Bonding, according to requirement. Adhesi_ye 18 may be made of gold,

brazing filler metal including gold, or plating including gold.
While the electrodes of the SAW device are formed by the charged ions
15 or:charged particles in dry etching, the electrodes is susceptible to the side
~ etching due to the charges. However, the increase of the space between the
electrodes adjacent to each other reduces the amount of charges per unit
length, and thus reduces the curvature of ion beam 2?;, thereby reducing the
side etching of the electrodes. This reduces the propagation loss of the SAW

20 . device. _

The thicker the electrode, the larger the region which undergoes the
“side etching. Thus, the electrode is susceptible to the side etching due to
the charges of the charged ions or particles. However, the increase of the
space between the electrodes adjacent ﬁo each other reduces the amount of
25 éharges per unit length, and thus reduces the curvature of ion beam 23,

thereby reducing the side etching of the electrodes. This reduces the

prop.agation loss of the SAW device. -




brazing filler nmetal including gold, or plating including gold. Wiile the
el ectrodes of the SAWdevice are forned by the charged i ¢édMardb2006 char ged
particles in dry etching, the electrodes is susceptible to the side

et chi ng ®09/dROY'0EO2dhar ges. However, the increase of the space between the
el ectrodes adjacent to each other redwges the anount of charges per unit

| engt h,, and thus reduces the curvature of ion beam 23, thereby reducing the
side etching of the electrodes. This reduces the propagation |oss of the
SAW 20 devi decorHagtthitiblecprespnt embodiment, thectHickness efttherdgitoodevid ch
undergoes the side etching. Thus, the electrode is susceptible to the side
etching dd8 n#&. and thergils nortione of ndegededtentleso sapigfies cthes followimger, the
i ncrease of _the space between the el ectrodes adjacent to each other
reduces EPRAMBSHt of 25 charges per unit length, and thus reduces the

curvature of _ion be 23, thereby reducing the side etching of the
el ectrodes. m’gl%dqg’)ces the .propagation |oss of the SAWdevice. 10 March

2006 PCT/ JP02{0992. > According to the present enbodiment, the thickness
of tti el ect i@d@%l‘g’%%ldﬁm and the cut portion of the el ectrodes

satisfies th eé/ahl_g\lg ng conditions: HL/HO=1.7; 5 D1/D0=0..75; and
D2/dC=1.5. T i cker the electrode, the larger ratios H1/HO and D ./ DO

1620 10, 88 ol LRSS B AR L OF IARL I S e
the SarmTh@e‘ié&?&&e hta}aﬁlg a thickness less than 150nm is less susceptible to the
side etching. |
10 Even in cases that the electrodes have the -same thickness, the
narrower the space between the electrodes, the more the beam is affected by
the electrical charge of the charged electrodes, thus often causing the side
etching of the electrode, and increasing the prbpagation loss. For this
_ feason, the space between tﬁe electrodes should be determined according to
15  the thickness of the electrodes. According to the present embodiment, the
electrode has a 220hm thickness, and ratio S/L of the space' S between the
electrodes to the thickness L of the electrode is 2.7. The larger ratio S/L
reduces the side etching more, thus reducing the prop'agation loss. For the
electrode having a 150nm or more thickness, ratio S/L of 2.5 or more reduces
20 the side etching, thus reducing the propagation loss. Ratio S/L less than 2.5
often generates the side etching, thus increasing the propagation Ibss.
As described above, the conditions for the cut portion of the electrodes
adjacent to each other and the space between the electrodes should be
determined according to fhe thickness of the electrodes.
25 o Moreover, the electrodes made of matei_'ial less susceptible to etching is
~ etched less even when the electrodes are attacked by the charged ions or the

charged particles. “The increasing of the space between the electrodes




narrower the space between the el ectrodes, the nore the beamis affected by
the electrical charge of the charged el ectrodes, thus of t@MacchXioeg t he
side -etching of the electrode, and increasing the propagation | oss. For
this reX6dAPe21@0%4ace bet ween the el ectrodes shoul d be determ ned
according to 15 the thickness of the @Bectrodes. According to the present
enbodi nent, the electrode has a 220nm thi ckness, and ratio S/L of the

. space S hetween the electrodes to the thjckness L of_ the_electrode is
2.7. Theaficgat tp sarh other prayieads the glegtrpdectrem heingmifected by thedide ng t he
propagation | oss, For th |.ect rqde having a 150nm or .nore thickness,
Patto s etching, s ThusaHheSAR device fipa nEs wersd RIOPARABONIASS reduci ng the
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. et chi ng?f%ﬁﬁ?% ?ﬁe A\?ﬂ/gbg\%?%grﬁ%é%q‘gr rr%%%%? %%a%gtce}ttgﬁqgoss. IOn the dry
et chi ng, jyBHRlteliibAMR3nd. S etched by the electrically-charged ion beam
irradiated thereto including the ions striking netal film22. The _ 5

atoms Trom mata T 2 e R e e ey e made
of at@nschawiode o tharY4W desise bfthe esnisddingrithaagildemeideifngeiiesti¢h t he
as Ti, which has larger mass than Al, for reducing the side etching of the
electrode. However, the electrode made of only such material having large
mass providéls; the SAW device with a center frequency limited within a low
frequency. Thus, the combination of the materials having a small mass and
15 . the large mass in stacked relation is effective for both adjusting the center
frequency and resisting the side etching. |
The conditions for the cut portion were as follows:
HUHO=L7; | |
D1/D0=0.75; and
20 - D2/d0=1.5. -
The larger the ratio H1/HO and/or D1/DO0 (i.e. the greater the space between
“the electrodes adjacent to each other), the more the electrode is prevented
from having the curved shape in section, and thus, the propagation loss of
the SAW device can be reduced. However, the increase of the space between
25 fhe electrodes was effective under the following condition:
H1/HO0=1.2; and/or
1/4=D1/D0=1 and 1/2<D2/d0<6.




irradiated i on beam An electrode of a SAWdevice is typically nmade of Al,
and thus, the 10 electrode of the SAWdevice of the enbtdMaesit2008y be nade
of metal, such as Ti, which has larger mass than A, for reducing the side
et chi ng @CT/HR02/@$%2dt r ode. However, the el ectrode made of only such
material having |large nass provides tthe SAWdevice with a center frequency
limted wwthin a low frequency. Thus, the conbination of the materials
having a smal |l mass and 15 the large nmass in stacked relation is effective
for both adj Jstthegcaseethntneanman patiaeryd ahdeflentps elevgradee3 db dattethdi ng.

~ The conditions for the cut portion were as follows: HL/HO=1.7; D

1/ D0=0. 7Bropagatigplass/of dbe SAWTHevice cgarbe rrducadiayembora large srrlmapbo (i . e.

the greater the_space between_  the el ectrodes adjacent to each other), the
nore t heﬂéﬂ’éé’ﬂ?&ﬁ@l‘fos for exaRPiY I'?yrl'g(?ﬁmavi ng the curved shape in section,

and thus, the propagatjon loss of _t SAW devi ce can be reduced. However,
the i ncreaseﬁﬁfﬂ'{eh‘@%ﬁé’@é thi‘@t’fﬁé?%Hlig[?)tﬁen@'l g?’é&ﬁénvhg’ hatehe aiunder
“the fol |l pw condition: Hi1/ 1.2: and/or . 4SD1/ BQs1 .and 2sD2/ dos6.
10 on BB B it 3l D it 0 retia D20 S0amaten SRR 28 T

refl ector_electro 3.1is c%t thed Eroa{}%gg ion | oss of the SAW devi ce can
be reducgao%wl% S%Wa:fr%% ’{? Wieddem atio H1/HO, for exanple,

H1/ H0O=10. In [ i t 2...that the
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than 1/ '2reéigﬁ for propagating the surface acoustic wave, and thus, the propagation

of the surface acoustic wave becomes imbalance. As a result, the
10 propagation loss increases.

When only one of the ratios H1/HO, D1/D0, and D2/d0 is an extremely
large value, the propagation loss reduces less. Thus, the ratios H1/HO,
D1/D0, and D2/d0 have to be all balanced.

Cutting of strip portion 10 of reflector electrode 3 in particular prevents

15  the energy of the propagating surface acoustic wave from leaking from the -
main propagation region, thus, reducing the prépagation loss of the SAW
device. .

| While metal film 22 is dry-etched to form the pattern of the electrodes,
the wafer, which is to be divided into piezoelectric substrates 1, can hardly

20  irradiated with ion beam 23 entirely under the same condition because of a
problem associated with equipment. In other words, ion beam 23 is applied

_to a central portion of the wafer in'a direction substantially perpendicular to
the wafer, whileion beam 23 is applied to an outer portion of the wafer at an
angle different ﬁom thé direction perpendicular to the wafer from the

25 beginning of the etching.

For the above reason, the electrode in the oﬁter portion of the wafer is

irradiated diagonally with incident ion beam 23, thus often accepting the




. propagation | oss. was not reduced remarkably. If the ratio D2/dO is |arger
than 6, the cut portion extends to a main region for propbigeath20§6t he
surface acoustic wave, and thus, the propagation of the surface acoustic
wave becab@&¥/JPob@bagte. As a result, the 10 propagation | 0oss increases.
When only one of the ratios HL/HO D1/1¥, and D2/dOis an extrenely |arge
val ue, the propagation | oss reduces |less. Thus, the ratios H1/HO D1/ DO
and D2/ dO have to be all balanced. Cutting of strip portion 10 of reflector
el ect r odeside jechimg, ianl artenpexatuze rige phéhevealgy asceleratas: Bpagtahing.
surface acoustic wave fromleaking fromthe _main propagation region, thus,
reduci ng Therelorsy e elestiradestonds tepasgrhavedbiecarvdishapadn seconm 22 i s
dry-etched to formthe_pattern of the electrodes, the wafer, %ich is to
be di vi ded i nToPEFersdhes phpromgnen; Hhespace heiwern theyelectyodes adipgemdd wit h
I on beam 23 entirely unde sanme_condi ti on hecayse of a proble

as50Ci atef&%@hﬂ@@&i%@ﬁt@ﬁﬁw&t%%&bwﬁ paatheauter %ﬁ%@n@heo a
“central portion qf the wafer .in.a directi substantially perpendi cular to
the wdr ervalgr e dptaronsth & Heg lahgsr | B dhe Susge hetminert he ettt er at
an angle diffierent fro he direction rpendi.cular to th fer fromthe
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10  length is reduced.

According to the present embodiment, the electrode adjacent is cut
]inearly. The similar advantages can be obtained even if the eléctrode is cut
to form a step or to cut in curve or stepwise. The electrode may be cut into
cany. shape other than those described above as long as the electrode is

15 . partially cut off.

According to embodiment 1 described above, common portion 5 and
strip portion 10 of reflector electrode 3 are partially cut off to increase the
space between the common portion and the interdigital electrode and the
space between the strip portion and the interdigital electrode. The increase

20  of the spaces reduces the influence of the amount of charges on the electrddes
| adjacent to each other and reduces the influence of the unbalance between
. the amounts of charges during forming the pattern of the electrodes by
etching of the metal film, thereby preventing the electrodes from having the

curved shape in section. .Consequently, the SAW device has a reduced

25 propagation loss.

(Exemplary Embodiment 2)




to each other of the SAWdevice that are located in the outer portion of
the 5. wafer is determned to be larger than the space beMasdr200Be

el ectrodes located in the central portion of the wafer. This arrangenent
reduces tHEE/JRW/09d24r € of i on beam 23 and hence reduce the side etching of
the electrode in the outer portion ofiethe wafer even- when that el ectrode
Is irradiated diagonally with incident ion beam 23 since the anount of
charges per unit 10 length is reduced. According to the present

enmbodi nent , tlér.et dstarodulargpd gemtidlsviewt of ki sdate achstic wavieatSANWY ant ages
can-be obtained even if the. electrode is cut to forma step or to cut in
curve or devigsvinsaccoriance| ethreag¢mplayy pamhodimient @ ofdiye prepemeinyensiont han
those described above_as long as the electrode is__ 15 partially cut off.
Accor di ng t o lanblisi dehementyasrilaniatboseve Flto ddbHlydrating the daviceofr i p
portion 10 of reflector electrode 3 are partially cut off to increase the
space betihadimeat cbriHsn dsaﬁtqdongaHae 981G Fegnge t AMNEralst fBdeisaR@tt he:
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PCT/ JP0O2 I'S an enl arged par vi ew of a surface acoustic

wave (SAWNhGEHERE 2 TrACERE JANGEribAL iR XSIRA £ THORISE Trord Phodeh®fPT esent

i nventi on.
10 embodiment 1.

According to embodiment 2, common portion 5§ and strip portion 10 of
reflector electrode 3 are partially cut off linearly, and common portion 4 of
interdigital electrode 2 is partially cut off to form a s'tep. According to this
érrangement, a space between common portions 4 and 5 of electrodes 2, 3

15 é.djacent to each other increases more than a space obta'ined‘by cutting only -
one of the electrodes. Since the amount of charges per unit length can be
reduéed, the curvature of ion beam 23 and,- the influence of an unbalance
between the amounts of charges are reduced, and thus side etching of the

' electrode reduces. Consequently, the electrodes are prevented from having
.20 a curved shape in section, thus allowing the SAW device to have reduced
propagation loss.

According to embodiment 2, common portion 5 of reflector electrode 3 is
partially cut off linearly, and strip portion 10 is partially cut off to form a step.
The similar advantages can be obtained even if the common portion 5 and

25  strip portion 10 are partially cut off in curve or stepwise. Common portion 5
and strip portion 10 may be cut into any shapes'(.ather than those described

above as long as common portion 5 and strip portion 10 are partially cut off.




In FIG 4, elements simlar to those in FIG 1B illustrating the device of
enbodi nent 1 are denoted by the sane reference nuneral s dd#arch 2006 5
descri-bed in detail. FIG 4 schematically illustrates a pattern of

el ect r od®ETHIR0%09924 | ustrating a relative dinensional relation between the
el ectrodes. The SAWdevi ce accordi nglfo enbodinent- 2 is simlar to that of
enbodi nent 1 except that el ectrodes adjacent to each other of SAWdevice of

enbodi ment 2 are gut at pqrtions in shap nd |l ocation fromthose of 10
“enbodi ment 1A i%en&@ﬁ%aﬁn%rﬂsesgr}ge@ ep SPEIBAN DoKW Br 2B por t i on

10 of " refl.ector. electrode,3 are partially cut off linearl and conmmon
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-strip portion 10 are partially cut off in curve or stepw se. Common portion
5 and s#étige bhRktd fstiukdd Pvphgatich 164 0 any shapes other than those -

descri bed above as long as common portion 5 and strip portion 10 are
partial |y cut off. 10 March 2006 PCT/JP02109924 17
(Exemplary Embodiment 3).
| FIG. 5 is an enlarged partial view of a surface acoustic wave (SAW)
device in accordance with exemplary embodiment 3 of the_ present invention.
In FIG. 5, elements similar to those shown in FIG. 1B illustrating
15 = embodiment 1 are denoted by the same. reference numerals and are not
described in detail. FIG. 5 schematically llustrates a pattern of electrodes,

and does mnot illustrating a relative dimensional relation between the

electrodes,

5 i
N

The SAW device of embodiment 3 is similar to that of embodiment 1

20 except that the electrodes adjacent to each other of the SAW device of this

embodiment are cut at portions different in shape and location from those of

‘embodiment 1. According to embodiment 3, common portion 5 is partially éut

off to form a step and linearly, and strip portion 10 is partially cut off linearly.

Moreover, common portion 4 of interdigital electrode 2 is partially cut off to

25 form a step and in curved, thus employing a combination of plural cut
shapes. | |

Thus, a space between respective common portions 4 and- 5 of




According to enbodi nent. 2 described above, common portion 5 and strip
portion 10 of reflector electrode 3 are partially cut off0Mange2008.

Addi tionally, common portion 4 of interdigital electrode 2 is partially cut
of f to PEIMARIEOERdp, so that the space between the. el ectrodes adjacent
to each 5 other increases nore. The | b&rease of the space between the

el ectrodes reduces the influence of the anmount of charges and the

i nfl uence of .the_ unbal ance between the anounts of charges, thus preventing
the el ectrisadigitidr elecirgdenayviang teleetoryelectipslse 3 nnegwespsnmotanthajuent |y,

the SAW device has a requced propagation |oss. 10 (Exenplary_Enbodi nent 3)
FIG 5 i &leghradsp ohferngdhhy; &}ltf\%v@rgy ene it Hhe edediedase Wwidhesatie devi ce
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and | Ocagﬁ%thw@fti %feaq{l 22 TRANUHE Y denCEL LY ggpaﬁn%@b@&mgtt _common

portion Is partially cu 0] toforma step an Inearly, and strip

portion éﬁmdﬁt@@f&ﬁéﬂg& ﬁé&e@ﬁéed,kﬂ&@gia@etcﬂg{%eeffnﬁfe,elg&&ra@@im&dcgg._4 of

interdigital electrode 2 is partrally cut of 0 25 forma step and in
curved, RRUS 1RBERILOXhE®:18ct$OARY Bab iRvehtad Bloh Wingmaraﬁv%d Hhape # Space

~between respective comon portions 4 and 5 of 10 March 200
10  section, thus allowing the SAW device to have reduced propagation loss.

According to embodiment 3, one of the common portions is partially cut |
off to form the step and partially cut off linearly, and the other common
portion is partially cut off to form the step and in éurve. The similar
advantages can be obtained even if the electrode is cut to form a combination

-15.  of plural shapes including a step, a linear shape, a curved shape and a -
stepwise shape. The electrodes may be cut into any shape other than the
shapés described above as long as the electrodes adjacent to each other are
partially cut off. |

According to embodiment 3 described above, common portion 5 of

20 reflector electrode 3 is partially cut off to form the step and partially cut off
linearly, strip portion 10 is part_ially cut off linearly, and common. portion 4 of

_ inteidigital electrode 2 is partially cut off to form the step and partially cut
. off in curve. The combination of the plural cut shapes increases the space
between the electrodes adjacent to each other even in the case that the space

25 - is tight for the layout of the pattern of the electrodes from the design
viewpoint, thus reducing the influence of the amount of charges and the

influence of the unbalance between the amounts of charges. Therefore, the




PCT/ JP02/ 09924 1s interdigital electrode. 2 and reflector electrode 3

i ncreases nmore than electrodes obtained by cutting onl yl®Nearahf2008e

el ectrodes. Further, the electrodes can be cut into various shapes forned
- by conbi R R02A02M24cut shapes, for exanple, even if the space is tight
for the |ayout of the pattern of thelelectrode froma design viewpoint.
For such | ayout of the pattern, the anmount of charges per unit |ength can
be reduced. Accordingly, the_curvature of ion beam 23 and the influence of
an unbal §pa¢e brimgeartherlegirodes eanbedneragssd avenindhe sase thatudesipggeet chi ng
of the electrode is reduced. As a result, the electrodes are prevented

f r om havihdightc fox, dbe shaysati of the Redersrof theselasireds fgomnshedesdani ce to
have reduced prop&gat{on | oss., According to gnbodi ment & one of the common
por t i ons VIeWRMARE, 9 glectgodesiaf any paftarpneans beprevantnsd fom bavang ther

l'inearly, and the other conmon ortion.is partiall .cut off to formthe
step andcpﬁvegiu,stl}lgpe-rms 1Y ar Cogﬁ%‘*ﬁ@é‘ést’g%né‘ﬁ@o@%'?%é‘dmemei Fﬁ?he
el ectgode CLS ut to form.a conbi nation .15 of plural shapes including a
step,®a Fohst RIORAEAUNIASYeq shape and a st epwi se shape. The el ect rodes

may be cut into any shape other than the shapes described above as |ong as
the el ectrodes adj acent to each other are partially cut off. According to

enbodi nent 3 descri bed aquyﬁg@gbggn@&i‘%lﬁ 2 20 reflector electrode 3

is partially cut off to form y cut off linearly,

strip porti oRelfdifePey kha! biestht GhlehliBfiad Yonftifh COMPERM BA! hOBad, Of

interdigital -electr I's partrally cut o step an

partial | Yoftn oPhfrdfRcidl MectrdBE thATRIFB3IH AW tof Af iRldRitAWIoh8RES -
increases the space between the electrodés adjacent to each other even in!

t he pRseatd artidglys RagoffSto iifickdadbt af Spadchdet@uont tHf oldi@riBist erThef the
el ectrodes fromthe design viewpoint, thus reducing the influence of the
amount  ofncpbadeyef thanghdcaebetween the electrodes reduces the influence of the
amount of charges on the electrodes and the influence of an unbalance
between the amounts of charges during forming a pattern of the electrodes
. by etching of a metal ﬁlni, thereby preventing the electrodes from having a

15 = curvedshape in section. Consequently, a surface acoustic wave device has a

reduced propagation loss.

. . -
il




i nfluence of the unbal ance between the anounts of charges. Therefore, the
10 March 2006 PCT/JP02/ 09924 19 space between the el ectr o0emreapodse
increased even in the case that the space is tight for the | ayout of the
pattern SCTHO20%EEr ode fromthe design viewpoint, the el ectrodes of any
pattern can be prevented from having &Zhe curved shape insection.
Consequently, the SAWdevi ce can have the 5 reduced propagation |oss.

| NDUSTRI AL APPLI CABI LI TY According to the present invention, a comobn
portion and a strip portion of a or el ectrode that are adjacent to
~an interdigital ctrode 10 are partially, cut off to increase a space
bet ween the ér éc?[qr ICOPFEC YBCHFOPREISIPEce bet ween the el ectrodes
reduces the influence of the nt of charges on the el ectrodes and the
i nfl uence of an %B’&F%%@% rl%%‘f ®the amounts of charges during forming a

f the el ectrodes { on )
Fhe ol actrodes f ABmHAVRRYAL SRR adEh BF) i e Roieeth bl y. o

surfa% %ggustl c wave device has a reduced propagati-on |oss. 10 March 2006
PCT/ JP02 924 20 CLAIM5 1. A surface acoustic wave device conprising: a

pi ezoel ectric subs I t S
pi ezoel ectric su%s%é;fg%tcgor ac rﬂﬁgé? {)@éi%,gron J’F%@t ig elgértg%//c% Sﬂﬁ%t%#esgb‘gi
pi ezoel eféﬂ_é&oﬁé’fééffo% ?nclﬁﬂhgg a common portion and a strip portion,

wherein said common portion and said strip portion of said

reflector electrode have respective cut portions adjacent to said interdigital

10 electrode formed therein.

2. The surface acoustic wave device of cigim 1, wherein said common
portion and said strip portion of said reflector electrode having said cut
portions have potentials generated therein different from a potential

15 generated in said interdigital electrode adjacent to said common portion and

said 'strip portion.

3. The surface acoustic wave device of claim 1, wherein said interdigital
electrode and said reflector electrode have all corners adjacent to each other

20 cut off.

" 4. The surface acoustic wave device of claim 1,
 wherein said piezoelectric substrate is split from a piezoelectric
substrate wafer, and
25 wherein an amount of said cut portion in a central portion of said
piezoelectric substrate wafer is smaller than an aniount of said cut portion in

an outer portion of said wafer.




reflector electrode including a cormon portion and a strip portion, wherein
sai d common portion and said strip portion of said reflsEmMmarcheloest r ode
- have respective cut portions adjacent to §id interdigital 10 -el ectrode
fornmed therein. 2. The surface acoustic wave device of claim1l, wherein
said common portion and said strip portion of said reflector electrode
havi ng. sai d cut portions have potentials generated therein different froma
potential 15 generated in said interdigital electrode adjacent to said
common portion dhdhesuxfass aequgpisrvhve degice thelainr I,agkerinwsid interdigitadvi ce
of claiml, wherejn said interdigital electrode and said reflector
el ectrode h&leeteade and saidkreflijchorelectrodeach famhed by 2bryaithnig . 4. - The
surface acoustic wave. device of claiml, wherein said piezoelectric
substrate is split froma piezoelectric substrate wafer, and 25 wherein an
amount of said cubjportibn in a central portion of said piezoelectric
substrat® waf er § dhasyyiace epstigwaredevicopf claim L uovhexein isaid interdigitalit er
portion of saig fer.. 10 March 2006 21 5. The surface acoustic wave device
of claimi,® enadd; spifreflesten elactradecinalude materiadi lpsscsusseptible to
el ectrode arg,f.orned by dry etching. 5 6. The surface acoustic wave device
of claimi1,® ggﬁagé%d interdigital electrode and said reflector
“electrode include material |ess susceptible to etching-than Al. 7. The
surface acoustic wave device of claim®6, wherein said material 10 |ess.

susceptible to | ng - n_Al has | arger .nmas han Al . 8.. The. . surface
rcousti o vive dau Qi SrHaRE ettt e fEvict B olalal 6 gibedpin sd HatSrial
10 less susceptible to etching than Al has larger mass than AL

8. The surface acoustic wave device of claim 1, wherein said interdigital

electrode and said reflector electrode have thicknesses of 150nm or more.

15 9. The surface acoustic wave device of claim 1, wherein a ratio (S/L) of a
space (S) between said interdigital electrode and said reflector electrodes to a

’ thicknéss (L) of each of said electrodes is 2.5 or more.

10. The surface acoustic wave device of claim 1,
20 wherein a cut width of said cut portion of said common portion in
" a longitudinal direction of said strip portion of said reflector electrode is 1/4l :
to 1 times of a width. of said common portion of said reflector electrode, and
. wherein a cut width in a Jongitudinal direction of said cut portion
of said strip portion is 1)2 to 6 times of a width of said strip portion. |
25 '
11. The surface acoustic wave device of claim 1, wherein said

interdigital electrode includes a common portion having a but portion formed




el ectrode and said reflector el ectrode have thicknesses of 150nm or nore.
15 9. The surface acoustic wave device of claim1, whereiMargha@Goe (S/ L) of
- a space (S) between said interdigital el eetrode and said reflector

el ectrodes to a thickness (L) of each of said electrodes is 2.5 or nore.
10. The surfac stic wave device of claim1, 20 wherein a out width of
sai d cut porlf"‘} g’r’?ﬁl&‘ aFH-common portion in a Iongl tudi nal direction of
said strip portion of said reflector electrode is 1/4 to 1 tinmes of a

wi dt h of said -comon portion of said reflector el ectrode, and wherein a cut

width in a. Jo dinal dir tio-u of sai,d cut portion, of said strip
portion is 1/2 t%‘éjG times oﬁm‘i W{#‘ﬁe GFOMSHGWEER; Vﬁ?ﬁ?f@lﬁlmzﬂ wiherghpa
surf ace aco | v ce, of wherei n sai d terdigital .

el ectrode inc u‘ge&ﬁag’fcg%ﬁbﬁuﬁ&q H%Wjﬁ]gcﬁm@&?nﬁ?ﬂrﬂ%‘n“ § 31@23181‘331
~partially t 2...Jhe surface. agoust cwav ce of’
claim-11, \%z%érﬂéﬁmne a "ér%%ﬁéﬁfe&aﬁo& ap}BP%&tBﬁl ’a'f lizegtp ‘E)f%% SHBPU on
ongt t uc T Selidh'd ?é%fdo é*%?%sfs 88 of bt il o B Rl b gl
of said comgpptiel i On of said int erd| gi tal eI ectrode. 13. The surface
acoustic wave deV| ce of claim1, wherein a maxi mum 10 space between said

cut portion of said strip portion and said interdigital electrode in a
direction of a width of said strip portionis 1.2 or nore tines of a space

~between a porti a8, hesaidass Hebufi Wa AENES of Rensal %ﬁﬁéiieni’ i@l Sai d

| strip portion and said interdigital electrode. 15 14. e sur ace acoustic
. Wﬁve 'delt cespdcechatwrenl saidh@ueiportidndof whid B&Yip | ttich hABMEBMAd! MhierdbRAI

shape.

_ electrode in a direction of a width of said strip portion is 1.2 or more times of

a space between a portion of said strip portion other than said cut portion of

said strip portion and said interdigital electrode.

15 X 14. The surface acoustic wave device of claim 1, wherein said cut

portion is formed in a step shape.

15. The surface acoustic wave device of claim 1, wherein said cut
portion is cut linearly. |
20
16. The surface acoustic wave device of claim 1, wherein said cut

portion is formed in curve.

17. The surface acoustic wave device of claim 1, wherein said cut

25  portion is formed stepwise.

18. The surface acoustic wave device of claim 1, wherein said cut

portion, 1s shaped into,a_combination of at least two of a step, a linear shape, .




15. The surface acoustic wave device of claim1l, wherein said cut portion
is cut linearly. 20 16. The surface acoustic wave devi ce10Madta2006l,
wherein said cut portionis formed in curve. 17. The surface acoustic wave
devi ce ofPEI/dPAR2/DI9%Mherein said cut 25 portion is formed stepwi se. 18. The
surface acoustic wave device 'of claif3l, wherein said cut portion is
shaped .into a conbination of at |least two of a step, a |inear shape, 10 j
March 2006 PCT/ JP02/ 09924 23 a.curved shape and a stepw se shape. 19. A ]
uni t conp FeIvieg: shap a stepwisgrsha®e- acousti ¢ wave device disposed on said |
base, said surface acoustic wave device including a piezoelectric
substrate, an interdigital el ectrode provided on said piezoelectric

substrat e, anﬂ?é&) a.reflector electrode provided on said piezoelectric
substrate, sai-d*FOH SERRESMEct r ode i ncl uding a common portion and a strip
portion, said co n portion and said strip portion having respective cut
portions adjacen ®sai d interdi gital electrode; one of a bunp and a wire

L ety SoupkRg A bR AGGEeipol LA RBE R utRYS
net hod of, ARAYyE %&é@&%@i&‘l‘ﬁ&ﬂ&e acoustic wave device,
| a piezoelectric substrate,
an interdigital electrode provided on said piezoelecti‘ic
substrate, and |
10 a reflector lelectrode provided on said piezoelectric substrate,
said reflector electrode including a common portion and a strip portion, said
common portion and said strip portion ha_ying respective cut portions
adjacent to said interdigital electrode;
one of a bump and a wire for electrically coupling said base to said
15 surface acoustic wave device; and

a cover for sealing said surface acoustic wave device.

20. A method of manufacturing a surface acoustic wave device,
comprising the steps of:

20 ' forming a plurality of interdigital electrodes on a piezoelectric

substrate wafer;
forming a plurality of reflector electrodes on the piezoelectric
substrate wafer, the plurality of reflector electrodes each including a
common portion and a strip pprtion having respective cut portions formed
25  therein adjacent to the interdigital electrode; and
dividing the piezoelectric substrate wafer to obtain a plurality of

surface acoustic wave devices each including at least one of the plurality of




conprising the steps of: 20 formng a plurality of interdigital electrodes
on a piezoelectric substrate wafer; formng a plurality10Mared b@st or

el ectrodes on the piezoelectric substrate wafer, the plurality of

refl ect oPA/¢ROI/AME each i ncluding a conmmon portion and a strip portion
havi ng respective cut portions fornmed2425 therein adjacent to the
interdigital electrode; and dividing the piezoelectric substrate wafer to
obtain a plurality of surface acoustic wave devices each including at

| east onéntsrdigitallestspdasand at teavkonie dtbe marliyod/refector 2ledtmdesdi gi t al
el ectrodes and at |east one of the plurality of reflector electrodes,

wher ei n FFSFRBLAR ABROYeoldhe martiengt aswifpecmaeoustisusaye dorige ofithe ce of
the plur Iitl of, surface acqustic ve devices that is located at a '
central ﬁgﬁufa} ﬁﬁ of surface geoustie mease devisepthatisdocaied atiascentapl ertioman

asurface ustic e device of the plurality of surface acoustic wave
dovi ces ChERe picqoglantti supstrate grater lﬁémql@%f gran g supkaceracopsticiavaret hod
of cl ai my20 ein sai.d ste f forming the plurality.of interdigital 10
ol et FoqBevicn e PrRR B SBispee, POPURP ma e P vEtes et g oAl B gt t al
nd wherein said step of formng the plurality

el ectrod e i_.n a
of refl egﬁg&%(%%}ﬁ%gt@? vg?%&"l udes the sub-step of formng the plurality of

reflector electrodes by dry etching.

21. The method of claim 20,
wherein said step of | forming the plurality of ' interdigital
10  electrodes includes the sub-step of forming the plurality of interdigital
electrodes by dry etching, and
' wherein said step of forming the p‘lgrality of reflector electrodes
includes the sub-step of forming the plurality of reflector elecfrodes by dry
etching. |




ABSTRACT In a surface acoustic wave device, a conmon portion and a strip
portion of a reflector electrode are partially cut off tdoiNeree28® a space
between the electrodes. The increase of the space between the el ectrodes
reduces tHel’dPR#OBIte of the ampunt of charges and the influence of an
unbal ance between the anounts of chaf§es in etching of a netallic film
thereby preventing the electrodes fromhaving a curved shape in section.
Consequently, the surface acoustic i ce has a reduced propagation
Coos. ABBYRAGK ,

In a surface acoustic wave device, a common portion and a strip portion
of a reflector electrode are partially cut off to increase a space between the
electrodes. The increase of the space between the electrodes reduces the

5 influence of the amount of charges and the influencé of an unbalance
between the amounts of charges in etching of a metallic film, thereby
Vpreventing the electrodes from having a curved shape in section.
Consequently, the surface acoustic wave device has a reduced pr_opagatidn

loss.




