; e3exuTxr| 4*6TTHP10 ~ NOV ~p~ Surface acoustic wave device Field of

Technol ogy This invention relates, for exanple, to a surface a@pNO¥ M0y e
device used for oscillators, filters, resonators, etc. Background

Technol ogy I n el ectronic equi pnent using high-frequency waves su

‘portabl e tel ephones and wirel ess communi cators, surface acousti cmml"!uml”‘""”m
devices are wdely used for filters, resonators oscillators, etc. Insi

such el ectronic equipnment. This is an inter digital transducer-type ‘166166

el ectrode installed on a piezoelectric substrate such as quartz’m”ﬂ”w
Conventional |y, randonl y-ori ent eSurfiek ¥esuytid waveidegical um num has luwwwmw
this el ectrode. However, even in such an electrode, when a surface.ggustic
wave device Fﬁ[dmﬁﬂﬂo%‘:y | ong period, the oscillation frequency changes
over time, making it difficult to use a surface acoustic wave device stably
over a long peri othis lilventioke relites, T eLadiple, 20 Ghsuafabd) @EdustTiwagd deVice hieédor S
the use of absdiNators)¥iftbds Q¥sonatolsh@cel ectrode, al though the orientation is
random (Pat Pub Sho 61-47010). However) even in such an el ectrode when a

surface wavepsidkgréthd Fechdlogy Or a | ong period, the oscillation frequency
changes over tinme, nmaking it difficult to use a surface acoustic wave
device stably ovem éledtinit ffignRit udif€ highifesguéncy wived Bich dsyRfabieORldphomhds
provi de a sudnbowiRel@daOdopinhfhichBre sdﬁuw&oMQSﬁa&s&dvtdeaueomJelﬁquanfoy filgerfar d
to change oVesonhioRFosciltafofs, 616 Ufifidsuch Biection ?ﬁi&nﬂ'he neans by this
i nvention to sol ve the above problens are as follows: ( 1) A surface
acoustic wave devrkie ikhal iMés digitalu kadsdadet type délectiodp | iRtAIRMEEH Id PidzBEIeE el
(énd an el ectsubsfitd sush & quadzon the substrate and which oscillates at an
oscillation frequency by conduction to the said el ectrode, characterized
that the said el eCédvenlfonallyiandogily-arigiddysolyceysedllirierstuminini has bednaysed adkist hi s
pol ycryst al |ldlstaodd.um num | ayer has crystal boundaries that are twn
boundaries. (2) On the surface acoustic wave device described in (| ),
sai d pol ycryst al | Howewet, evem imsuch an {eleitrdde] whetph awrface acdustic waye gevaceeis ysed - 1
1 } plane, {forla long peripd,ahe pscillation frequehcytimangss dvedtimé, makingit akifficulf @o Os23
pl ane, and {sGrfaceZkoytiamaye device@tablyidver adofig pOdd(3 ) The surface acoustic
wave device described in ( 1), where the piezoelectric material is
quartz., which hde ofdt® xﬁrmsu(:ln)smommm@osa@wh@mQﬁabmnmlaﬂeyas
descri bed i the ¢lectiody, althoyghthe atfeatation jsgandgtvdPatub She 64#783M.cut substrate of
a rotational Y plate by rotating a quartz Y plate by 1060 around the X
axis. (5) The surlowevencyensin suclaw elegteode svher)a sufacy avave devierois sed for a)losg))
wher e the { periad, the oprillation frequency shangicn oner time, makineclt difficnlt to ee anifagy, 130
rel ative t o apopstic Wave dpvicgisiahly ayer 4 leeg peiod- pi ezoel ectric material. (6) The
surface acoustic vvave devi ce described in Onerﬂ?’];ﬁ‘f*(ﬂ? (5) where the {-11
-1} plane and { _objegtive of 'apégwem Hdo RraYide SCACONRIC WA dﬁ&‘ﬁﬁd"é‘f’?“es
(7) The surP&‘EE“é’Bcﬁ?ﬁW hgE oYM hed in one of ( 1 ~(6) where the
(}rystal grain of the L l pI ane and {0 O 2} plane of the said alum num
and the cryg‘ﬁ’l"”gf'a?ﬂ F“F‘? 1 -1} plane and {0 0 -2} plane are in a twn

t al I h Th f t d i bed i
o 'the (1 Hhe aesos bt e i C‘%”nsr%li}%vs“’ﬁé%fjﬁé"z%eume?85 The

sur f ace _aCOlef)t I glé\ﬁr‘ga diﬁ:ﬁbdescr I beclhatr)\agg%ub% adg o% 2ez<§e§20h‘xc ma{enal { he
on

oscillation e in e substrate and which oscnllates atan osclllatlon frequency by
conductxon to the said electrode, characterized that the said electtode comprises a
polycrystalline aluminum layer and this polycrystalline aluminum layer has crystal
boundaries that are twin boundaries.

2) On the surface acoustic wave device described in (1), said polycrystalline aluminum
has {1 1 1} plane, {-1 1-1} plane, {1 -1 1} plane, {-1 1 1} plane, {1 —1 —1} plane, {1 -1 —
1} plane, {0 0 2} plane, and {0 0 -2} plane.



( 10) The surface acoustic wave device described in one of the 11--(9),
where frequency change after 1000 hours2of use is 50 ppm or sna I?eN.OV(%UﬂQ

) The surface acoustic wave devi ce described in one of the ( 1 )~( 10),

whi ch has a reflector that strengthens the vibration. (12)The surface

-acoustic wave device described in (11), where the reflector is nade of the
sanme ki nd (®f neTlersuahceasotdtie vaive devicddescr{btd)n @) swkdrathe pdezoelsdtiic matviel idevi ce
that has a ggbstﬁigﬁ Ea %g‘ﬁ q;nepi ezoelectric material and an el ectrode

i nst al | ed AT "€UBStrat'd afd oscil lates at an oscillation frequency by
conduction to the el ectrode, characterized in that the el ectrode conprises
a poly crystalljne |ayer which i . 3.0 = = 0 e of an alloy of
al uni num a{rﬁﬁj ot léersuffg eQUNR Y agﬁlﬁﬁl“%el qecsﬁ"bﬁ%}sa tﬁ? géttg?ﬂb‘gﬁ%a%rei sé‘é?tragen'a Phe
crystal bamedarsulsraiervftahetatibhady plage Hywoatikpoal qokatzi ¥ plate byl 4)~60h eronnd thecke
acoustic wave device according to claim 13, characterized by the fact that
the electr®tfe i s conposed of an alloy of alumi num and copper. ( 15) The
surface acoustic wave device according to claim 14, characterized by the
fact that the copper is mxed within the range of 0.1 %~ 10 Wt % 16)
The. sur f ad®) eUGRTacqie VR AT AeEbeh i gne QRN&‘PM“E?%% Rt égtp.lanr: fét(keby
the fact tiighinhiiCisCOHRARE tb SbeMinsBsbdPEye eyoalieytive thie (e 6)apEke OF the Saivt % ~
1 wt% Brief Explanation of Drawings Figure 1 is a plane view show ng an
enbodi mentpiggoelestdc sytefiske acoustic wave device of this invention. Figure 2
is a cross-sectional bright-field photo nade by a transm ssion el ectron
m croscope (TEM. Figure 3 is a.fié‘%ur,e show ntg the diffraction parts of the

cy ansni ssi(6hTha sefecncowsia e devicgdescshegnonsel @éhwvhere the §-1 ;1 Jmlgne agd ang
Pig 6. Figyre 4 plafesofiicdhitihes aRhelas bsdlaRgam di ffraction photo. Figure 5
is a transm ssion electron beamdiffraction photo. Figure 6 is a
transm ssion el ectron beamdiffraction photo. Figure 7 is a graph show ng

the frequeArYhERRpRSEaBhistichfave WEfiaCEsamRY S brfe SfRME(6) Whbe8hOMHtallekdTR of theaN
enbodi ment of this invention, Fiqur is.acirculrt diagramwhich neasures

e 8 wh
frequency ‘charg®!aeand {9 §} plang 1od the faid plumingg arg the cpygiobergiaf d& -lofl ) plpne
enbodi nentan@fiotohd Splak@d1n Oivin E¥fhidatdneip.0f Codesl: Surface acoustic wave
devi ce2: Substrate3: El ectrode31: Stri p4: El ectrode pad5: Refl ector51: Strip 4
O TNOY Q02 10: GCscillating circuit 11: Power supply termnal 12:

Resistor (8) The surface acoustic wave device described in one of the (1)~(7), where thickness of

the layer is 0.05~20 pm.

) The surface acoustic wave device described in one of the (1)~(8), where the oscillation
frequency is 10~5000 MHz.

(10)  The surface acoustic wave device described in one of the (1)~(9), where

U frequency change after 1000 hours of use is 50 ppm or smaller.

(11)The surface acoustic wave device described in one of the (1)~(10), which has a reflector

that strengthens the vibration.

(12)The surface acoustic wave device described in (11), where the reflector is made of the same

kind of material as the electrode.

(13) A surface acoustic wave device that has a substrate made of piezoelectric material and
an electrode installed on the substrate and oscillates at an oscillation frequency by conduction

to the electrode, characterized in that the electrode comprises a poly crystalline layer which is



13: Resistor 14: Surface acoustic wave device 15: Qutput termn I?J’ﬁ% %
Transistor 17: Condenser f 18: Coil PBX3 Condenser Preferred E i %t g%r
Executing the Invention The present invention is explained hereafter, with
reference to the preferred enbodi mrent of the attached drawi ngs. Figure 1 is
-a plane view show ng an enbodi nrent of the surface acoustic wave devi ce of
thi s i nventaidonf anigloyvdwhiminuniriand other métals sud Sait dlloxdwesistystel baavdarigavand dhenas a
substrate 2 n.ekect e n.el IO pad 4, and a reflector 5. The
surface ag'a’ﬁtsaﬁoém‘\%/\%‘\?se{“gg?/?]g)g a%tlwsmgogjtgfiaerggi n a package, not shown. Also, the
package is filled with an inert gas, such as nitrogen. By this neans, the
surface a sti-¢ wave device 1 is made to be strqrger al nst. .such

i nfl uenceglq‘gs eT%f’ é?rﬁaé;f: & oeursrtf)ce‘?'g eudrgeé”,ce ﬁcr?{dqlgttﬁ ,C?aé ggk&’agl)%tgrdzeeﬁ,%yetﬁ %?achtshatt he
package, tselecanddiecomubaed éfan abxpofdheninoh asd @ppami ¢ package, a cylindri cal
package, and the like. The planar formof the substrate 2 has an al nost
rectangul ar shape. Also the substrate 2 is nade of piezoelectric material.
Hence, if (1Me \Thekadee asovstiawgedieviot atverdingustelairh d 4 2chatabierisadligt thataet that

vi brates. ,And t hrough,t i brati of ,t he sypstrate 2, the surface
acoustic %f@pﬁéﬁ%geﬁwggg?ﬁﬁrﬁ?%’SO?BAsMIO/%NeFOp‘lNH%'oeI ectric material for the
substrate 2, the use of quartz is preferred. The vibration frequency of the
quartz is, difficult .to change even.if th nmbi ent. t er at ur.e changes.

Ther ef or ()" 158 siymae? afei5has e EVise ashaful FRiiM 1g, EFRERAS, R RERRe ot e
2, a surf deeopmdikghixed prafeeabtiewitide the raga ob@ S oltfhal Ineds.Wwhose oscil | ati on
frequency is difficult to change even if the anbi ent tenperature changes.

(l‘f the substrate 2 is quartz, although the kind of the substrate is not

-parti cul aBrief Explabstthn cf Dr@Wingst substrate is preferable. Anong these,
preferable is a.rotationpal Y-pla - . ~ bst .

obt ai ned by yo? é&ll&nggé ri- 5 IvéetV&;Shg%vgn&n%g eﬁﬁédlycho?gheﬁyf%ﬁgﬁoz@tggnﬁa}réod?gwggf

pref er abl éhis mventiont ati onal Y-place ST-cut substrate obtained by rotating a
Y plate ar Ound.ﬁéﬁ?e >§ %thcrps\é-s%cz'oﬂg' lei ht-F'x 'dsyf%kon%aﬁ% b?/up%aﬁﬁltugsn&f eH:%ﬁa‘c% a
surface acoustic wave device 1 has excellent osci lation properti es,

especi al | yni¢rpscope (REMY t he t enperature which can be obtai ned. The thickness
of the substrat I . : O dBhsi

preferably O. 1ﬁ%ru1%ﬁ ??glrdn@#gé gxltog‘r\h%*hxhtﬁ%fa%gtﬁaft?g?iﬁ%n“ p_er_*sgi?grrg[r%g%& E?mt he
subst r at e diffraitios photbeshoivs imFigat. Fip P, aldditd 6.odes 3 conprising of an al um num
layer. This ¢l qeloif ddblAtd6Tofatt bbafRRublighopyost rate 2. Narel y, by

e , a voltage

conducting the ectro 3 I's charged to the substrate 2, and by

J

this the subst Figuee Disvitrangmisgomelection deamdiffipctiomphotest i ¢ wave device 1
oscillates. Thig, el &&ta e 3siBRSe@roh BELS didhRlibPhhotd, ansducer shape, and both
el ectrodes are non , contacting and positioned so that the inter digital
transducer of &hguref iy haraph showiegihe fisgienrnegngs afithe safapsacopstigivve dpvice
t r ansducegy@ftintdig aRthBsdifL Gk id@venfine W dth A of strips 31 conposing the
nnter digital transducer of this electrode 3 are 1 /4~ the wavel ength ~,
(e?t whi ch the sibawe &ise gropit diagragswhiplemprsuiep frequpncygharpe ovpretingg @tthw@%@
bet ween t B&ughid WhR d¥icObf dnnbdaitenedrefit Riod. IS '/ < the the wavel ength ~, .
Al so, the distance PP between the strip 31 of one el ectrode 3 and anot her
strip 31 of the other neighboring electrode 3 is 1/4 " the wavelength ~,.
Al though EREIALADESf @fdest TIPS 31 per pair of electrodes 3 is not
particularly limted, about 10500 pairs are preferable, and about 50300
pai rs arelhor e Syrfaseccastie wayg devise nunber of strips 31 is in this range, the
surface agoustiggpm@ue device 1 vibrates nore efficiently. The { 1 1 1}
pl ane of al um num conposing this electrode 3 should preferably be oriented
obl i quel y3to t Hdeqrgde 0} plane of the piezoelectric material conposing the
substratezz by sk3®. and nore preferably 515. A surface acoustic wave device
1 having an inclined orientation in this range is easy to manufacture, and
one with &n exdd¢drede padsci | | ati on performance is easy to obtain. The
al um num kayer Qi S el ectrode 3 is a polycrystal, and the crystal grain
boundary is a boundaries (a crystal grain boundary where the neighboring
crystal gbhins S in a twin crystal relationship). By this neans, even if
the surface acoustic wave device 1 is used for a long period, its
oscillation frequency becones difficult to change. This is believed to be
due to the follow ng reasons. If the alumnumlayer is a polycrystal, grain
boundary energy arises. Gain-boundary energy is energy generated by the
formation of grain boundaries dividing the individual crystals conposing
the polycrystal. In this case, if it is made of a polycrystal in the sanme
way as conventional alum num el ectrodes and the orientation of each crystal
conposi ng this pol ycrystal




0 7 NOY 2002 6 is random The grain-boundary energy becones |arge.q Lf

grai n-boundary energy becones | arge, cr@stal cones to aneIittIeaQ¢ NBYtﬂEZ
when vibration is applied to the el ectrode. Because of this, if the
vibration is applied to this kind of electrode. Because of this, if the
"vibration |s applied to this kind of electrode for a long tine, nanmely, if
a surfacelgcou SP@”%@V@CW%Vice having this kind of electrode is used for

| ong tinejit he palveicduppid@erintnabel i eved to degrade over tine, as does its
oscillation frequency (i.e. a mgration occurs). On the other hand, if the
crystal g#%in @@ﬂﬁﬂhry of crystals conprising the alum num|layer is a

tw n-crystal bougidary, nanely, if the neighboring crystals are in a

twi n-crystal boundary, namely, if the neighboring crystals are in a
twin-cryst&l r SPHRGCSRYSIGWaYeleVisE ai nboundary ener gy becomes smal|. Because
of this, eyen idumptk Rrdinbon is applied to the electrode for a |ong peri od,
grai ns conposing the alum num | ayer becone difficult to nove. Therefore, if
the el ect Abde §%F§“Eﬁnposed of a polycrystalline alum num | ayer whose
crystal ghrain kouagasi es ' are tw n boundaries, even when the surface
acoustic wave device 1 is used for a long period, the electrode 3 is hard
to degradd8overCaline, and its oscillation frequency is hared to vary
(mgrati opgReCWoaddMsén difficulty). Here, in this invention, the fact that
"a crystal grain boundary is twi n boundaries"” does not neant that al( the
crystal grain boundaries inside the alum num|ayer are tw n boundaries, but

nmeans t hapriRfed Bntodtaént Fr KL RMOMEGVehlon DUt nmeans that the existence
Cgf twi n boundaries can be confirned when electron beamdiffraction is

erformed on t H&CaPi§rsnh UYINEgR ris c BRI Jereafist.o Wity Felerence. tom the, Rrefgrred
Vi ewpoi nt epbodimentdr @l akthdhéd @fawddds. gr ai n boundari es, the al um num | ayer
conposi ng the el ectrode 3 should preferably have a {-11-1 }pl ane, and {1
-1 1} plane ofigrg Hsﬁuﬁﬁ“éé"%‘%%‘OWWgﬁ“t‘}B@ﬂ%éF?téé ﬁ‘eﬁl"{sf‘tﬁe AFPUST YHE d§¥1‘ﬁ‘é°‘a

Vi ewpoi nt thié védiRnal um num | ayer conposing the electrode 3, it is

ferable that the cryst in of the {-1.1.11} pl dt
Dol ane_and: ¢ RSt i Figr withE SFtaesropst waye 4ovich B st eaq Serte §

pl ane of aheRttrodph®4,iand a réfctor 5.€1 ati onshi p. By making the al um num | ayer
of the electro 3 ve the said grystal structure,. a surface acqQustjc wave
can be obt ai ne%ﬁ&ggcev‘fcﬂPﬁ'Fi%Wep‘feﬁ%ﬁrlt i €8 é’biaﬁaf’vgf’h'ém&g%‘?"f'l ébﬁfooﬁf’e
f r equency padkagdlisffilled with ah Aneeh@sosclONEMitrbgere ByAhis ugd) tHehserfadeiactunts vawdf  t he
about 0. 185if 9% Pl o bl assith Btk PP EEn 86 NPl Hpedis paRRRY
wi t hi n t hslsockamg@en, st UAS drepaalepeSise amby enade \forcexathpla dha adrareicqmbiageta
oscillatioq. r{&orcang%vgﬁgl%g obt ai ned. 0 ~ NO1 2002 On the end section
of the el &1T°6G P3**PHPaITed®i s an el ectrode pad (terminal} 4. To this
el ectrode pad 4Cheptanacfotnedf the substite 2 hisremtalsdsomatangdarchape e ddsoitiee sobistragr® i s
e’ ol cot oA Sh HepudeRi, B fye B doe IRBUEH: MgVl B sitluaB ) 2 O ©
i nst al | edsubstratee pibmicsi omdah@ygh the mitirhtenedfehd subsieatd 2, thhissrfacefak@stiomate has
t he functigﬂcho&ﬂBkgfying the vibration generated by the substrate 2.
Wdth B OF eac sfrlp'51 conposing the lattice of the reflector 5is 1 /4"
t he wavel engt h As, thatpiesbéledtrid imetegalbfet thatsebstratei 1yrtlat wss. of Auanty, ist fvefenrert eThal Q
of strips of the reflector, 5 i.s.1(4 '' the length, ~ . AlS bot h
onds. of "extheepshfaty bt € iiers el enpmbdf el B S e henf 0 s
per ref | edherefde,ity usoig quanti hcthk pickzyeléctniti mateial frothe sEBETOQ, a surfice heovatd e,
o1 SO0 P Pl B SRR ol NGRSl I WA B Pt BT
reflectoyaﬁbshomhmmpmeﬁ$ma$by_be nade pf t he sane_naterial as the electrpde
3. By this means,, UAe, changs. i, Bl hoRaBLPRELIH:ERe Wk bl dgaiadat i on
an ST-cut substrate is preferable. Among these, preferable is a rotational Y-plate ST-cut



is al so suppressed, and even if the surface .acoustic wave device | is used
for along period, the oscillation frequgncy becormes difficult toQvaNOV 7082
oscillation frequency of this kind of surface acoustic wave device 1 should
preferably be about 105000 MHz, and nore preferably 1002500 MHz. When the
‘oscillation frequency of the surface acoustic wave device 1 is within this

range, theubdtaleabRine oy sbthitngBY HlASHoGR the XX THyNIDR60°¢ ¥ifhbr@ Hrefe@blelid &t | on
properties. Also, the change in the oscillation frequency of the surface

acoustic weletonabVipiase STnt @bst@mtmﬂdrbs’ rgatingeY glatsiaranng theXe s by 204050 ppm
or less, more Fﬁ‘%ﬁg a“ ¥ ?@b&? PO d §fface %”stgc Sve ’E%%‘e R & eé&@f%ltbe 10
ppm or | ess. ¥ SUrface acoustlc wave devi ce can be use
st abl y f orosclatentperpdeids, pepecially inAbronsef tltemmpe'rahurelvvhwbnambtsommdai ned in
detail based o f bl t d mnngs
tovever, ¢ hi s | SRRl FLia bR o oAl pabalf ofs AFRE SR
t he enbodlpmferablyarl~énmh &nmuhmewmntmdsnlmaomgprbuaWz as an exanple of t he
pi ezoel ectric he substrat this. DS 1091
Pl ted ot hi O BrelstR 2 indliod A 25 BT HeRietef s perbring W IR binlef 19,
pi ezoel ectThiscelevabdy 3 allargesa voltgzeso st snbdtrate 2, Nanrel;ebanqnidsctmgcthe elxarqdbé a
al t hough, t he .sai a
el ect r o *assip el E R S ERE 2ol B P e B ordB St R e s P
extend t hatave ledaelsosaidtatenbst ruct the crystal structure, and al so inevitable
| mpurities can fig. GANLALNERed B Do Rl HAY e b SHAOf Bl B St M
all oy may be use ¢

( El um num systaatingand OySIthfT@d seﬂamhb anterahigitul transdeder aﬂ qumqﬁ e dﬁuﬁOdumombmcan be

sed. O her..t V. um (Ti), silicon (Si), and

tantal um ( th)tngir?’tegg%ﬁdim?%“ﬁg ofﬁqr%%%h%hglg‘gﬁ%e al so used. As for these
al um num aI | oy sTherwistthrdy ofiistribs hl danpesivg tiesipec igitdlytransdoreraf pipe plegt@dy 3 are xi ng
shoul d pr I t hj % I t e ep Of
0.1 w0t - b BRoteREndth o hEw i Rt RE S, RGeE Aedtilyl Wld, WAC ARG
pr ef er abl )beb&ehvtltehmpth of tiengme @fect@odx‘zB i9eOths Herwavelenmi &, Alid, khetdistance P’
i nvention, HIXI sho refer e wthin_the range of 51 wt % re,
the al uni rli’ﬁﬁ‘(e§9/ &fPal 039?5 © @BTiEoa? awga * B Lol e o 'fﬁ‘%l‘ibﬂ@"gn“é?"é‘f’fi%rg
have t he sai/d™piecpetiypth Rat the crystal grain boundaries are twn
boundaries. They are different_ fromthe foll ow ng alloys whose orjentation

is random [E Hﬁm@]nwbcm%m'&sc%hP?rrPglranmv%f@é 3de sasparticulpblelingsdh ce A

surface agesgtlinCs00p4Es dﬁvpr@feramsaxﬂmau\itmtwoqﬁlrbxretrﬁtﬁe i)&lfdrﬁm NF thehuiesdr [
1.1 ] First of ?6‘34 uart Pstrate with an external form,of 20X30 nm

and a t hi CEMEES Rgey) 35‘5 g12coustic Wave dedteclotibrates mgrssfliciently. i s
quartz substratehewgis1al § Gilanei dadmiXufil @hosig eHid el‘ébtlitﬁib ratidubpiefefdlly By

Cubet r at e raehaginiebuP i LY Dl il P ecls it potdean g epeate 27117

Qu bstr at e by[1:38], abxdore prafdrdbty SUrsP ace swtfacé hmnstqum\tezdesubstﬂaamg,anaﬁclﬁnhwm' num
ayer of a thickness of about 0.25 |un was formed by the vacuum vaﬁl
coating nefiRyationTie Wisgapeec Batashdios aciie endpone p"“i‘H an exprdletapisilfatienat i ng
t enper at Unperf¥@dtands39 CasydBbthile Pressure prior to vapur coating was 0.5
Torr.
P The aluminum layer of this electrode 3 is a polycrystal, and the crystal grain boundary
is a boundaries (a crystal grain boundary where the neighboring crystal grains are in a twin
crystal relationship). By this means, even if the surface acoustic wave device 1 is used for a
long period, its oscillation frequency becomes difficult to change. This is believed to be due to
the following reasons.
If the aluminum layer is a polycrystal, grain boundary energy arises. Grain-boundary
energy is energy generated by the formation of grain boundaries dividing the individual crystals
composing the polycrystal. In this case, if it is made of a polycrystal in the same way as

conventional aluminum electrodes and the orientation of each crystal composing this polycrystal



[ 1.4] Next, a resist by photolithograph was made, and etchi ngQ@fNOY 2002
performed with this resist as a mask togthe quartz substrate where the said
alumnumfilmwas forned to renove the unnecessary part of the al um num
film By this neans, a pattern shown in Fig. | was fornmed on the al um num
‘layer on the quartz substrate. Nanely, on the quartz substrate, are forned
a pair of istaadém odes, greihdotidatdeepagsbicosealarged Hrgriihéommdrysaetdyobeomts t he
el ectrode and a refl ector Sltl n.a separa h SI des of
The_ el act Fseesfl iotags Tindte RER by BRSPS NauREREREY o By BF Fdfhup e b
el ect r odesf thid)er @ emta&@des apted ol Kiddeofreddctrodel Weckie of thx; m&ﬁ% Vibgatiottis | Nt 0
ads tq connect

a 2X3 mm chi W re erfornmed on he el ect rode

the wi r es PRled t it Ilfé}d %ﬁ%ﬁ%&em@ﬂ%ﬁ@ fmeay-df 8 Sk Wé%@%ar@ée 98"igbt ai n
a surfaceha«ﬁ@%&hs zma\@veledeweqeusehlefbelongaﬁieamerwecw@ id GBleveditd Begidder 9@EN gas
was being fil edlntolhhe packa g 9 ~TNOV~p? The width A of the

el ectrodeé‘m§t‘?’5|d;9§s'69fos‘€ atiqgfregp }fl (g Pigration OSERYi ¢ wave device is 2.5 um
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was per f or med Although the thickness of the electrode 3 is not particularly limited, about 0.05~20 um

is preferable, and about 0.1~1pum is more preferable. If the thickness of the electrode 3 is within

this range, a surface acoustic wave device 1 with an excellent oscillation performance can be

obtained.
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of this For example, although, in the embodiment, an explanation was made using quartz as an
example of the piezoelectric material used for the substrate 2, this invention is not limited to
this, but lithium niobate (LiNbO3), etc. can be used as the piezoelectric material for the
substrate 2, for example.
For example, although, in the said embodiment, an aluminum layer was used for the
electrode 3, other components can be contained in the aluminum to the extend that it does not
obstruct the crystal structure, and also inevitable impurities can be contained in the aluminum.

Furthermore, aluminum-system alloy may be used for the electrode 3.
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surface acousti e I i this
ki nd of surfacéﬁéﬁgﬁﬁsegy\%\%vaeq%\% %gétlpéﬁer g)nha%rreg‘rﬁ"};hug’% E?gﬁg%nggu%gcay
waves sucthicksegsof.#minl wapipeepersd ance niczedlests substraini CRhis quareqsubptmtntwastae

reliabili i C &hgr&g . 0
7 NOV Q)Z;Oég&ﬁ%\}gp Ealté o ffi)trslstt;}lr’ g:gg bg‘g%gg)fl%a\{/@ Qﬂ%@ fa%eh%{;h'ﬁ%ga su @fr ate
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el ectrode, charac erlze that the said el ectrode conprises a

pol ycr yst atarizguebsiiatgni num | ayer, said polycrystalline aluminum|ayer has
crystal bounday].ge. il ohfiil skl GTiksly gﬁéﬂﬁﬂ&ﬁ&r b Suffin 1 SPAURBRILES, 2
The surface acous i c wave device according to cfaim 1, said polycrystalline
has { 1 10flaboup.ghem yasiformediby)the) vagyuam "PPQF cogting methyds nhe vapar cpatingi spgedane, {
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wave device according to claim!]l 2, where the piezoel ectrl c material is
quartz whfetngdes 99 kfom pl ane. 4 The surface acoustic wave device

accor ding to claim Nk adresih ghotolihograph was made, and etching was performed with

( J this resist as a mask to the quartz substrate where the said aluminum film was formed to remove

14

the unnecessary part of the aluminum film. By this means, a pattern shown in Fig.1 was formed
on the aluminum layer on the quartz substrate. Namely, on the quartz substrate, are formed a
pair of electrodes, electrode pads installed on the end sections of the electrodes, and a reflector
positioned in a separate place on both sides of the electrodes.

[1.5] Next, this quartz substrate (wafer) where the electrodes, the electrode pads, and
the reflector were formed was cut into a 2X3 mm chip, wire bonding was performed on the
electrode pads to connect the wires, and further packaging was done with a ceramic package to
obtain a surface acoustic wave device. Here, packaging was done while nitrogen gas was being

filled into the packaging.
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substrate is an ST-cut substrate of rotational Y plate obtai ned by rotating
aquartz Y plate by 1060 around an X ax@s. 5. The surface acouf }ﬁ
device according to claiml to 4, where the { 11 | } plate of t e 02
alum num |l ayer is oriented to be inclined by 1 - 30 relative to the {0 1 0}
"plane of the piezoelectric material. 6. The surface acoustic wave device
accordi ng to clHiewidtht’oofthe vlaeroded stéps{of thel obﬂanﬁedpﬁrﬁmeamdld\haale{de\hcé.isﬂ.j
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accor di ng sirips 6h &erdlebtrbde i313011m§ and kR nulhbelofesips g réflectonds UBD pi'déasl ayer is
0.052 um 9. The surEace tic vvav devi ce accordi ngstto clajm1l

8,
where the osci I45%itBHopl H'é rgugngy P é}tﬁo‘t&’“ﬂﬁqf sugface aeqistic, yavg vﬁﬁdﬁgmc

wave devi aggaccording to claiml to 9, where the frequency change after
1000 hourg of use is 50 %gm or smal‘}m{ . 11. The surface acoustic wave
devi ce acéor di fiPAFNGRSPHICE ALYPSHYWAYGHERI® has a refl ector that strengthens

the vibration. [212. Jbervatidif FREr@s Settibh 6f AGivRcORBISEC WaCEddvibety dn@leetran M 11,
where the r.eflector is made of the sane kind of naterial as the el ectrode.

13. A sur fH¥85®P%usti c wave device that has a substrate made of

pi ezoel ectri c matcRiss sdction df arsudhRCdcoastie wavs ldaviteBeford ﬁahegﬁlghﬁiaiﬁdeinaﬁd

oscillates at an cil.l fre conduction.to the ele ,
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whi ch i s madeobtdinaineladtionymtosabpenplivsenianioval ire FigreX, alThe afshnifdatiord |df ajte has

crystal bo ndar| es, ?(g%gﬁhe crystal boundaries in the alloy are twin

boundari e§™ ho tographs Wap FPSte acoustic wave device according to claim 13,
characterized lyFighe, thabivet lagér 1§d[lﬁlte,|aﬂdﬂfc®¢ﬁbrlld§'em@ﬁmm&ﬁd1 of an alloy of

al um num and co e surface acpus ve.dev accor dj

i 14, - char AP By §1eF R TeRESonR anop b Fig o BEa PORTFea l OF AP
range of Gyér mte%menida mtz%:orilsﬁmt directipnir fBgcduﬁmansI itChasidbeen denﬂrmed abataheli ng
to claim 1pumlchar act (Xmaaqle f/ﬁ b, %{qiﬁpen‘%(mﬁ\%%out tllf’rp,&a @*ef erabl y

within th&ran uml%’f"r
. A9, . A{ crystal grainaand the crystal grain b are in a twm relationship.

Furthermore, as shown in Fig. 2, the interfaces of grain boundaries in the aluminum
layer are very smooth because they are twin boundaries. Therefore, compared with a
polycrystalline aluminum layer composing an electrode of conventional surface acoustic wave
devices where the crystal grains are randomly oriented, the aluminum layer of the surface

acoustic wave device of this invention is believed to have very small interface energy. The

¥
(J reason why the oscillation frequency of the surface acoustic wave device of this invention is

difficult to change even when ti is used for a long period is believed to lie here.

In this instance, as the transmission electron microscope, a Philips “CM-200FEG”
(acceleration voltage 200kV) was used. Also, the observed sample was prepared by the FIB
method.

Furthermore, the following measurement were performed for this sample in order to
confirm the results.

[2.2] Analyzing the surface acoustic wave device by means of transmission electron
beam diffraction. ]

The sample observed under an electron microscope in the above {2.1] was analyzed by

means of limited filed electron beam diffraction. Electron beam diffraction was performed
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In this instance, transmission electron beam diffraction was performed using a similar
apparatus as that of the above {2.1] with a limited field aperture of 10 pm in diameter.
3. Measuring the frequency change of the surface acoustic wave device over time,

First of all, as this embodiment, the change in the oscillation frequency over time was

O measured for a surface acoustic wave device manufactured by the method described in”l.

Manufacturing a surface acoustic wave device”.

Furthermore, as a comparison, the change in the oscillation frequency over time was
also measured in the same way as the above for a surface acoustic wave device having
electrodes made of randomly-oriented polycrystal of aluminum-Cu(0.2 wt%)alloy(called
Comparison 1” below) and a surface acoustic wave device having an electrode made of
randomly-oriented single aluminum polycrystal (called “Comparison 2” below).

The results are shown in Fig. 7.

As shown in Fig. 7, the surface acoustic wave devices of this embodiment both had their

oscillation frequency change suppressed at 1 ppm or less even after 1500 hours of operation.
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By this means, it has been confirmed that the surface acoustic wave devices of this
embodiment have an oscillation frequency which is difficult to change even after a long period
of operation, namely the surface acoustic wave devices of this embodiment have little change
over time and are stably usable for an extended period.

Here, all these measurements were done with the oscillation frequency of the surface
acoustic wave devices unified to 300 MHz and the power supplied to the surface acoustic wave
devices unified to 10 mW.

. Also, all these measurements were performed using the oscillating circuit 10 shown in
. Fig. 8.

As shown in Fig. 8, the oscillating circuit 10 has a power supply terminal 11, a resister
12, a resister 13, a surface acoustic wave device 14 whose oscillation frequency is measured, an
output terminal 15, a transistor 16, a condenser 17, a coil 18, and a condenser 19. Here, the
power supply terminal 11 is connected to a DC power supply, not shown, and the output
terminal 15 is connected to a frequency measurement instrument, also not shown.

The surface acoustic wave device 14 is made to oscillate by the electric current supplied
by the DC power supply and outputs a high frequency wave (300 MHz). This output high-
frequency wave is amplified by the transistor 16. The high frequency wave amplified by the
transistor 16. The high-frequency wave amplified by the transistor 16 is input to the frequency
measurement instrument connected to the output terminal 15. By this means, the oscillation
frequency of the surface acoustic wave device 14 is measured.

As stated above, a surface acoustic wave device with small changeover time and

N/

oscillation frequency hared to vary even after a long period of use can be obtained by this
invention.

Therefore, a high-frequency wave circuit using this kind of surface acoustic wave
device is highly reliable.

Therefore, by using this kind of surface acoustic wave device in equipment using high-
frequency waves such as portable phones and wireless communication equipment, the

reliability, stability, and accuracy of this equipment can be enhanced.
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2. The surface acoustic wave device according to claim 1, said polycrystalline

(_ ) has {1 1 1} plane, {-1 1 -1} plane, {1 -1 l}lplanc, {-11 1} plane, {1 -1 —1} plane,

C

{0 0 2} plane, and {0 0 -2} plane.

3. The surface acoustic wave device according to claim 1 or 2, where the

piezoelectric material is quartz which has {0 1 0} plane.

4. The surface acoustic wave device according to claim 1 to 3, where the
substrate is an ST-cut substrate of rotational Y plate obtained by rotating a quartz Y
plate by 10~60° around an X axis.

5. The surface acoustic wave device according to claim 1 to 4, where the {1 1
) 1} plate of the aluminum layer is oriented to be inclined by 1 - 30° relative to the {O

gord

1 0} plane of the piezoelectric material.

6. The surface acoustic wave device according to claim 1 to 5, where the {1 1 —

1} plane and the {1 —1 1} planes of the said aluminum are the twin boundaries.

7. The surface acoustic wave device according to claim 1 to 6, where the crystal
grain of the {1 —1 1} plane and the {0 0 2} plane of the aluminum and crystal grain
of the {1 —1 —1} plane and the {0 0 -2} plane are in the twin crystal relationship.
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13. A surface acoustic wave device that has a substrate made of piezoelectric
material and an electrode installed on the substrate and oscillates at an oscillation
frequency by conduction to the electrode, characterized in that the electrode
comprises a poly crystalline layer which is made of an alloy of aluminum and
other metals and said alloy has crystal boundaries, and the crystal boundaries in

the alloy are twin boundaries,

14. The surface acoustic wave device according to claim 13, characterized by

the fact that the electrode is composed of an alloy of aluminum and copper.

15.  The surface acoustic wave device according to claim 14, characterized by

the fact that the copper is mixed within the range of 0.1 wt% ~ 10 wt%.

16. The surface acoustic wave device according to claim 15, characterized by

the fact that the copper is mixed preferably within the range of 0.5 wt% ~ 1 wt%.



