| *159159* Speci ficati on *GOOO2* Surface acoustic wave device Feld of

Technology . This invention relates, for exanple, toa surface acoustic wave

devi ce used for osc f||ters resonators, etc. Background

Technol ogy I n el \mm\m‘“m\m‘w i prent usi nly hi gh- frequency waves such as
portable tel eph eI ess communi cators, surface acoustic wave
devices are widely uv@@for filters, resonators, oscillators, etc. inside
such el ectronic equipnent. This is a inter digital transducer-type

el ectrode instal | ed on a piezoelectric substrate such as quartz. ..

- Convent i o y-oriented polycrystalline alum num has beensed as
this el ect mm"“m“m , In a surface StIC wave device where such an
el ectrode scIIat i on & ﬁ@?lﬂi‘rles along with its use, making
‘it unable to oﬂ??f n a constant frequency stably over a long period. In
order to overcone such a shor Sodatenagousticswdwesdestides t he use of al um num

all oy as the el ectrode, although the orientation is random (Pat Pub Sho
61- 4701Geld Bholo§&Y €N in such an el ectrode, when a surface acoustic wave
device is use or along period, the oscillation frequency changes over

time, maki it difficult_to us f.ace acoustic tably
over a | pide veiign ol fof Exifie 6% Sontits Ao AR delY Gscf i PRITBRLY f ace
acoust i dlEEY EESORAIPBeGhose oscillation frequency is hard to change over
tinme. Disclosure of the Invention The neans taken by this invention to

sol ve t BackixonadiFerbnelogyare as follows: (1) A surface acoustic wave device
that has a substrate made of piezoelectric material and an el ectrode

i nst al | ed [p6leténic Bipsipmeatu igh-tielbérics Svdis aohcisGorable tteleptimes andl
gjct r 048rel @8 domAlAIATrE suASE dBudtiavdvaidevidagbrelWiklelaised Bdraficr dQoRNBRY | S€S
ycry%gah}d 5‘?‘” i%iﬁdggm é&ﬁfomé’\é@?ﬁn&{ ystal boundaries are twn
e

boundaries. surface acoustic wave device described in (1), wher e

t he piezo tr
_p e[lhlescis a mterng'gﬁal transélucer-type electrode installed on a piezoelectric substrate such as

quartz.
.. Conventionally, randomly-oriented polycrystalline aluminum has beensed as this electrode.

However, in a surface acoustic wave device where such an electrode is used, oscillation
frequency varies along with its use, making it unable to obtam a constant frequency stably over
a long period.

In order to overcome such a shortcoming, disclosed is the use of aluminum alloy as the
electrode, although the orientation is random (Pat Pub Sho 61-47010).

However, even in such an electrode, when a surface acoustic wave device is used for a long
A period, the oscillation frequency changes over time, making it difficult to use a surface acoustic
% < wave device stably over a long period.

The objective of this invention is to provide a surface acoustic wave device whose
oscillation frequency is hard to change over time.

Disclosure of the Invention

The means taken by this invention to solve the above problems are as follows:
(1) A surface acoustic wave device that has a substrate made of piezoelectric material and an
electrode installed on the substrate and oscillates by conduction to the said electrode, and

characterized by the fact that the said electrode comprises polycrystalline alummum layer
whose crystal boundaries are twin boundaries.



quartz. (3) The surface acoustic wave device described in the (1) or (2),
where the substrate is an ST-cut substrate of a rotational Y plate
obtained by rotating a quartz Y plate by 10-60 around the X axis. (4) The
surface acoustic wave device described ¢4n one of (1)-(3), where the 11111
pl ane of the alumnumis oriented to be inclined by 1-30 relative to the
{010} plane of the said piezoelectric material. (5) The surface acoustic
wave device described in one of (1)-(4), where (-1 1 -1) plane and (1 -1
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(111) pl ane B¥HZ(0 0 2) plane of the said alumnumand the crystal grain of
(1 -1-1) plane and (0 0 -2) plane are in a twin crystal relationship. (7)
"The sur f@}e Besusghccaonustic wand dayiataleseribisddn the (dher @), whese {heysubgate istaer e

t hi cknessT-gfit subdifatd Bierotdtidn8l %ia&’@oﬁtﬂiné@by Thatimp Guace Yiplatety 10-68% erodadi ce
descri betﬂc#hx?é?e of (1)-(7), ere the oscillation frequency is 10-5000
MHz. (9) The surface acoustic wave device described in one of (1)--(8),

where freguency ange after 1000 houns .of USE. 1S [ N 10)
The surf@gee@’éﬁﬂ???%%%ﬂ?}é" ‘g)%‘(/ﬁ ‘icleé'lcg %&cﬂhgg%" (l,"!rﬂe (gfn(g? ﬁ S A 5? %’lﬁﬁne}‘fgfs a
r ef | ect dhe alyminum is @riggtetdpdeiinging EV&F? gelative;tp the, 10 plang o y&ﬁé‘lqcb'wave
devi ce ouezoelebleis material0) | where the reflector is made of the same kind of
material as the electrode. Brief Explanation of Drawings Figure 1 is a
pl ane vi@gy siewurfgcevoastivosaveduviceldesdribed in bncef @Pad) wieregt d -ipphoeand

this inyent)plnesdrdbé Aumimdn Areth®HwinS Sdun@ivids. br 1.ght - fi el d photo made by a
transm ssion” el ectron m.croscope (TEM. Figure 3 is a figure showi ng the
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3?? ][n r gICI(H)ﬁl 8{11581%080% 2)3p1aFr{ego I’tl(lac s5aj& z?.luglirun? gr?mhzsclry%?al eglra?g to% an-ltz?ﬂr)?ane and
(0 0 -2) plane are in a twin crystal relationship. : :

(7) The surface acoustic wave device described in one of the. (1)~(6), where thickness of
* the layer is 0.05~20 pm. S

(8) The surface acoustic wave device described in one of (1)~(7), where the oscillation
frequency is 10~5000 MHz.

£ (9) The surface acoustic wave device described in one of (1)~(8), where frequency change
after 1000 hours of use is 50 ppm. or smaller. '

(10) The surface acoustic wave device described in one of (1)~(9), which has a reflector that
strengthens the vibration. :

@ (11) The surface acoustic wave device described in (10), where the reflector is made of the
same kind of material as the electrode.

Brief Explanation of Drawings

Figure 1 is a plane view showing an embodiment of the surface acoustic wave device of this
invention.

Figure 2 is a cross-sectional bright-field photo made by a transmission electron microscope

(TEM).

Figure 3 is a figure showing the diffraction parts of the transmission electron beam diffraction
photos shown in Fig. 4, Fig. 5, and Fig. 6.

Figure 4 is a transmission electron beam diffraction photo.



Figure 6 is a transm ssion electron beamdiffraction photo. Figure 7 is a
graph showi ng the frequency change of the surface acoustic wave device over
time in_an enbodinent of this invention. Figure 8 is a circuit diagram

whi ch neasures frequency change over tite in the surface acoustic wave
device of an enbodi nent of this invention. Explanation of Codes 1: Surface
acoustic wave device 2: Substrate 3: Electrode 31: Strip 4: Electrode pad
5: Reflector 51: Strip 10: Oscillating circuit 11: Power supply term nal
12: Resistor 13: Resistor 14: Surface acoustic wave device 15: Qutput
~termnal__16: _Transi st.or, lg?: Copden 18: .Coil PBX: Condenser. Preferred
Enbodi mefgueay s B IERTRISHEN £ 8‘“?'?16%‘“? ﬁﬁf{%ﬂ‘?@ %sent invention is expl ai ned
hereafter, with reference to the preferred enbodi nent of the attached

dr awi ngsFigeduis e transngission Elgeleonybeam ditredtion photeenbodi ment of the surface
acoust i CFigaved isla\graph shbéwingithe frequenoy clumge Af tiehsarface acoubtic wive ddvicesavef ace
acousti ¢ waNeindmvdntditaént af Hiviiventieh. 2, an el ectrode 3, an electrode pad
4, and a reflector 5. The surface acoustic wave device 1 is sealed in a
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Explanation of Codes = :
1 Surface acoustic wave device
2: Substrate
Q 3: Electrode
31: Strip
4 Electrode pad
5: Reflector
51: Strip
10: Oscillating circuit
11: Power supply terminal
12: Resistor
13: Resistor
14: Surface acoustic wave device
15: Output terminal
-16: .. - Transistor .
17: - Condenser
18: Coil

. PBX:  Condenser .
Preferred Embodiment for Executing the Invention

The present invention is explained hereafter, with reference to the preferred embodiment of
the attached drawings.

Figure 1 is a plane view showing an embodiment of the surface acoustic wave device of this
invention.

As shown in Fig. 1, the surface acoustic wave device has a substrate 2, an electrode 3, an
electrode pad 4, and a reflector 5. :

The surface acoustic wave device 1 is sealed in a package, not shown. Also, the package
is filled with an inert gas, such as nitrogen. By this means, the surface acoustic wave device 1
is made to be stronger against such influences as external temperature, humidity, shock,
oxygen, etc. As the package, use can be made, for example, of a ceramic package, a
cylindrical package, and the like.



oxygen, etc.,As the package, use can be nmade, for exanple, of a ceramc
package, a «cylindrical package, and the like. 4 The planar form of the
substrate 2 has an al nost rectangul ar shape. Also the substrate 2 is nade
of piezoelectric material. Hence, if thé voltage is charged to the
Substrate 2, the substrate 2 vibrates. And, through the vibration of the
substrate 2, the surface acoustic wave device 1 oscillates. As the

pi ezoel ectric material for the substrate 2, the use of quartz is preferred.
The vibration frequency of the quartz is difficult to change even if the

. anbi ent tenperature changes. Therefore by using quartz as the
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if the sbbirstel vilrawrsr aAnd,ehohghntdesiibrafion bfths sbisdtraat 2 tRe sinfageacdustic slavbough
t he Ki ndgfcetnescalbesst rate is not particularly imted, an ST-cut substrate
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The t hi cinitsierst tefhpthagirechangesat e 2 shoul d preferably be about 0.05-10 nm and
nore preferably 0.1-1 mmfromthe viewpoint of oscillation performnce. On
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shape, 486t h el ect rodes are non-contacting and positioned so that the

i nter dulgtlnakmdroénew@@rls ugsd, o purfage acoustie waye deviee 1dapbxesdientgscillation - i nt er
--di gi tal gropertely especially inerms bbthe ééepiratodewhitheambebbtamedf strips 31 -
corrp05| ng the inter digital transducer of this electrode 3 are 1/4th the
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wavel en Al'so, the distance P' between the strip 31 of one electrode 3

. and anot heg, ot dBurble £inddfed Bhir 0P LRORGALAeoBh LS m dhuhul hyert e
glthl 1.Siectrode 3 charges a voltage to the substrate 2. Namely, by conducting the electrode 3,
& a voltage is charged to the substrate 2, and by this the substrate 2 vibrates and the surface
acoustic wave device 1 oscillates.

This electrode 3 has a inter digital transducer shape, and both electrodes are non-contacting
and positioned so that the inter digital transducer of one of the electrodes combines with the
inter digital transducer of the other electrode. : :

The width A of strips 31 composing the inter digital transducer of this electrode 3 are 1/4th
the wavelength A at which the substrate 2 vibrates, respectively. Also, the distance P between
the strips 31 of the same electrode 3 is 3/4ths the wavelengthA. Also, the distance P’
between the strip 31 of one electrode 3 and another strip 31 of the other neighboring electrode
3 is 1/4™ the wavelength A.

Although the number of strips 31 per pair of electrodes 3 is not particularly limited, about
10~500 pairs are preferable, and about 50~300 pairs are more preferable. If the number of
strips 31 is in this range, the surface acoustic wave device 1 vibrates more efficiently.

The {11 1} plane of aluminum composing this electrode 3 should preferably be oriented
obliquely to the {0 1 0} plane of the piezoelectric material composing the substrate 2 by 1~30,
and more preferably 5~15°. A surface acoustic wave device 1 having an inclined orientation



Al t hough the.nunber of strips 31 per pair of electrodes 3 is not
particularly limted, about 10-500 pairs are preferable, and about 50-300
pairs are nore preferable. If the nunber of strips 31 is in this range,
the surface acoustic wave device 1 vibrates nore efficiently. The 11111

pl ane of al um num conposing this electrode 3 should preferably be oriented
obliquely to the {010} plane of the piezoelectric material conposing the
substrate 2 by 1-30, and nDre preferably 5-15. A surface acoustic wave

device 1 having an in I ent t|on
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Heére, in this invention, the fact that“a crystal grain boundary is twin boundarie$’ does not

mean that all the crystal grain boundaries inside the aluminum layer are twin boundaries, but
means that the existence of twin boundaries can be confirmed when electron beam diffraction is
e performed on the aluminum layer composing the electrode 3.

. From the viewpoint of the stability of the grain boundaries, the aluminum layer composing
the electrode 3 should preferably have a (-1 1 -1) plane and a (1 -1 1) plane of aluminum as the
twin boundaries.

Also, from the same viewpoint, in the aluminum layer composing the electrode 3, it is
preferable that the crystal grain of the (-1 1 1) plane and the (0 0 2) plane and the crystal grain
of the (1 -1 -1) plane and the (0 0 -1) plane of aluminum be in a twin relationship.

By making the aluminum layer of the electrode 3 have the said crystal structure, a surface
acoustic wave device can be obtained whose vibration property (especially the oscillation
frequency) is difficult to change over time.



Q nmeans that .the existence of twin boundaries can be confirmed when

el ectron beamdiffraction is perfornmed on the alum num | ayer conposing the
el ectrode 3. .- Fromthe viewpoint of the stability of the grain boundaries,
the al um num | ayer conposing the electsode 3 should preferably have a (-1
1 -1) plane and a (1-1 1) plane of alumnumas the tw n boundaries. Al so,
fromthe sane viewpoint, in the alum num | ayer conposing the el ectrode 3,

it is preferable that the crystal grain of the (-111) plane and the (0 O

2) plane and the crystal grain of the (1 -1 -1) plane and the (0 0 -1)
_pl ane of afAlthoughthethickancss Qf\khhelﬁélr@ﬁ?’dﬁ@m mamg}arbhkmﬁgd,taheuw% iSayer
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with an dseteadegnd 4ocannpsted isgnwie (1 She FF‘BE CB'BF%I%‘HDP tonboeﬁee
section @fth@hbcmcb@tmmh@ls“ﬁéﬁt alled is an electrode pad (terminal) 4. To
this electrode pad 4, connected is a wire (not shown), and electric
current i sOabp sided of iherelatiode Bon the sibsaatel20 a latticteshdpé hefleewin Stibinstalledén On
both si dgg gfeéxtibhwﬂ f6in"tRél eledtrode 3.NeTIs Fletmt § hds thd fhidtionCsanlpMbEng @d ect or
Sisin 1‘39 ?tE mubgtpﬂegway fromthe electrode 3. This re Iector 5

has the y| e 2.
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of this qseitlation frequengy. Becomyg difficultdo ¥adevi ce 17 shoul d preferably be- '

- “The oscillation frequeney of this kind of surface acoustic wave device 1-should preferably be
, about 10~5000 MHz, and more preferably 100~2500 MHz. When the oscillation frequency
of the surface acoustic wave device 1 is within this range, the surface acoustic wave device 1
shows more excellent oscillation properties.

é Also, the change in the oscillation frequency of the surface acoustic wave device 1 after
1000 hours of use should preferably be S0 ppm or less, more preferably be 20 ppm or less, and
even more preferably be 10 ppm or less.  This kind of surface acoustic wave device 1 can be
used stably for an extended period.

Above, this invention was explained in d¢ail based on the preferable embodiment shown in
the attached drawings. However, this invention is not limited to 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 (LiNbQ), lithium tantalate (LiTaQ,), etc. can be used as the
piezoelectric material for the substrate 2, for example.

For example, although, in the said embodiment, an aluminumdyer was used for the
electrode 3, other components can be contained in the aluminum to the extent that it does not



about 10-5000 WMHz, and nore preferably 100-2500 MHz. Wien the oscillation
frequency of the surface acoustic wave device 1 is within this range, the
surface . acoustic wave device 1 shows nore excellent oscillation

properties. Also, the change in the oscillation frequency of the surface
acoustic wave device 1 after 1000 hours of use should preferably be 50 ppm
or Iess, nore preferably be 20 ppmor less, and even nore preferably be 10
ppmor | ess. This kind of surface acoustic wave device 1 can be used

based orfrich o ERanRl, A e TG bl th LR SRR ol 2!
However , ‘t"WFEm‘i’rﬁ HirRn-ystem allpy maf/é?a“P dg;"arrpl e, although, in
the enmbodi ment, an expl anati on was nmade usi ng quartz as an exanple of the
pi ezoel ectAs the mhmuuml-systsm:hllow fariexamplssan dlay of alurhingm andegoppentan benged.
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Fur t her rid¢re, the plyminimsysiemalions efaining the abpverfist m{xmg ’é‘la@ §° esﬁ@ t he
al uni nurprepestychatahe enystal graindsoungaies a3 tvin| boyndgaries) ukheisre shifferedfim thean be
used. GbHewinghdlnycwheserarieatation iswasdemt i t ani um (Ti), silicon (Si), and
tantalum (Ta) are m xed with alum num can be al so used. As for these

al um num al | oys mxing within 10 w%is preferable, and nore preferable

mX| "y% ﬁwt% Especially, for copper (Cu), mxing should
baferab ewthin 1 w% and nore preferably within the range of 0.1 wt%

-10 Wt % ernor e m xi ng shoul d preferably be

Wi t hin t]he 1\? %cug?ngoag:%afgmé({ysﬁck@r¥gﬁ% fQ"'le al um num system al | oys

cont ai ni ng the above-listed nmixing materials have tlhe sai d roperty that
the cryst b SYfaseACHBlAIRVe devies wat manuisstiredby e followisg '%"rtﬁocgi fferent from
the follow ng alloys whose orientation is random [ Embodi nents] 1;
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mm'was prepared as a pieZoel ec ate. This quartz substrate
vas a rot Eﬁ ﬂn%ex¥ this quartz substrate was washed with acid to clean the surface of the quartz
substrate: S e :

[1.3] Next, on the surface of this quartz substrate, an aluminum layer of a thickness of
about 0.25 um was formed by the vacuum vapor coating method. The vapor coating speed
was 0.002 pm/s, the vapor coating temperature was 130°C and the pressure prior to vapor
coating was 0.5 pTorr. ¥

[1.4] Next, aresist by photolithograph was made, and etching was performed with this
resist as a mask to the quartz substrate where the said aluminum film was formed to remove 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 perofrmed 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.



pl ate ST-cut substrate obtained by rotating a quartz Y plate around the X
axis by 33. [1. 2] Next, this quartz substrate was washed with acid to

cl ean the surface of the quartz substrate; [1. 3] Next, on the surface of
this quartz substrate, an alum numlaye® of a thickness of about 0.25 m
was fornmed by the vacuum vapor coating nethod. The vapor coating speed was
0.002 m's, the vapor coating tenperature was 130C, and the pressure prior
to vapor coating was 0.5 ttTorr. [1.4] Next, a resi st by photolithograph

was nmade, ,and et.chi S forne resist .as a skt
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bondi ng was rofrmed on the electrode pads to connect the wres, and
furt her qsmggmggam@c@msmwnvadweam c package to obtain a surface
acoustic wave device. Here, packagi ng was done while nitrogen gas was

bei ng fill[2d1] rOzeivatiow oLk e@segkctidn dhesufade Acdustit wave deviee by anlelesfrén ps of
the obt ghpricspd face acoustic wave device is 2.5 gm the interval P of the
strips on the sane electrode is 10 m and the interval of the strip of one

el ectrode d the.str hbor.i er electro m_ Al so,
The w dt b ﬁ s °§5’ ritach Mol W@gé%? o Begos %at?glaﬁagﬁameéa%ggsf the
st ps st 1.4)- serypd by  frapsmistion plecup isrsroPE LTEMY. nai (s,

and t he Theabtaingge %qtlionaglcmmmhowsaho‘m in Big. 3; oLhe magpifigationef theci || ation
-frequendl}i‘)@gfaphéwéb?ép Hmesy f ace acoustic wave device is 300MHz. 2.

Anal yzing a surface acoustic wave device [2. 1] Observation of a cross
#-sect i-on Ofln ¥ig @y thedewardayestis quartzy endithe npperliyyeaiis dhmiaunen -m croscope. 0 A

cross section of a surface acoustic wave devi ce before packagi ng obtai ned
win the. sar)% ‘shoH iftheleRtroa nfciobeope o{ojm‘ﬁi% aRSRhUAGesIN 17 AGANSH 185doN

el ectro ?&ﬁﬂl%eco St directiOf iﬂilg&nm&i;%ﬁﬁﬁ t {8 QifnihimS oW
in Fig. l a tWiH Bbhidafies ONARD, fr thlg ﬂ(gt%gft S ouftRat't hl%rﬂ% crystal

o gram a and the crystal grain b are in a twin 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 reason why the
oscillation frequency of the surface acoustic wave device of this invention is difficult to change
even when it 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 200 kV) was used.  Also, the observed sample was prepared by the FIB
method.

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

[2.2] Analyzing the surface acoustic wave device by means of transmissiorelectron beam
diffraction

The sample observed under an electron microscope in the above [2. 1] was analyzed by
means of limited field electron beam diffraction. Electron beam diffraction was performed
individually for the three parts (quartz part, boundary part of quartz and aluminum film, and



In Fig. 2, the lower layer is quartz, and the upper layer is %al um num
As-shown in the el ectron m croscope photo in Fig.2, grain boundaries in
.the alum num1ayer are oriented in a constant direction. By this means,

it has been confirned that the alum nunP |ayer has a tw n boundaries. Also,
fromthis photo, it turns out that the neighboring crystal grain a and the
crystal grain b are in atwin relationship. Furthernore, as shown in Fig.

2, the interfaces of grain boundaries in the aluninun1layer are very
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bel i eved

transni sleyelier diffractionimage ofFiystabgrainsrinchading thepghese snystal gsains b indhg. 4.
el ectron mcroscope in the above [2. 1] was analyzed by neans of limted
field el ecAs shovasiarRigli4; ithas beanconBinaed rhanthesruidetict bF drtdlesrondramds frofmnme

i ndi vi dl,ua}dcﬁoﬁgfth'bl[lq oﬁraystmaidngaﬂguartz part, boundary part of quartz and
abym num film and 9 aluminumfilmpart) surrounded by the franes i n

0
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% |s an el ectron beam di ffraction photo
of the qu sm oAy ip ga jtrhas by crysiaggrain (crysialigraipgrin §ig-

ael ectro lae’amf dhe ¢1 Ad) planc pn@thf )rréansmf atrmigumand agrystilegrainerystal grain

al umi nurh ini Figa X &id Figad)afdhe (Ghdt-d0plane andhidie 9 § -2)oplase of dlnmimm argiion teirect r on
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Her e, i bokh@aries. and Fig: .6, each diffraction inmage of the alum num| ayer
is adiffraction inmage of two or nore crystal grains
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 Measurmg thc frequency change of the surface acoustic wave dev1ce over time

.. First of all, as.this embodiment, the change in the oscillation frequency over time was
measured for a surface acoustic wave device manufactured by the method described inf“1..
Q 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(0.2wt%)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).

Here, in each of these embodiments, Comparison 1, and Comparison 2, measurement was
performed for two surface acoustic wave devices.

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.



across a twin boundary. Nanely, in Fig. 5 and Fig. 6, each diffraction

i mge of the alumnum layer is a diffraction image of crystal grains
including the three crystal grains alb/a in Fig. 4. As shown in Fig. 4, it
has been confirmed that the incidence dP the electron beamis fromthe
direction of the [-10 2] crystal zone axis. As shown in Fig. 5, it has been
confirnmed thatthe {1111 plane of alumnumis oriented to be inclined by S
to the {010} of quartz As shown in Fig. 6, it has been confirned that a

crystal grai I e 11 ane
and the 6 nzéogﬁ% Oag sﬁ+x9nﬁxf‘1 %n cil %tx&?fireguc]nc eﬁﬁ%@ g & c stic %%‘
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-1 1) pladaeofeasedibyi 6 ppm asmt)rﬂeaftew\nl oflapéreion.| n t hi s instance,

transm ssion el ectron beamdiffraction was performed using a simlar
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oscillatro or sur ce acous

devi ce ﬂﬁﬁ?@&?ﬁ#éﬁ %}”fﬂ%ab ﬁﬁﬁmﬁgg%eﬁeﬂfelad'l d'|.. Mnufacturing a surface
acoustic wave device'. Furthernore, as_a conpari son t he change in the
“oscillati &lpmraélcfbemyeaéw@memswrmgnwgb thessillatien fiequency of thessurlage as' t he
above f acoustis wavadevigesounifi¢dto3R0MHeand thelpmwiensupplied to thd ssrfacemdeustic wave
randon \deoiceemiifiedd pol/mW.st al of al um num Cu(0. 2w %9 al | oy(cal | edConpari son
1" below) and a surface acoustic wave device having an el ectrode nade of
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ow) Here I n each of these enbodi nents, Corrparlson 1, and Corrparlson 2,
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esuit = ot A %ﬂ%ﬁv&mmvri R0 okt Bictfsion «mewzfﬁm A

dsig es§BIP“5E°"P"’;9b ﬁwegorééeﬁcwgwigoecw g cop ?’HF‘i]t?n gedhethe
ot her haawer sppbhisupinahl Hsgonrrecteddeia DG ppwst suppliu aatshown, ped theutmuice
#acoust i dermanad 15deginnested to Thraguancy oreasurpmentdasirumeng,chlinynat Showsm or- nor e
after 1200 hours of operation. Also, the oscillation frequency of both of

the surf aqhe sGfatkidcoustie weave Aevice 34 i mbadipasstiiate by thb albctiRcdue@aeshppliedby ppm
or . mor e yaf HEpohdP skpply EndPéutPRS b Aighfrequidnicy Wade (FOBMHZ).. THIS olPaIMigANT i I Med
that t h?reawrfpo GRavRGOARblifed &)V fhe daKkiser 18f" THY Mgh-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 oscillation
g’i'} frequency hard 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.



enbodi nent have an oscillation frequency which is difficult to change even.
after a long period of operation, nanely the surface acoustic wave devices
of this enbodi-nent have little change over time and. are stably usable for
an ext ended period. . . Here, all thesdlmeasurements were done with the
oscidilation 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 C A so, all these neasurenments were perfonmed using he oscillating
circuit S1cg ﬁk}lhﬂ Fig. 8 As shown in Fig. 8, the oscillating circuit 10
- has a powe upply termnal 11, a resister 12, a resister 13, a surface
acoustic vvave deV| ce 14 whos QSCI | | ation; frequenc i s measured n

out put tler HmeHracs acoystie W&ﬁ%&% ici thaighas 3 subsiEcIade afpicgoelestnc materiahndan
condens electrode iastadled on e subgivate ardiwhioh aseiflaten by conduction gmthesaidelectrode,DC
power s whptayterined thatwhesaid zledtrotdecanpnnes a-polyerysiatlide dlbmimine ayeewhess crystal
frequenq,buﬁmgyrglﬂgmﬁbw}ﬂaﬁwrent al so not shown. The surface acoustic wave
device 14 is made to oscillate by the electric current supplied by the DC
power . p 21 L put
hi gh- frszcﬁaj %?MCCO%BP%@W%C}H& 3 [ Q% ansi stor’q'fg}éz‘)?ﬁgigz h&if.{r equency
wave a B he | transistor 16 is input to the frequency measur enent
i nstrunment connected.to, the. ' output termnal 15. y. thi s nmeans,, the

osci | | af orfhesadaceAcpusiic wave deyice aceording e elaim Mvé»d\éhﬁr%@lefa stjale is@Bs ur ed.
As st at &T-auscvistrate afiarrbtational 00 plotd ebtainedbyimbating aquanizhplate byhh§8oarennd i me
and oscithd Xtaxisn frequency hard to vary even after a |l ong period of use can
be obtained by this invention. Therefore, a high-frequency wave circuit

using thi s pheRfrAde RBAIRGPIVRRVZE 26cof@ing tSIQMiInt € 1o 3, whérdMe/(T £1] pRhEof th
wheeto b5 eSO oy egpogi%ﬁon;%vaa@aegi 58 B o

usi ng hi waves suc

comuni r&\ eqU| prrent the reliabi I ity, stability, and accuracy of this
equi prent can be enhanced. 11 Scope of Cains 1. An surface acoustic wave
~devi ce ShaiThaaurfacespusticarave deyice greqsiing se Flaie dite 4pahers the (nk-13 planc and -

el ect r othe Glnétlaplaeés ofrthe yaid aluminpestase thedwithbeundages. | | at es by conduction to
the sai-d el ectrode, ‘characteri-zed that the said el ectrode conprises a

pol ycryst alThe lsmfaadewcbmmm\#ayelevmh aserding 36 elaim oo Ggwhereshacystalygmin of the
boundar igst 1Ppladdndibié (G 2) planeisf ihe ahividuiteindike agsar gnlangoﬂtﬁea aun iblaﬁé 2,
where tlaﬁd Hieelé@ﬁb?ﬁfaﬁé Gre in the twin crystal relationship. o

s.. . 7. The surface:acoustic wave device according to claim 1 to 6, where the thickness of the.
aluminum layer is 0.05~20pum.

8. - The surface acoustic wave device according to claim 1 to 7, ..where the oscillation. .
frcqucncy is 10~5000 MHz.

% 9. The surface acoustic wave device according to claim 1 to 8, where the frequcncy change
after 1000 hours of use is 50 ppm or smaller.

10. The surface acoustic wave device according to claim 1 to 9, which has a reflector that
strengthens the vibration.

11. The surface acoustic wave device according to claim 10, where the reflector is made of the
same kind of material as the electrode.

12. A surface acoustic wave device that has a substrate made of piezoelectric material and an
electrode installed on the substrate and oscillates by conduction to the electrode, characterized
by the fact that the electrode comprises an alloy of aluminum and other metals and the crystal -
boundaries in the alloy are twin  boundaries.



material is quartz. . 3. The surface acoustic wave device according to
claiml1l to 3,, where the substrate is an ST-cut substrate of a rotational
Y plate.obtained by rotating a quartz Y plate.by 10-60 around the X axis.
4. The surface acoustic wave device acddrding to claim1 to 3, where the
{11.41} plane of the alumnumis oriented to be inclined by 1-30 relative
to the 10 101 plane of the piezoelectric material. 5. . The
surface-acoustic wave device according to clainl 1 to 4,, -where the (-1 1

-1) pla nes of Ih nlar L n
boundar B ag% ubtde 4chy ‘i%j};iﬁ% Eegbd o 00 2. SEAITARE Bo e Taribel s s,
~ where thg® §fsa‘f°“w°§? e¥° (’“ﬂ‘? mn, ﬁépﬁeﬁd the (00 Z)H&]ane of the
al um nurddanthe;syetags 3coustic Wave devise acerrding to claimyl3p¢hanacterizgd by ithe faot that thy
pl ane ar@ppﬁlsquwrﬂnoﬁb%maagc ok0. étwt%nsﬂ()pvt% 7. The surface acoustic-wave
device according to claim1 to 6, where the thickness of the alum num

- layer i s19).Tf-surRes ao%ustwa@tuefmeecaﬁau@m clajave, devd&elzea %9&9& ﬁgt that tﬁl? ai m
1 1o 7: copBbiSs RikeWproREbly) RithAhe rag @9?9?‘\%%51 Pp000 Miz. 9. The suflace

acoustic e acc Ing to clFaim ere the frequency change
after 1000 hours of use is 50 ppmor smaller. 10. The surface acoustic wave
devi ce according to claiml to 9, which has a reflector that strengthens
the vibration. 11. The surface acoustic wave device according to claim 10,
where the reflector i$ nade of the sane kind of  material as the el ectrode.
12. A surface acoustic wave device that has a substrate nmade of
pi ezoelectric material and an electrode installed on the substrate and
oscillates by conduction to the el ectrode, characterized by the fact that
gz; el ectrode conprises an alloy of alum numand other netals and the

stal boundaries in the alloy are twin boundaries. 12 13. The surface

acoustic wave deV|ce according to claim 12, characterized by the fact that
the electrode is conposed of an alloy of al uni num and copper.- 14. The
surface acoustic wave device according to claim 13, characterized by the
fact that the copper is mxed wthin the range of 0.1 W% -r 10 wt % 15. .
The surface acoustic wave device according to claim 14, characterized by
the fact that the copper is mxed preferably within the range of 0.5 wt % -
1 w% :



