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Title of the Invention Pi ezoel ectric Vibration Device
ﬁmCKGRQUND*CF THE | NVENTION - 5 1. Field of the Invention
-The™ present i nvention relates to a piezoelectric vi bration
device utilizing a thickness-shear vibration avai l abl e for
conmmuni cation devices or the like. In giving particulars, the
pr esent I nvention rel ates to a 10 pi ezoel ectric vibration

devi ce whi clri £1628f tHL3hé-dhBion i nfluences by a spurious vibration
or an unnecessary vi bration of the general non-harnonic overtone

mode, and PRI B BLARBRHQD Characteristics. 15
2. Description of the Prior Referring to FIGS. 31 and

32, prior art is described as bel ow. FIG 31l is a
dlagran1of an el ectrode structure and a vi brational energy

di stribution g%ngﬂg%ﬁgfogjﬁﬁ?&ﬁQEng%gN1 3 nnggn har noni ¢ overtone node,

general ly ref seen froma bottom
surface of a conventi gnal _ i ezoel ectric vibration device. FIG 32
is a s®ctionalt-vi efteld of the;IgKgnfiAR S Sin FIG 31 and a diagram of the
vi br ati onal energy distribution of spurious vibration of a
principal 25 Figr aPFefeRbde Ve iantiedatesnefoartl PHe ARl rimde.

vibration device utilizing a thickness-shear wvibration
available for communication devices or the like. In giving
particﬁlars, the present invention relates to a
10 piezoelectric vibration device which <can restrain
influences by a spurious vibration ‘or an unnecessary
vibration of the general non-harmonic overtone mode, and

enhance guarantee attenuation characteristics.

15 2. Description of the Prior Art

Referring to FIGS. 31 and 32, prior é.rt is described as
below.

FIG. 31 is a diagram of an eleétrode structuré and a
vibrational energy distribution of spurious vibration of
20 non~harmonic overtoné mode, generally referred to.as a
(3,1,3) mode,.seen from a bottom éurface of a conventional
piezoelectric vibration device. FIG. 32 is a sectional view
"along line S-S in FIG. 31 and a diagram of the vibrational
energy distribution of spurious vibration of a principal

25 vibration mode (substantial line) and the (_3‘,1,3) mode.



L]
Each 'synbol of (3,1,3) designates an order of overtone in a

ﬁ@-axls éthi ckness) direction, an order of overtone in an X -axis
di rect’i of, and an order of overtone in a Z' -axis direction. As
shown in FIG 31, the (3,1,,3) node is a node of 5 the spurious
vibration having three vibration crests (troughs) arranged in
parallel to the Z -axis direction. As a quarts plate 90, an
AT cut quartsgRlct 8yhBol of (3,1, HMRIYi&fhatdt R BEHE’E" g'é‘%reim{ehf quarts
plate 90 is provided with an input electro %91 an-out put

el ectrode 10y--aﬁ<eﬂs9?o gqq@%'s@@y i %Uca%s 191, ab928 véret%%engn%greal

I nput ctro and t e out put el ectrode 192 to perip

Dot om0 LR a3 AR 30, NG Ul SLAGE BE' B6LBELAR! B%a 21 opuis O

the quarts plate I S provi a conmon electro

an out goi ng e %ﬁﬂ%n;gﬁﬁiﬁ9°Wh-ﬁ?%Q§|a?g QSP"QB 11§§dmodeﬁ§?§§@°96 ;?3 t

t he perlphera portlon o] e quar
electﬁfde is formed by neans of thin film form ng neans using
vacuurh evapor &PfonSREEASHSor ViREatiqR, having thrgeygHhnatiomotcrsmih,
t he i nput and output el ectrodes 191, 192 are respectively
connected to éﬁrpngbts)termmwamanalml to theud praxiediinedtiahe comon
el ectrode 193 is hernetically confined in a state of being
connected to a grodsdimgquarts plats nPAal .an AT cut quarius tpkate is
pi ezoel ectric vibration device having such a structure, the input
and out put el emploges.1914 p@2ntdpakdplaBe of bpposmﬁebpeg&ﬁtetﬁ@rms1za
state wherein the quarts plate 90 2
provided with an input electrode 191, an output electrode
10 192, outgoing electrodes 191a, 192a for leading the input
electrode 191 and the output electrode 192 to peripheral
portion of the quarts plate 90, and the other principal plane
of the quarts plate 90 is provided with a common electrode
193, and'an outgoing electrode 193a for leading the common
15 electréde 193 to the peripheral pcrtibn of the quarts plate
90. The each electrode is formed by means of thin film
forming means using vacuum evaporation method or the like.
‘. Though it is not shown, the input and output electrodes 191;
192 are respectively connected to an input terminal and an
20 output terminal, the common electrode 193 is hei‘metically'
confined in a state of being connected to a grounding
terminal.
In the piezoelectric vibration device having such a
structure, the input and output electrodes 191, 192 formed
25 oppositely each other in a state wherein the quarts plate 90
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i ntervenes therebetween and the common el ectrode 193 are

pesngnated as resonant areas, a symmetrical node (fs) and obl i que
synmetri€al node vibration (f a) are confined by the el ectrodes,
they are acoustically coupled thereby formng a mul ti pl e node
principal vibration with the result that the pi ezoel ectric

vi bration devi ce havi ng pass band characteristics as a
predet er m ned {ﬁié§6eh§sd€ﬁéB@€@tween and tge coMW&ﬂ”@Técﬂfb&%‘ g&eart,
as high-frequency type or hr ee-order overtone type e ec e

I | ugd
gzafrcﬁez agove ﬁgap%%f%glec?rlc vw%#é ?gﬁP ﬁktrlcal mOd?s(83£$aﬁgd SO
t hat, |1 ih t hi gh
o on e 954 e BB e ion gy, BB

(3,1,3) node i s conf| rodes hus exci,ting

them  siml tSHe9 %ey areF?ﬁ?‘ﬁ%‘F giyé"so"&ﬁelleld &i‘?ﬁm forBdeg fhere
are varg ous s urious vibrations such as one referred as to a
(3,3,1) node multiple H‘&iﬂﬁw@mc%cé@aér ddbgatéen Wé&éh@%?%ﬂa'r‘-a?héﬁ the
arranged in . parallel in the X-axi-s direction, or a vibration node
having 20 Piegerleresta (orihrafighs) oievids at itAvingpec®asel y bandhe
axis direction. These spurious vibrations wherein energy is

confi ned underchexricten £tiezs asdepredeferavivied igltee is designed.bration as

a standing wave relatively strongly, have probl ens wherein
spurious vibrati onMarfdaodr t hen [hienprpalr a28, as highafrequebbyg sppei ous
vi brations disorders the pass band 3

three-~order overtone type electrode materials, aluminium is

10 generally employed.
As menticned above, the piezoelectric vibration device
is designed so that, as well as the principal vibration, a
hiéher—order' non-harmonic overtone mode such "as the
spurious vibration of the f3,l,3) mode is confined by the
15 electrodes, . thus exciting them simultaneously.
Furthermore, as well' as such a mode, there are various
spurious vibrations such as one referred as to a (3,3,1)'mode
héving three crests f(or troughs)'of vibration arranged in
parallel in the X-axis direction, or a vibration.mode having
20 three crests (or troughs) Qf vibration respectively in the
axis direction. These spurioué'vibrations wherein energy is
confined under exciting_ electrodes, thus exciting the
vibration as a écénding wave relatively strongly, have
problems wherein spurious vibrations affect the principal

a5 vibration, the spurious vibrations disorders the pass band



L 3 .
. characteristics, and t he guar ant ee attenuation
Icharacteri-stics in portions outside of the pass band are not
obt ai ned”€nough. I n case of enploying alum niumas the el ectrode
material in the same way as prior art, it is easy 5 to oxidize
alumnium thus resulting in bad yield and productivity. In
addition, in case that alumniumoxide is formed by oxidizing
alum nium a chrdacttierd stdeisst ancento a the guacaTched | Ve srtesiaiei o1
greater so that the guarantee attenuation characteristics are

inferior. 10characterilsti@sden goxtSidne outs ipleobEetite paIssObhadt agk nde
pr esent I nvention is to provide a piezoelectric vibration device

for - odtlaidled Nchduh SPULhoka skl ymAtdmpl genenahedmnedy the
principal vibration (what is called "frequency"), making . the pass

band char act elghldtGH PR t8¥s8h | eRtt 1 d MLay aRdpridr art&nbancy rwaé,ge
guarantee attenuation characteristics in the portions outside of

the pags band. Iﬁgﬁ&gﬁE Cﬁé%é—iErlelgj}‘/EMB _ th? é"a& e¥j639‘8c'|[%}|1‘£r der

to achieve thézoob‘j”élc 87 fhe préseft i AVENti

vi bration device util.izin ... thickness-shear vjbration hayving a
resonant ar eaPFOAREF B, £y “In 2dgitiohy 18 géfFogé?Ea i‘gﬁﬁ)ﬁt‘meﬁ”é{:‘??g’o% and
a conmon el ectrode,, the piezoel ectric vibration device conprises a

quarts plate FQFFRS Eyrfé?flrdjoz?“}ﬁ PHEPSRL UBY o fe SONANE LLTSuF eS8t anceFa A [ ode

and the output el ectrode di sposed on aqpri nci pal
4 - conductive adhesive 1is greater so that the guarantee

attenuation characteristics are inferior.

10 In order to solve the problems, an object of the present
invention is to provide a piezoelectric vibration device' for
restraining the spurious vibration mode generated near the
principal vibration (what is called "frequency"), making
the pass band characteristics more excellent and wider, and

15 enhancing the guarantee attenuation characteristics in the

portions outside of the pass band.

DISCLOSURE OF THE INVENTION
In order to achieve the object of the present
20 invention, a piezoelectric vibration device utilizing a
thickness-shear vibration having a resonant area formed by
an input electrode, an output electrode and a common
electrode, the piezoelectric vibration device comprises a
quarts plate havimj a pair of principal planes, the input

25 electrode and the output electrode disposed on a principal



pl ane of the quarts plate, the input el ectrode and the output

#l ectrodé-forned close to each other at a regular interval, and

t he ‘conmon el ectrode di sposed on the other principal pl ane of the
gquarts. plate, corresponding to the input 5 el ectrode and the

out put el ectrode, wherein either a weight reduci ng portion or a
wei ght “addi ng portion is partially - di sposed on at |east one of
each peripher glane fothé kmartpuplate, the iapbeetéDderrdde a0 PHe Sheshtode
and the comon el ectrode. ' In a three-pol e-type piezoelectric

vibration devigiectlébde folield elLogeats Né£dengreshadr avibgal 4 o Neyifg) @
r esonant area forned by an input electrode, an output electrode, a

grounding el gld Odge céifon 81eEOPHRE di8bBEEAOHER: the!l R her principal
pi-ezoel ectric vibration device conprising a quarts plate %aglng a

pai T Of BT Lnchpaln ! 8pe%nd heupput 8t 08y 30dpofing HIE LAY Pllpuy

el ectrode dis on.a princrpa ane df e qgquart s pl

groundicng el ect.rode i nterposed bet ween the el .ectrodes, in which
the input el ec"tlr%%er,m{]%@ngu?gﬁputp‘ft Elecérlré’&er'o&'g%ﬁ&nt RetRPELAdIRINT

el ectrode are forned close to . .each other at regular intervals, and
the conmon el F&FHIRT RPILLIOY QL R ctie bR En8ddiREr PRFEACPPAS RareldtlY he
gquarts plate, corresponding to the input electrode, the output

el ect rode, disposethgnt#e l§astnana P krasty pasiraptal reand odr thel epype

pi ezoel ectric vibration device utilizing a thickness-shear
vi brati on haviedgdtessitantharadPutorieatbpdeving dhesceommepmitectzpde. and

output electrodes and common el ectrodes, t he
5 In a three-pole-type piezoelectric wvibration device
10 utilizing a thickness-shear vibration having a resonant

area formed by an input electrode, an output electrode, a
grounding electrode | and a common electrode, the
piezoelectric vibration device comprising a quarts plate
having a pair of principal planes, the input electrode and
15 the output electrode disposed on a principal plane'of the
quarts plate, the grounding electrode interposed between
the electrodes, in which the input electrode, the oﬁtput.
electrode and the grounding ‘electrode are formed close to
each other at regular intervals, and the common electrode
20 disposed on the other principal plane of the quartslplate,
corresponding to the input electrode, the output electrode_',
and the grounding electfode, -and in a four-pole-type
piezoelectric vibration device utilizing a thickness-shear
vibration having resonant areas formed by two pairs of input

25 ‘and output electrodes and <common electrodes, the



.
pi ezoel ectric vibration device conprising a quarts plate havi ng a
(pai - of principal planes, the two pairs of input and out put

el éctroded respectively including an input el ectrode and an out put
el ectrode, disposed on a principal plane of the 5 gquarts-plate in
parallel, in which the input el ectrode and : t he out put el ectrode
are fornmed close to each other at a regul ar interval, and the
common el ect r ez afilgmiwrid onikitation devicet hemppisihogpal quiaats oflabe
quarts plate, corresponding to the respective pairs of input and

out put el ectrddesing hepaild 6f privbgbal rEkhice 19 ther tivepdird e Mapalkt agddi ng
portion is appl i cabl e. Preferably, either the weight

reduci ng portiqtgit eectrodes redfs @bt valdiitt IR itdPBni Snh 8 ROSES: PHJ&
portion where a vi brational energy of a spurious vibration

iggnerat ed in zkb¥ ap ot de@Rrofk, dNSpoPL8ZRELESEIAL pdl IAHLBE HRYI CE

relatively greater thin that of a principal vibration

In additi on, t&&zmseéﬁﬁlrﬁéf%%: Bg?{sg;guwnd@m% the input CIPLL 63 G 4art s

. u
pl ate having a pair anés,  a ctangul ar i npu

el ectrode and 44 G AN e QUM 220 rorn€hoE1L00°:d! aBREA AL o

princi pal plane of e rnput ectrode ahd The
out put el ectrode forned, clos each .ot her

a rectangul ar r@rﬂﬂ?r?rf lnterva‘i’Lgﬁ%t%%go&%?é&c&ﬁogﬁté gf‘%ﬁ g'ﬁ‘?f ﬂlﬁln lgéval ’
Bnd the 25 othak Pl BERBeL; BhEAS i the EBanad BFES: 1o HER RPSERET Rut
el ectrode, the output el ectrode and the common el ectrode, in
the respective pairs of input and output electrodes, the
10 weight reducing portion or the weight adding portibn is
applicable.
Preferably, either the weight reducing portion or the
weight adding portion is disposed on a portion where a
vibrational energy of a spurious vibration generated in
15 excitation of the piezoelectric vibration device is.
relatively greater thdn that of a principal vibration.
In addition, the piezoelectric vibration deviée
coniprises a quarts plate having a pair of prj.ncipal planes, a
rectangular input electrode and é rectangular output
20 electrode disposed on a principal plane of the quarts plate,
the input electrode and the output electrode formed close to
each other at a regulér interval, a rectangular common
electrode disposed on the other principal plane of the

quarts plate, corresponding to the input electrode and the

25 output electrode, and a resonant area formed by the input



whi ch t he pi ezoel ectric vibration device utilizing a

fhicknesﬁ{shear vi bration includes an outgoing el ectrode for
eadi ng The each electrode to peripheral ends of the 5 gquarts plate,
and either the weight reducing portion or the ' wei ght addi ng
portion is disposed on at | east one center of far sides where the
I nput el ectrode and the output el ectrode ' are opposite to each

ot her, at |eas ten 0 Ie Sl . ' e_commpn

el ectrode, or %Jfg?gﬁcggb%gecé%{: rtosefl% 10 ode anflh%ﬁ?%%%"gnlto eéi)ﬁ%g]r:g Fhelf’nput
el ectrode and e_.out.pu . lL.ectr are oppgsite to _each_other as
wel | as at Iedé&l%ge e plez%ﬁ%%égﬁigf ?ﬁnggﬁogidggvéﬁﬁongéifélPﬁé a

comon electroqg. he pi.ezgel.ectric vibralion-gevice, t he

N
wei ght t +%‘a%%ﬁ@slb%ﬁi%hbﬁa§*%% PPEYREES iRt 1P Ith, SARECERSRgned
15 by a concave portion fornmed by renmoving a whole or. a part of
the el ectrode EFre8poha? nfheocaghheppredscdenitvedsidiriiegipl ends ofpfhene
el ectrodes. _ Mor eover, the wei ght adding portion may be
desi gndd so quarts pladte,aapdr eibhen whelweigfht redsicdaia pde iy be tbened
thickly 20 or so that resin materials may be partially or wholly
added w¢ hgh haadddiant podéion is disposed durathdreamsteonancentarobft he
common el ectrode is forned to be larger than a total area of the
i nput el ect rodarrzd ddewhere the iapiyguelekbeebredend ok bhepperépbetabdazone
of the common 25 el ectrode is at least partially provided with either
t he are opposifieght ¢achicthgeporly deaet dhe cwmitgdy ofddargspdesi on
whi ch reaches the common el ectrode opposite to the input el ectrode

aﬂd the out putoph®sit®d® the common electrode, or at least one center of
10 the far sides where the inpu.t electrode and the output
electrode are opposite to. each other as. well as at least one
center of the far sides opposite to the common electrode.
In the piézoelectric vibration device, the weight
reducing portion may be provided with a nétch, and designed
15 . by a concave.portion formed by removing a whole or a part .of
the electrode corresponding to each predetermined portion
of the electrodes. |
Moreover, the weight adding bortion.may'be designed so
that a part or a whole of the electrode may be formed thickly
20 .or so that resin materials may be partially or whoily added
to the electrode.
Furthermore, an area of the common electrode is formed
to be larger than a total area of the input electrode and the
output electrode, and the peripheral zone of the common

25 electrode is at least partially provided with either the



In the piezoelectric vibration devi ce according to the 5 presént

gi-nvention, the el ectrode formed on one principal pl ane of the
gquarts plate may be thickly forned structurally.

Preferably, in the piezoelectric vibration device, the common

el ectrode fornmed on one principal plane of the quarts 10 plate is
twce to 10 tines as thick as the input el ectrode and t he out put
el ectrode for red ght ieeluetihgr ppEtRéhp8t the weigh®l&d®ing portion whichn

t he piezoelectric vibration device according to the pr esent
invention, prefeididsy thehomh@renede rbae®sposi 8o the inpRf I Pl ane
of the quarts plate is made of a netal mat eri al mainly conposed of
gold or silverznehd Aiepiid ¥8kctrode. As shown in FIG 10, in the
spurious vibration of the non- har noni ¢ overtone node, it is well

known that the g thevwé@%éf&@&%%bde'vaﬁii;ag{)wew@eiécéafgggggaég@{'eef

more 20 outwardly than the princip ion - node " gen

couplipgg a synneg;i al.qu Vi bration #f§¥ and an obéiaue .,
symet i cal nmdds Wiy ar't oeﬁlet(]‘f"%’ atBust T ??/‘?ea rFRdt AR one Pringdmadher al
zone of the co n el ectrode which is oRposed to

t he_i nput
el ectrode andPRdSutPut ER®ct ABAELSt h@LGTEr afih 2% thl@ﬁéﬂgs farnekh

spurious vibration is higher than that of the

8 structurddilyci pal vibration. Herein, according to the

pr esent invention, the peripheral zone of the common el ectrode is
provi ded with the k&efierabdducindhsoPirsredectrdcweighation device, the

common electrode formed on one principal plane of ﬁhe quarts
 10 plate is twice to 10 times as thick as the input electrode
and the output electrode formed on the other principal

plane.
In the piezoelectric vibration device according to the
present invention, preferably, the electrode forﬁed on one
15 principal plane of the quarts plate is made of a metal

. material mainly composed of gold or silver, gold or silx'rer.

As shown in FIG. 10, in the spurious vibration of the
non-harmonic overtone mode, it is well known that' the
vibration energy distribution is .inclined rather more
20 outwardlylfhan the principal vibration mode generated by
coupling a symmetrical mode vibration (fs) and an oblique
symmetrical mode wvibration (fa) acoustically, and in the
peripheral zone of the common electrode which is opposed to
the input electrode and the output electrode, the vibration

25 energy of the spurious vibration is higher than that of the



adding portion, as it is obvious fromthe vibration energy 5
i stributiion as shown in FIG 1, a balance of the spurious

vibration is extremely |ost, thus weakening the vibration ener gy
of the spurious vibration as a whol e. Al so, in the

t hree- pol e-type or the four-pole-type - piezoelectric vibration
device, the spurious vibration can 10 be shifted, thus weakening the
vibration energyindipde ¥aBRation. H¥B¥in, according tdDR@QRQVEhreb¥ned
structure of the weight reducing portion ~or the weight adding
portion, the pPIdRcAPBdn VitHAlp M dAE] zone of | ShE AHRINA & B PPode CERL €F
of "an exciting electrode with the 15 result that the acoustic couple

‘between the sym@ifd&al wiPHetne weig&t‘é%%%ﬁé%%é}tfﬁ'ﬂ bhe 9l iv?%:gght

symmet ri cal . .node vibration forced to extend wrdt h

of the pass b ' . t.he.piezo ic.vibration. device.

Mor eover, an Z&rlg%irgq 1:ﬁretJ'coonrfrng’% é‘&eg?rgég%ésl SFé)@r@ﬁ‘io"lbra h3h FReFEE: al
area of. the input el ectrode an the,out%ut el ectrode opposite

t her et G, V\herég’;ﬁt?’ot?“mse,s 2 O F1G. 1, a balanghi et obRe (PRI HBHE i s
i nclined nore outwardly than the energy distribution of the,
vibration. |n GRIPHEW 4% ejtemely lost ydihyhafspkanine EmnmbioereteRrode

is at least partially 25 provided with either the weight reducing
portion or thenergy of the spurious vibration as a wholeg

wei ght addi ng portion, which structurally reaches the conmon
el ectrode opposite Al&det b2 §8et HraanPHarteodr c the four-paketiyie node

itself |oses the bal ance, thus danping the )
piezoelectric vibration device, the spurious vibration can

10 be shifted, thus ﬁveakening the vibration energy in the same
. way.

Moreover, by a structure of the Qeight reducing portion
or the weighf adding portion, the principal vibration mode
is concentrated on a center of an exciting electrode with the

15 result that the acoustic couple between the symmetrical mode
vibration (fs) aﬁd. thie oblique symmetrical mode vibration
(fa) is reinforced to extend the width of the pass baﬁd in
the piezoelectric vibration device.

Moreover, an area of the common electrode is larger

20 than the total area of the. input electrode énd the output
electrode opposite thereto, whereby, for example, the non-
harmonic overtone mode is inclined more outwardly than the
énergy distribution of the vibration. In such a state, the
periphery of the common electrode is at least partially

25 provided with either the weight reducing portion or the



vi brati on energy mnmuch efficiently. Though, generally, the 5 el ectrode

grea;is l:arger, thereby nmaking it possible to _ | ower a driving
| npedance, various kinds of spurious vi brations are

si mul taneously reinforced. On the other hand, according to the
present invention, the weight g reduci ng portion or the weight
adding portion is provided 10 wher eby the spurious vibration can be

pi ezoel ectric v as a structure rein
el ectrode for ejt | nci.pak gl t quart ate is
thickly for neg?gﬂﬁ%&}eéoly@rbouenggbgghfg @ﬂgrgéﬁﬂii? &r?a’ftogﬁgdg% ?ﬁgk\oalc
peri pheral end surface of ,the excitin | ectro is further
enphasi zed to PYoHtRRs mode Itgelf {8REFy “BF S ERC bttt HPHREpEErNg
t he wei ght X reduci ng portion ar_.the wei ght addi ng gortion t hus
enhanci ng an eY$RERLHPn (FREEH MUSHs efddCieatilyn. Though, generpidyer sBey,
the comon electrode formed on one . princi pal plane of the
quarts %l ate isleotrede oatdat ilsesdaxyger, therelycrakinghdt rpeasidbket ktode
and the output el ectrode forned ' on the other principal plane, in
order to rel eabewéhe ®ndrdying - impeddntde spricous \kimdst i off ospwaidhy,
and a boundary 25 condition formed by the peripheral end surface of
t he vibrations are simultaneousl® reinforced. On tlexcobthseg
el ectrode i s nmuch enphasi zed, which nakes it possi bl e to produce
an effect obtahaed, byaditisiggtbhethe presentei dhivenedda,ngtpher t wahght t he
wei ght addi ng portion, thus

' reducing portion or the weight adding portion is provided

weakened to a J«?%?lléti:l adding 283&%@9&: O] AU I fllu HSfral ., Leaches {he

10 whereby the spurious vibration can be weakened to a level
adapted for practical use.

The piezoelectric vibration device has a structure
wherein the electrode formed on either principal plane of
the quarts plate is thickly formed, whereby a .boundary

15 condition formed by the peripheral end surface of the
exciting electrode ‘is further emphasized to produce
efficiently an effect obtained by disposing the weight
reducing portion or the weight adding por;ion,- thus
enhancing an effect on the spurious restriction.

20 . Preferably, the common electrode formed on one
principal plane of the quarts plat;.e is twice to 10 times as
thick as the input electrode and the output electrode formed
on the other principal plane, in order to release the energy
of the spurious vibration outwardly, and a boundary

25 condition formed by the peripheral end surface of the

10



. S

enhancing an effect on the spurious restriction and the 5 guar ant ee

att epuatjon characteristics. In case that-the electrode is

made of a nmetal materi al mai nl y conposed of gold or silver, and

t he spurious vibration is a thickness-shear non-harnonic vibration

as menti oned above, owing to the el ectrode structure nmade of 10
~the netal whose relative density is greater, the decrease anount

of frequency oéxtbeingn-dlasctrvde VvirafudH empagBikel, which mdi@y that of
the principal vibration, the spurious vibration is seem ngly

hi gher frequensyséfioDet b8 RirodeicRalan/i ¥ péONobtained by NBlspSsihdCthne
spurious vibration can be far fromthe principal 15 vi bration? In

addi tion, it igeNghteAshesidd pdtdicke of ¥ weight addifgNp8k¥ibAl URhkhere
IS no possibility wherein the conducti ve resistance to the

i lenuat| on charsirer L pas SToofo o "R BRUELAl SRRARTGE P v Res

FIG 1ds a plan. view shqw n .princi pal . plang. having a cormon

el ectrogde in agq?;%w,:e%ﬁg:&&n%@%g%&g a’?@%gf%ﬁﬁ“- crystal filter of
a preferable piezoelectric vib[ahion devi ce according_to the,
present invention. i®gase thattapcelectyodesksmagertypefeifbngaeniplne
in FIG 1. : - 11

FIG 3 is a scétdinhal GARRYSADnGLB-B°ldners n slgery, and the spurfpgs 4
is a plan view show ng a, principal plane having a common_ el ectrode
in a second enpdRlHeien abgopd,tﬁécgcgegﬁéshear non-harmonic wvibration as

mentioned above, owing to the electrode structure made of
10 the metal whose relative density is greater, the decrease
amount of frequency of the non~harmonic vibration is smallerx
than that of the principal vibration, the spurious vibration .
is seemingly higher frequency than the principal vibration.
That is, thé spurio_'us vibration can be far from the principal
15 vibration. In addition, it is not easier to oxidize silver
than aluminium, there is no possibilit_y _wheréin the
conductive resistance to 'thé conductive adhesive ié not

increased, thus enhancing the attenuation characteristics.

20 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a plan view showing a principal plane having a
common electrode in a fil;st. embodiment of a monolithic
cf:ystal filter of a preferable piezoelectric vibrqtiori
device according to the present invention.

25 FIG. 2 is a sectional view along A-A line in FIG. 1.

11



présent i nvention. 5 FIG 5 is a plan view show ng a princi pal
Pl ane haying a common el ectrode in a third enbodi nent according to
t he present invention. FIG 6 is a sectional view
along CGCline in FIG 5. FIG 7 is a sectional view show ng
a fourth enbodi nent 10 according to the present invention.

FIG 8 is a plan view showi ng a principal plane having a conmon
electrode in a fif e [ rd] 5 . en

i nvention. it f’qug %_\%%:tﬁ‘séﬁglstg Voa(r)il'ac%x{h? Irew ]éi'%englr%—%g i }hé .n FIG
8. 1s i s_a.sectional. view a FIG_ 8.

FiG 11 is a di agr ERPsrbden BEAh L BRotaSf iR R nkipal Bipnd iting a
appl i cabl e for each enpbodi nent ,accordin o the sent i nvention.

og Schremredingnt a%grgmgor-q F&e i r st

FIG 12 is a ﬁP%ﬂnsﬁéﬁFﬁﬁ et LBgderf&F

enbodi ment as shown in FIG 1. FIG 13 is a graph showing a
frequency chaP&gfepfFsineention. of the fifth enbodi mrent as shown-in FIG
5. FIG 14 is a plan view showing a principal plane having

a conm®n el ectrodeFiLG. & msda foleat roawoshewbngidf prisgshpdinphane Maving a
according to the present invention.

12 common electroBeGinl%: i shardr gplhoslimentg acdomtjirencyo the
_characteri stic of a nmodification of the fifth enbodi nent as shown
in FIG preddnt invention.

FIG. 6 is a sectional view along.C-C line in FIG. 5.
'FIG. 7 is a sectional view showing a fourth embodiment
10 according to the present invention.

FIG. 8 is a plan view showing.a principal plane having a
common electrode in a fifth embodiment according to the
present invention.

FIG. 9 is a sectional view along D-D line in FIG. 8.

15 FIG. 10:is a sectional view along E-E line in FIG. 8.

FIG. 11 is a diagram showing a thickness of each
electrode, applicable for each embodiment according to the
present invention. |

| FIG. 12 is a graph showing a frequency characteristic
20 of the first embodiment as shown in FIG. 1.

FIG. 13 is a graph showing a -frequency characteristic

. of the fifth emlbodiment as shown in FIG. 5.
FIG. 14 is a plan view showing a pfincipal plane haviﬁg
a common electrode in a modification of the fifth embodiment

25 according to the present invention.

12



FIG 16 is a plan view showing a principal plane having 5 a conmon
s€lectrode in a sixth enbodi ment according to the present invention.
FIG 17 is a graph showing a frequency characteristic of the sixth
enmbodi mrent as shown in FIG 16. FIG 18 is a plan view

showi ng a principal plane having 10 a conmon el ectrode in a

nodi fi cation of the sixth enbodi rrent according to the present

invention. FIG. 15FL6 alf vﬁﬁf%%‘%e@%éﬁcfyr RHUSRACKeristic
characteristic in a m)dl f| catl on of the sixth enbodi nent as shown

in FIG alfiodifPcation of tid &1 £ | b Pimdh v IV ST 1S, &16.
princi pal plane haV|ng common el ectrode i n another nodification

of the sixth enbodi nment accordl ng to the present invention.
FIG 21 is a plan view of a principal plane having a conmon

el ectrode, for illustrating an eI gc‘; ovgle oul‘ilﬁg% grSrll%leal (Fgltanea having

pi ezoel ectric vibrati'on Vi al hi ng
frequepncy characterlstlc gener at ed ectrode teria

FIG 22 is a Gr &PFTSRoRi ﬁ&té"#feeéqﬂeﬁcﬁl?fﬁar SE‘F’Bfillg‘FPE according, g the

condition wherein the electrode material is 25 alumniumin the
el ectrode strpEegeatasnégpbitorn FI G 21.
13 FIG 23 is a graph show ng a frequency
characteristic FIG. ldndera mgxamitlishiingher drequeacy shprgdsardisddiial is
silver - in the electrode structure as shown in FIG 21.
FIG 24 is a gfaphe stigiimgmbodimenhtaseshovanmElsn 16.
FIG. 18 is a plan view showing a principal plane having
- 10 a common electrode in a modification of the sixth embodiment
according to the present invention.
FIG. 19 is a graph showing a frequency characteristic
in a mo'dification of the sixth embodiment as shown in FIG.
18.
15 FIG.'ZC-)._ is a plan view showing a pf:incip_al plane having -
a common electrode in another modification of the sixth
embodiment according to the present invention.
FIG. 21 is a plan view of a principal plane having a
common electrode, for illustrating an electrode structure
20 of a piezoelectric vibration device employable for
obtaining the frequency characteristic generated by an
electrode material.
FIG. 22 ié a graph showing a frequency characteriétic

under a condition wherein the electrode material is

25 alunminium in the electrode structure as shown in FIG. 21.

13



5 characteristic to'the‘thickness of the compn el ectrode
sundér a condition wherein the el ectrode material is a

mul tiple-layer structure of chrone-silver-chrone, a. t hi ckness
of a split electrode is 500 A, and a princi pal vi bration frequency
s 130 MHz. 10 FIG 25 is a graph showing an insertion

| 0ss characteristic to the thickness of the common el ectrode

under a condition #ie&.e3 i Bea ey eLpH oslowpli erd %réfﬁhéerﬂey charactt%zl-iskti

. . C
mul tiple-layer structure of chrone-silver-chroneg, ckness of

a split electiuaderi s 80RAdAiaA0whEEe DA HIgé R A | o, TJgauency
i's 130 M. FIG 26 1s a grap %?1%15\7%% %a%%féaintle% siiver

attenuation in the e IRUARLELELELLO dSnLRLCKIEYS, OFy L he common

el ectrode under a con I on wherern the eIedtr%de material is the

mul tiple-layer str ur f; chrope-sil ver- , I he 0] t hi ckness of
the split eIectrodgﬁﬁé g%% %f éng?Fﬁg 5&#“@1 ﬂ? gﬁaran%erF§ﬁ%ﬁ¥*?%ﬁhency
is 45 %LG. 27 i.s a ragh shomﬁng{an i nsertion |oss

i hBLE

char ac%/';fi sti EPPEAFRETLRTLRNSSs HHe ¢ REdR Qfecithdeommon elegigmden

condi tion wherei,n the el ectrode terial is the 25 mul ti ple-1ayer
structure ofunéﬁForfae-Ef’FaéF-lEHr reyhethe electrode material is a

14 . t hi ckness of the split electrode is 500 A and the
princi pal multipypplaypsn fStedirdivee i sof5 Mirome-silver-chroféG 28 is
a plan view show ng a principal plane having a comon el ectrode in
a seventh enbbBifbResacedr & $§lié ehectrode is 500 A, and a principal

vibration frequency is 130 MHz.

10 ~ FIG. 25 1is a graph showing an insertion loss
character_istic to the chickness of the common elec'trodel-
under a condition wherein the electrode material is the
multiple-layer structure of chrome-silver-chrome, .the
thickness of a split electrode is 500 A, and the principal

15 vibration frequency is 130 MHz.

FIG. 26 is a graph showing a guarantee attenuation
characteristic to the thickness of the common electrode
under a condition Qherein'the electrode material is the
multiple-layer structure of chrome;sill.ver—chrome, the

20 thickness of the split electrode is 500 4, and the principal
vibration frequéfxcy is 45 MHz. |

FIG. 27 1is a graph showing an insertion loss
"characteristic co the thickness of the common electrode’
under a condition wherein the electrode material is'tﬁe

25 multiple-layer structure of chrome-silver-chrome, the

14
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5 present invention. FIG 29 is a plan view showi ng a
princi pal’, pl ane havi ng a common el ectrode in an ei ghth enbodi nent
according to the present invention. FIG 30 is an
expl oded perspective view of a package 10 enpl oyed for a neasurenent -
of a frequency characteristic of t he piezoelectric vibration

devi ce. FIG 31 is a plan view showi ng a principal plane

Vi bration devi EafckEEIESE R SbIREeL S vadue SHTBR A Mo e BREETBA e

in FIG 31. b % Al LED DESQE’ gl ON OF THE PREFERRED EMBODI MENTS
Referring now YHPFAELAPAASAIERGY &F 13 ¥ enbodl nent s of the

i nvention are described in detail below. . FIG 1, FIG 2 and .
FIG 3 are explanat BE§- dhdsafsan yiew ShOWlngi4§3cr3é’r?d6@iln§%tan&cbé%|¥l§g to
t he present invention, enploying a nonolithic crystal filter. FIG
1 is a plan vi@vwommon elegfroglepinngi griyeptrabadinen ta acemrdingl &ot thde.
FIG 2is a sectional viewalong line AAin FIG 1. -FIG 3 is a
25 5 secti opaésentvimterigdn.ne B:B in FIG 1. FIG 1 and FIG 3

15 illustrate typically a vibration energy distribution
state of aFpei 9 pal a\plamiviiew shdeinagd priinfyiataloplaner Byveohg
(3,1,3) node, i.e., one of the spurious vibration. As the

quarts plate la @mrfdn Gllectt@ddeSipl @hGeighth embodiment according to the
pi‘esent invention.
FIG. 30 is an exploded perspec':tive view of a package
10 employed for a measurement of a frequency characteristic of
the pliezoelectric vibration device.
FIG. 31 is a plan view showing a principal plane having
a common electrode of a co'nventional | piezoelectric
vibration device.

15 FIG. 32:1is a sectional view along S-S line in FIG. 31.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring now to the drawings, i:referred embodiments'
of the invention are described in detail below.
20 FIG. 1, FIG. 2 and .FIG. 3 are explanatory diagrams of a
first embodiment according to the present invention,
employing a monolithic crystal filter. FIG. 1l is a plan view

of a principal plane having a common electrode. FIG. 2 is a

sectional view along line A-A in FIG. 1. FIG. 3 1is a
25 sectional view along line B-B in FIG. 1. FIG. 1 and FIG. 3
15



5 ’ enpl oyed, which is worked rectangularly. On one principal
Plate (boftomsurface) of the quarts plate 1, a pair of a

rectangul ar input electrode 21 and a rectangul ar out put el ectrode
22 are formed close to each other, at a predeterm ned interval in
a Z -axis direction. The input 10 el ectrode 21 and the out put

el ectrode 22 are led to each corner positioned on a diagonal |ine
of the quartSlﬂhaker&taytyplcally 4 hﬁb‘%‘&tﬂ%ﬂ“%n@r%t 624desiBkdi AP Rtate

Mor eover, on the other princi pal plane (upper surface), opposite

toth t | gct

cgmmﬁ IEEU Ofelae trorgie Zé O‘ﬂﬁ?orrrlgé(]'ﬁj ﬂﬁggg%%am%ce‘f%%g%n 25{1 IE‘?e% tgr

th f.th t | ectrod

232, to conneg?égr’ gqg&gér og'n ||‘13 ?#\ ?1%? %l%L%YVEEQaQXEQO' "9 e ege;l?rgl
ti f hort de of t t (i ded

Weh notches 231, a2t SHILSE  BEARSOGM ol S 20 TUATSSeckTeRRl I ovs

in FIG. 2 and 3, the p03|t|ons of the peri pheral ends of the input
el ect rdde 21, eMR&oyatpuYhich is worked reft Wi lthe OonRBS BréACiSdd 23
are predetern1ned at the aPprOX|nater sanme position as the other
princi pal platep|(hpstemchusfaee) (appbheardanbst Bhrtar Laca) Padad ofotiches
25 231, 232 of the common el ectrode 23 are scooped inwardly.

16 rectangular inpptcasedaifradeci2] ngndhe meetindgikarr pytaut
filter having the above structure, it shows a frequency

characteristielshbunden #2G ad®. fGwmeshr etlosie h tl Geagh other, $Htowiang
the frequency characteristic of the nmonolithic
predetermined interval in a Z'-axis direction. The input
10 electrode 21 and ﬁhe output electrode 22 are led to each
corner positioned on a diagonal line 6f the quarts plate 1 by
the outgoing electrodes 2la, 22a. Moreover, on the other
pfincipal plane (upper surface), opposite to the input
electrode 21 and output electrode 22, a rectangular commoﬁ
15 electrode 23.is formed, the common electrode 23 is led to the
other corner of the quarts plate 1 by the outgoing electrode
23a, to connected to a grounding terminal (not shown)} A
central portion of a shorter side of the common electrode 23
is prov1ded.w1th.notches 231, 232. As illustrated obviously
20 in sectional views in FIGs. 2 and 3, the positions of' the
ﬁeripheral ends of the input electrode 21, the. output
electrode 22 and the common electrode 23 are predetermined

at ‘the approximately same position as the other principal

plane each other (upper and bottom surface), and notches

25 231, 232 of the common electrode 23 are scooped inwardly..

le
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5 crystal filter in prior art, in the enbodinent according to

t.he present enbodi ment, a spurious vibration such as a non-

har moni ¢ overtone node having a relative great vibration ener gy
conventionally is danped. This is owng to characteristic
el ectrode structure in the present 10 enbodi nent, an electric
field is not added to notches 231, . 232 whereby it seems to be the

reason that excitin a S
not performed IR case o?ﬁe%%f“ B Eng MRS RS SR RE, FaE s

t he ' vi bration distribution, as shomm.in FIG 1,_the 15

vi bration | osed%'H&9 b&é%? Dhy tﬁgr38€3ﬁgé 23t ZPPVY peP frequency
vi bration ener of the,non-harnonic ov nDde as shown

FLG 05 18 root Pharas ea L0t . fodbonBy L Kby ol thgomsred with FﬁsndZ&r
the present invention is wder than that of thego_ .t hough-
it is hard to PEOYIRTzLhe LRERMERCYD Chagpcteristic Tﬁg ol F‘PPrP ithig al

filter enployed for the present invention is a rectangul ar shaped
AT cut fuarts slranséalbéig'ger in prioragtamipytlie empAdigentcamcardingtency
t her eof predeterm ned at 130 MHz, wherein a pair of rectangul ar

el ectrodes havithg present enlmrdjgrersi,des sphr@oﬂ% wipratbon esuch des aofnod-56
‘mm are formed 25 on the back side at an interval of 0.1 nm between the

17 harmoniel etleradas, madd hadipr eteldtDee §PPati veblratilea
pai r -of the input and output el ectrodes, having a size al nost

correspond theegeeglys tonweftdondheysul$ ackamddres ef om@uist hes owing @@mon
el ectrode of the present invention has a different
characteristic electrodsa structure in the present
10 embodiment, an electric lfield is not added to notches 231,
232, whereby it seems to be the reason that exciting
according to counter piezoelectric effect is not performed.
In other words, it is thought that, according to the
vibration energy- distribﬁtién, as shown in FIG. 1, the
15 vibration loses the balance along the notches 231, 232, the
vibration energy of tﬁe non-harmonic overtone mode as shown
in FIG. 3 is restricted to be weakened. Moreover, the pass
band of fhe present invention is wider than that of the prior
art though it is hard to recognize it in FIG. 12. |
20 | The monolithic crystal filter employed for the present
invention is a rectangular shaped AT cut quarts plate, being
2.5 mm by 5, having a center. frequency thereof pr'edetermined
at 130 MHz, wherein a pair of rectangular electrodes having
longer sides of 0.78 mm, shorter sides of 0.56 mm are formed

25 on the back side at an interval of 0.1 mm between the

17



5 shape fromthat of the prior art. As a shape of electrode for
redugi ng the weight, for exanple, notches fornmed on the . conmon

el ectrode are illustrated according to the present _ enbodi nent. A
shape of the notch is not limted to the shape illustrated in the
present enbodi nent, and a shape and a size 10 whi ch do not have

I nfl uence on displ acenent distribution of the principal vibration
nmode are al | ovdectnndasti wgdaacgemmon electrodmhappposite to the paiheof
nmonolithic crystal filter has structures not shown, in other

wor ds, one st rukot uiepwheragich aubpst ldeairodes, hakiéad ter sirel salmost
respectively connected to a supporting body Is prepared, and the

quarts plate kodfrddpombetieretocis ddemed on the Hunfdde .e TRYr&€osHpperd ed
by the supporting body connected : to the lead termnals to be

hermetic by a cehordNd HtHJWY of the preddrtCliHveniNEiHLd Ne HuesdSeptate
may be nmounted on a 20 package having an outer |eading el ectrode pad

t hereby bei ng: heapmeBIféﬁ%l?Etg?é % the prior .rgr}bgc% 8 Wo%feiggtfbagtfgge

for reducing t 'secon I ment,” or a structure

wherein el ectr . 1 LOopns | I rm [ e
el ectrode are r%%gmlng r%rrlr%\eg%iiégef or%rg eg%e ?‘lé?gqﬁ%f%?é% ;?Qggxg{il ttggld %% OW.

cormon comop, GRS Aot es S e MR Y B ANEC

LD et ar ST el IE SRR S0 0% 13 LS 48
illustrated in the present embodiment, and a shape and a size
10 which do not have influence on displacement distribution of
the prinéipal vibration mode are allowed, including a curve

shape.
The monolithic crystal filter has structures not
shown, in other words, one structure wherein a base having
15 . lead terminals respectively connected to a supporting body
is prepared, and the ‘quarts plate 1 of the above electrode
"structure may be _supported by the supportir}g body connécted
to the lead terminals to be hermetic by a cap, and another
structure wherein the quarts plate may be mounted on a
20 paékage having an outer leading electrode pad thereby being

hermetic.

As a shape of the electrode for reducing the weight, a
second embodiment, or a structure wherein ‘electrode
portions in predetermined portions of the electrode are

25 removed to form a piercing hole, is described below.

18



5 description thereof is omtted. In this enbodi nent, a
~.comon el,ectrode 24 is led to each corner positioned on a di agonal
line on the quarts plate 1 by out goi ng el ectrodes 24a, 24b.

The common el ectrode 24 formed on the back surface of 10 the quarts
plate 1 is provided with a nunber of pits 241, 242, 243, 244, 245,
246, the portions where these pits are formed are areas where the

spurious' vibrationruic.t iei§3a Jllgn view of a”BQ@k'§uff%.é‘é'M?éﬁ/eS§ éﬁm#é'n
excited. The each pit can be formed by well-known nmeans such as

renoving the elieeltiricdle 15 formd@iser ba! c®fi ke dy¥RICLREN PRI PQELI S’E‘Sch%

emtting |aser beans after forn1ng the exciting el ectrodes

such an secoRld’ @HHSH?ﬂEnt't Phe fsfa h\gﬁttst DE SRYLL OUs t\ijxé)rﬂ:]rlesrn of

the (3,3,1) node [oses the balance to a Vi bratron

'[de pl erci ng %g\?gq:ixsntepgr %Eq:%o cﬂéem%éod’rm?rgé\ gﬁgct azrk?r T #:r eer\l,\é‘]eesr eandsttfhtﬁ:t ure

i's notg I|n1te§ t% th%ﬁg erC|Q%?POIe i he %tructure wherein a part
of the el ect r 888CF4PRAAE ¢ &8 9Bt e e pit (concave), is

al | oned. Moreover, _the stru t re wherein 25 these piercing hol es and
pits are m xed MAtﬁ fhg ggnt, a common electrode 24 is led to each 19
above not ches naybe al | owed. Furthernore, as an el ectrode
shape for redGeFRETtPRSitioned onygidfirgonak Aing emifdw muartsoplakkubimwat i ng
a structure . Wwherein the electrode as shown in FIGs. 5 and 6 is
formed is outgoing electrodes 24a, 24b _

The common electrode 24 formed on the back.surface of

10 the quarts plate i is provided with a number of pits 241,
242, 243, 244, 245, 246, the éortiops where these pits are
formed are areas where the spurious vibration bf the (3,3,1)
mode is relatively strongly excited. The each pit can be
formed by we;l-known means such as removing the electric

15 material of the predetermined portions by emitting laser
beams after forming the exciting electrodes. By such an
arrangement, it is thought that thé spurious vibratian of
the (3,3,1) mode loéés the balance to damp the.vibration
energy.

20 Though the second embodiment has a structure wherein
thg piercihg hole is formed on the common electrode, the
structure is not limited to the piercing hole, the structure
wherein a part of the electrode is made thinly to form the
pit (concave), is allowed. Moreover, the structur; wherein

25 these piercing holes and pits are mixed with the mentioned-
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5 descri béd as bel ow. FIG 5 showing a structure of the

thirg enbpdiment is a plan view of the back surface where the
comon el ectrode is formed. FIG 6 is a sectional view along CC
line in FIG 5. The sanme el enents as those in the first enbodi ment
are 10 all ocated to the sanme nunerals and the description thereof _
Is omtted. On one principal .plane, an input el ectrode 31 and
an OULBUY e SR @8 1bReed. i n parallel to.a Z' -axis
direction, at a predeterm ned’interval therebetween, close 15 to each

ot her. The i nput ?hfﬁﬁé?ﬂg éfljngggghh%l%%dediSarbaanealf eféaggtfﬁéz tile®

| ed to each corner positione I ne on quarts

I b A . . : i nci
bl ane, comon PeBiFoads 5 re emboaingnf3For dtisakadtind ) sty UERY
I nput el ectrode nd_t he

el ectrodes 33, wgg%gig ?%%:elech"m‘ie tca)(l%t gg%ﬂgl:f#tﬁeﬁ’dsg’ogiszgggie%%% is

diagonal line on the quarts plate 1 by outgoing el ectrodes 33a,
34a. Mot eover, degggibed as belgWactrode has an arrangement wherein a pair of
t he i-nput el ectrode 31 and the output electrode 32, and a pair of
the 25 common EE€ectY sdewizy, agmtrugureohitiestbbrderiedistepeds a

20 opposite to each other in an X-axis direction. By

t he aptangehentqf &£hehbpekt sierfatei whoune ttihd lopmgioni kdecttaadeeis
oval vibration energy distribution, thus making it possible to

adopt it. Thoufbrmnbd.enBbdi rfents amgichional FiewnybrmnC-C line in FIG. 5.
The same elements as those in the first embodiment are
10 ~ allocated to the same numerals and the description thereof

is omitted.

On one_principal plane, an input electrode 31 and an
output electrode 32 are formed in parallel to a Z'~axis
direction, .at a predetermi.ned interval tﬁerebetween, close

- 18 to ‘each otheﬁ. _The input electrode 31 and the output
electrode 32 are led to each corner positioned on each '
diagonal line on the quarts pléte 1 by outgoing electrodes
31a, 32a. On the other principal plane, common electrodes 33
and 34 are formed opposite to the input electrode 31 and the

20 output electrode 32. These common electro;les 33, 34 are led
to each corner positioned on each diagonal line on the quarts
plate 1 by outgoing electrodes 33a, 34a. Moreover, each
electrode has an arrangement wherein a pair of the input
eleétrode 31 and the output electrode 32, and a péir of the

25 common electrodes 33, 34 have far side_s b_ei_ng__arc shaped,

20
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5 wherein the el ectrodes are arranged in parallel to the X-

axis.diregtion, it- is an optional matter selected depending on
desired electric characteristics such as a necessity for ext endi ng
t he pass band. "The third enbodi nent, in order to reduce the
wei ght, 10 - has an arrangenent wherein a notch 331 is forned at a
center of the circular arc shaped end of the common el ectrode 33
and dppiFite32oi sathr BHedt i CEAt &~akfi st NEL Kd dtEilb@l arBCy Sﬂ?@ed
end of the output electrode 32. The arrangenment wherein hose

notches are fgﬂ%g{(én(brfﬂqe & AR y@Ye BSrd b i% ?hrﬁ@gll}551mlla§ecﬂf]dthe

enbodi nents, can neke the vibration energy o urious

vibration of g NeAiariBll eadusy rket[fﬁqfton Wus making ukpeo%e@

A fourth enbodi nent escr| el'ow, t1e érrlng

a sectional V|em1 nol h| crystal Jter 20 havi ng a shape of
an el ectrode t% \ﬁﬁiéﬁ: g‘%wa SE? {a%?le?f“b iment employ§ an t?erlgaa‘}ﬁae eht
electrgde structure of _the preseg i nventjon as that of th r|or
art in°FI G 3Fhereiydihs 8&§Ftr° es  arg| _ETRRYed3 R PARLRLiHR &

mat erial as that, of .a commo el ectrode 37 is forned at one end of
the el ectrode 3¥AS ﬂ:,éecggon, 16t APngPSoPRASNTRE LR Res BRI E8 H8PRNRERT ode
371 is a portion 21

where the noniﬁhﬁﬁﬁﬁﬁédoeéPFéﬁ%Frﬁkﬁ¥4Q$Q¥ﬂ%#%qﬁﬂswc§tﬂéngl@eceSSltY for
excited, thereby danping the spurious vibration of the non-
har noni ¢ over tefendidg ghetpasy brad. . Afifth enmbodinent is

described as below, referring to
The third embodiment, in order to reduce the weight,

10 has an arrangement wherein a notch 33i is formed at a center
of the circular arc shaped end of the common electrode 33 and
a notch 321 is formed at a center of_the circular arc shaped
end of the output electrode 32. The arrangement wherein
those notches are formed, in the same way as the_first and

15 second embodiments-, can make the vibration- energy of 1;he
spurious vibration of' the non-~harmonic overtone mode or the
like be damped. |

A fourth embodiment is described as below, referring to
FIG. 7 of a sectional view of a monolithic crystal filter

20 having a shape of an electrode to which a weight is added.

In the same electfode structure of the present
invention as that of the prior art in FIG. 31; an additional
electrode 371 made of the same material as that of a common
electrode 37 is formed at one end of the electrode 37. The

25 forming portion of the additional electrode 371 is a portion

21
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5 FIGs. 8 to 10. FIG 8 is a plan view of the principal
pl ang on the common el ectrode side. FIG 9 is a sectional view
along D-D .linein FIG 8. FIG 10 is a sectional view along E-E
line in " FIG 8. 10 According to the enbodinent, a
rect angul ar conmon el ectrode 43 formed on one principal plane has
four sides bei ng I onger than those of a rectangul ar input

el ectrode 41 - where thé@Mdndha@&bAR@UbRE rdhBUhods 8G kaUat4ZelQr geeloaalyhe
ot her princi pal plane, so as to cover the both of the input 5

el ectrode 41 agg-iphedOouinite R ARt fRe SPLLDEEs 4Bbré3%n of tthe n8h€

formed at the each center of 'shorter "sides opposite to he common

electrode 43. Thengdept/hwlxddie ROUENSS cheathes. the common

el ectrode 43 opposite to the I nput and out put _ el ectrodes 41, 42
formed on the back sigde 20, .. . _The ca elecirode 43 is. led _to
anot her corner of t%eéilfth em"“‘&ﬁ‘ﬁf‘?s"%l‘{:e[sec?w&ﬁ 13)?1‘{%‘61 rfgejiqre%ltr?%d5043a,
to be connected to a grounding term nal (not shown). Moreover,

the i nput FIGs. & Eeth¥bde 41 and.the output electrode 42 are led to each

corner positioned on_ a diagonal Line on the qyartz plate 1 gg 25
out goi ng el ectrodest¥i4qa, 8425 2@ plan view of the principal plane on the

By adopting the above mentioned structure, especially the
non- har moni ¢ ovemrrone Ak adss 64 dehe DEF arfb d sodi $RFtipnal view agpag D-D
vibration energy distribution in a state wherein the non- har noni ¢
overtone node 1inéngl FAGd frucKIGutiigl § sedfional view along E-E line in
FIG. 8.
10 According to the embodiment, a rectangular common
electrode 43 formed on one principal plane has four sides
being longer than those of a rectangular input electrode 41
and a rectangular output electrode 42 formed on the other
principal plane, so as to cover the both of the input
15 electrode 41, and the output electrode 42. Notches 431, 432
| are formed 'at the each center of shorter sides opposite to
the common electrode 43. The depth of the notches reéches
the common elecﬁrode 43 opposite to the input and output
electrodes 41, 42 formed on the back side.
20 The common electrode 43 is led to another cokner of the
quarts plate 1 by an outgoing electrode 43a, to be connected
.to a grounding terminal (not shown). 'Moreover, the input
electrode 41 and the output electrode 42 are led to each

corner positioned on a diagonal line on the quartz plate 1 by

25 outgoing electrodes 4la, 42a.

22



5 ° ~ danping the vibration energy extrenely efficiently.
Cenerally; the electrode area is increased, thus naking it
‘possible to | ower the driving inpedance, on the other hand,
causing a probl em wherein various kinds of the spurious vi brations -
are stronger sinmultaneously. However, by 10 enpl oying a
structure of the el ectrode shape for reducing the weight, or a
structure of the elmetidefti9apRe MoRddiditioned stridtui®l Wipediifily
spurious vibration can bé weakened to a _ practical 'use 'l evel.

In a structur g shqy Ik fHdd; B.ov2UBRES e @.%?ﬁztsi ﬁg?'ba&%n,ce od%%%r,

Z'-axis direction so as to race opposite to ea 0

positions thergof ar t i t o 7 - AX] S . directi.on,

not ches 931, 9@% %Eigﬁfl rr%é%g’ sé)lréu{c]lte]u]%‘é?f‘%y% inoa StaFSrr"rJél %ieﬁ‘nantl'}{e- axi s

direction on a co n electrode 93 as, . . .shown in FIG 2 I n _case

Chat the st ruBTFBHERGHoWA VP RERRB IO Ls incldhaAeRueh qidhaishbisn tHLS

electrgde has shorter sides L[err], of 1.30 nn& and the input and
el ect r &P G e e h WhREF-19%er rgneFgy extremglys mRfigiantkyon

out put
between an X-axis directional distance .. Llerr] fromone notch to
the other di sF#f@FaldWwhéhg gkpstrode areadis cbtGuegased asthus e ligpsite to
each other, and a spurious 25 danmping anmount is illustrated in Table -
1. possible to lower the driving 28pedance, on the othef Taiidk 1]
L1 (mm Spuri ous Danpi ng :
Amount ( dB) fausing a problem @h&fein various.kinds of th8 spurious

| vibrations are stronger simultaneously. However, by

10 employing a struéture of the electrode shape for reducing

the weight, or a structure of the electrode shape for adding
the weight, the épurious vibration can be weakened to a |
practical use level.
In a st.ructure shown in FIG. 8,'notches are positioned
15 - in a Z'-axis.direction so as to face opposite to each other.
However, positions thereof are not limited to the Z'-axis
direction, notches 931, 932, 933, 934 may be structu;:ally
formed in an X-axis direction on a common electrode 93 as
shown in FIG. 20. In case that the structure as shown in FIG.
20 | 20 wherein the common electrode has shorter sides Lo of 1.30
mm, and the iﬁput amﬁ output electrodes have each width L2 of
0.78 mm, a relation between an X-axis directional distance
L1 from one notch to the other disposed in the X-axis
direction so as to be opposite to each other, and a spurious

25 damping amount is illustrated in Table 1.
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-0. 59 L 12 0.54
A3 . T 0.49 15 As it
is obvious fromthe above table, with-L[err] is less, 10 i n ot her
words, the depth of the notches is greater, the danpi ng anount of

t he spurious vibration is greater, |eading to being preferable.

A nonolithic crystal filter enployed for the fifth enbodi nent is a
rectangul ar shapgdeAll] cut quarts plate, 15 being 2.5 mm by 5, having
a center frequency thereof predeterm ned at 130 MHz, and has an
arrangenment wherein a pair of rectangul ar electrodes havi ng | onger
sides of 0.78 pm_shorter sides of 0 .56 mmare fornmed on the back
side at an interval of 0.1 nm befween the el ectrodes, and a
rect angul ar 2( c OB ect rode 43 SRAFLAYSI DABRANG des of 1.84 nm
and sHorter sides of 1.1 mmis f¢AmedngidBhe surface so as fo
cover the i npyi—aRa—oti-pei—el-e6t-0806———AS—a—equensy
characteristiq in the nonalisghic crystal |filter of the above

arrangénent i wing a
frequency charjacteristic bnsshe monol i t hil ¢ 12

24 cr-ystat +i+ter—of—te pHror—art——t+t—t+s—obvt s that
t he qpuri ous vi bPabidon of the npn-harnonic o¥drtone node of the

| i ke, having donventiomatt T TeratrTvetry glreater vibration ergy,

i s danped. Allso, the abofe4®ase, in the|same way as 13

As it is obvious from the above table, with Lj is less,’
+o in other words, the depth of the notches is greater, the
damping amount of the spurious vibration is greater, leading .
to being preferable.
A monolithic crystal filter employed for the fifth
embodiment is a rectangﬁlar shaped AT cut quarts plate,
L being 2.5 nﬁl by 5, having a center frequency thereof
predetérmined at 130 .MHz_, and has .én arrangement whereifx a
pair of rectangular electrodes having longer sides of 0.78
mm, sho'rter sides of O.SGImm are formed on the back side at an
iﬁterval of 0.1 mm between the_elect;_rodes, and a rectangular
= common electrode 43 having longer sides of 1.84 ﬁm and
shorter sides of 1.1 mm is formed on the surface so as to
cover the input' and output electrodes. As ‘a frequency
characteristiﬁ'in the monolithic crystal filter of the above
afrangement is shown in FIG. 13, compared with FIG. 22

25 _ .
showing a frequency characteristic in the monolithic
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5 t he device according to the first enbodi ment illustrated in

FIG. 12, ‘has a characteristic wherein the pass band width is
greater than that of the conventional product though it is
difficult to recognize the fact fromFI G 13. As a

modification of the fifth enbodinent, there is a 10 structure shown i

FIG 14. According to the nodification, a rect angul ar common

el ectrode 53 fergedabnfaleepriofCithdd piror artpl ane ikaodwibusi €Rstbehag

| onger than those of a rectangul ar i nput electrode 51 and a
rectangul ar ougputi€h8CHIER R of the nohShABHoRIcdFe PESEE MYdd TP 3he
pl ane so as to cover the both 15 of the input electrode 51 and the

out put el ectrofexd? hakdng conventibBBadgRt k&fsdiRR18ACH LOELH 5§Ega§§%n

reaches the common el ectrode 53 opposite to the input an

of the - ’enﬁgayfﬁghgggkgﬁgegdﬁﬂv%r§#$@§§o§hg?&i%gﬁéfpﬁeégﬁgégﬁﬂ&%@;g

el ectrodes 51

20 bove i nt on the other han shape of fhe each_notch in .
Che modtt eat | Ehe i HiTs Ahen g Lo nahe (T enpod it 1108 SR e 4

el ectrode 53
of the quarts

connected to a grounding term nal_ (not shown) 25 Mor eover, the input

S_led to_each %?ﬂr_ner ositjoned on ea

h
BTG 2 B Sont R TRF A R T isusberein thecanss hand wigeh is

el ectrode 51 afEeRher otRPritthAte A genventional product though it is
are led to, each carner_positioned on a diagonal |ine

25
of the

diGEEFRLEt foateceIBze iifofAgtef e’ FdfeslBia, 52a.

out put

n

di agonal |ine

A frequency characteristic of the nonolithic crystal filter having
the structure is shd® iRpdfdcatsonec @fpdhed fifth embodiment, there is a -

10

15

20

"25

structure shown in FIG. 14. According to the modification, a
rectangular common electrode 53 formed on one principal
plane has fdur sides being longer than those of a rectangular
input electrode 51 and a rectanéular output electrode 52
formed on the other principal plane so as to cover th'e both
of the input electrode 51 and the output electrode 52, and
the depth of the each notch 531, 532 reaches the common

electrode 53 opposite to the input and output electrodes 51,

52 formed on the back side, whereby the structure of the

modification is equivalent to that shown in FIG. 8 in the

above points, on the other hand, a shape of the each notch in

the modification is different from that in FIG. 8. The
common electrode 53 is led to each corner positioned on each
diagonal line of the quarts plate 1 by outgoing electrodes
53a, 54a to be connected to a grounding terminal (not shown).

Moreover, the input electrode 51 and the output electrode 52
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5 wth FIG 22 show ng a frequency characteristic in the :
monolithic crystal filter of the piror art, in the same way as the
above nentioned structure in FIG 8, it is obvious t hat the
spurious vibration of the non-harnonic overtone node or the like,
havi ng conventionally the relatively 10 greater vibration energy, is
danped, and it is recogni zed that the spurious vibration in (fl)
and (f2) is fasrérbedtte each corneplposipabnyiibsmtd Aiaddnes N9eRORIZikAG t he
fact of danping the spurious vibration (f2). Next, a

si xth enbodi neghak &z 3t d hegl 3at8ehaY e1dStrodes &hQNrEpg.to FIG 16. FIG
16 is a plan view of a principal pl ane havi ng the conmon el ectrode.

According to the engodiggflncPOotrdtscfdis£82 LT iR f6nolithic 8F geggt

el ectrode 61, an output électrode 62 and a conmon el ectro X SO
f C v _ i i |

ot val oot 1o FPEEe AELAG ené seRictudl to SHBECL e fs SELYELUC Y

‘equi valent to I On shown in

the othgr hand,.jf i structurally characterized in that notches
633, 633, 635,"“‘&1 F1G.o 42 4P OV bRTed 3%;%'%%%%&?8 erodbiss im Rhe
X-axi s ' direction. The notches 633 and 634, and 635 and 636 are 25
respectively fB?H2 1551%s°§¥§qé;x§H95e§a8ﬁ bhggpiror art, in the same way

26 The frequency characteristic of the nonolithic
cryst al as thetabove meptrred MEFugture |in (RS sofe Whylasobrbouss

illustrating the frequency characteristic by neans of the
arrangenent sheldti Bhe| EPUBLRBAL VdREALABBY L tHhe Jirihamuonic overtone

mode or the like, having conventionally the-relatively

10 ' greater vibrat-:ion energy, is damped, and it is reéognized
that the spurious vibration in (£f1l) and (£2) is far from the
principal wvibration, thus iecognizing the fact of damping
the spurious vibration (£2).

Next, a sixth embodiment is described as below,

15 referring to FIG. 16. FIG'. 16' is a plan view of a principal
plane having the commdn electrode.

According to the embodiment, notches 631, 632 formed on
an input electrode 61, an output electrode 62 and a common
electrode 63 so as to face to each other in a Z'-axis

20 direction are structurally .equivalent to those in the
modification shown in FIG. .14. On the other hand, it is
structurally characterized in that notches 633, 634, 635,
636 are formed on. the common _ellectrode-.63 in an  X-axis
direction. The notches 633 and 634, and 635 and 636 are

25 respectively formed so as to face to each other.
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5 vibrations in (f3) and (f4) are far fromthe principal

Vi bratlon and in the sixth enbodinent, it is recognized that not
only'the spurlous vibration in (f3) but also that in (f4) are
danped. Mor eover, as a nodification of the sixth enbodi nent,
10 structures in FIGs. 18 and 19 can be cited. In an

arrangenent of the FIG 18, shapes and form ng positions of

notches 731, 732, 78Re f dawgeféh%a%t%wmcebecm@%nalﬂmc cr stalan
X-axis direction are structurally equivalent to those in I¥

Though shapes ?ELEQEC%S shioh ol ang 7541?Gf°ﬁmd R &% same way 2% 16 rqa_-,t ' on

are different Tromthose form ng portions thereof ‘are

cor responding {0, 0psgct g FLE, -%ﬁequencgugxgggp&sglﬁwssbgpgggge e 40 hfie

comon el ectro are n an ar

ar r angenent has the sa ef t as_that in,F 20 . In
an arrangenent ‘s’ﬁﬁ&ﬂe?‘ﬁnﬁl ghovyp in %ﬁfh’mﬁ 5‘?8???883 aBove?’ tBs SPUSiRHSded
wi th notches 831, 832, 833, 834 which reac t he conmpn el ectrode 83

opposi t® to anvViRpatienscifodefP1 and (f‘” arenfagt frome| Bt r 8dd"Fipad) ong
each diagonal |ine drawn from each corner of the rectangul ar

el ectrode.  Avibratips apdin thar%mmﬁo%%elgah@ refqegni zed st i n
FIG 16. 27 In
t he above nenthnohezhX¥y tthile spidrsows tvidmsddiaredns(f3hédut also thatmon (£4)

el ectrode may have a structure wherein only two sides opposite to
each other nmyabe dammgst. t han those of the input . and out put

el ectrodes, or the conmon el ectrode nay be forned
Moreover, as a modification of the sixth embodiment,

10 structures in FIGs. 18 and 19 can be cited. In an
arrangement of the FIG. 18, shapes and forming positions of
notches 731, 732, 733, 734 formed on a common electrode 73 in
an X-axis direction are structurally equivalent to those in
FIG. 16. '_I‘hough shapes of notches 741 and 742 formed ina Z'~

15 axis direction are different from those in FIG. 16, forming
portions thereof are corresponding to those in FIG. 16.
Shorter sides opposite to the common electrode 73 are formed

outwardly in an arc shape. The arrangement has the same

effect as that in FIG. 16.

20 In an arrangement shown in FIG. 19, a common electrode
83 is provided with notches 831, 832, 833, 834 which reach
the common electrode 83 opposite to an -input electrode 81 and
an output electrode 82, along each diagonal line drawn from
each clorner of the rectangular electrode. Also, the

25 arrangement has the same effect as that in FIG. 16.
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5. on a whole surface of the quarts plate. However, in case of

.conflecting the quarts plate to an el ectrode pad of a package by a
conductive connection material or the like, there is a possibility
of causing a short circuit between the outgoing el ectrodes of the

I nput and out put electrodes forned on the 10 ot her principal plane and
the el ectrode pad with the result that an el ectrodel ess area nust
be formed in order i@ tHWeC¥BHYe mentiondd€iftabsedsfixan bappannagtis) €rse of
enpl oyi ng the arrangenent . In the each enbodi nment,
either the i npdmRbLEIRAS RImathave al Berautivt WHOLIOGR1GNtABCsides
princi pal plane or the conmon el ectrode on the other principal

plane may be forned;+e tq[ ﬁach%ﬁﬁy’mgf%eeleﬂgkgyt%m b ELG iddutd

t hi ckness Gl o e comon el ectrode 37 is greater than a thickness

L Ay, A M BREEH MR R P L R s eidotay e fommeg,,

Pref erably, e ness our nes ness , Inor

to emt t he spurious vibration energy_oufwar . Wth.,the_thickness
i s incriased, Yhé BRR ei§uF§EF%éy§&Pe ! eP?aé?te%4§$ver’ LR CARE Rhent
reaches a certain |imt, the further_increnent fakgs to incLease
the band rnuch ¢@RRECHIRY fhR GEaRGSPIRte 59 an elgctErde Pahriing RRE aP8ve
fact into consideration. By such ] _ ) _ 28
an arrangenentby chasgsicdivigogaaaegtéspdrareri ahidig the like, thergqis ag or
adding a weight is further enphasized, thus ] bei ng capabl e of
restrai ni ng t eospibiblty \dheamiséng a short circuil RetpHeedathe FiHbaPHRAt

nmenti oned above, preferably, 5 t he conmon el ectrode.forned on one
princi pal pl anele¢trddes of the input and output electrodes formed on the

10 other principal plane and the electrode pad with the result
that an electrodeless area must be formed in order to prevent
the problem from happening in case of employing the
arrangement.

In the each embodiment, either the input electrode and

15 . the output electrode on one principal plane or the common
electrode on the other principal plane may be formed
thickly, for example, as shown in fIG. 11, a thickness Gl of
the common electrode 37 is greater than a thickness G2 of the
'input electr_ode 35 or the output electrode 36. Preferably,

.2_0 the thickness Gl is four times thickness G2, in order to emit
the spurious vibration energy outwardly. With the thickness
is increased, the band is increased. However, after an
increment reaches a certain limit, the further incfement
fails to increase the band much more. The device must.be

25 designed, taking the above fact into consideration. By such
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~quarts plate is twice to 10 tines as thick as the input el ectrode

and’the out put el ectrode forned on the other principal plane in
‘order to emt the spurious vibration energy outwardly. For
~exanple, as shown in FIG 11, the 10 - thickness of the conmon el ectrode
37 is approximately tw ce t he thickness & of the input electrode
35 and t he out put el ectrode 36. The Iimtation of scope between
twice and 10 an arrahbBRenty @@angRed, of NboAnadsy atdredi ©foh howidd to
wherein the band is increased with the thickness is increased, but,

15 - after theyddiGiEnept afa8ahes el Ds! elkhebh@mipaldi®ed, thus
increment fails to increase the band mich nore. Referring to

expertmental gshd bhiabiglsfl el tEb®inglr A0 A1 dus bfbration . described

as bel ow. shows each guarantee attenuation in case
that a 20 mul ty ple-1a .chr Ijver - 0, S
enpl oyed as an eleg??o één%?é$i3@§6gﬁégﬁgig%%géggg ”?%§Je, p§£¥?%ﬁk}y,

el ectrqde and the output electrode s 500 A and the . f requepcy, of
The_ pr thei pal Wit SRR 1 g S, Lo e She 'PEinginal, e ThotBmron
el ectrode is chanq?d s below .that 25 Is 500 A 1000 A, 2000, A, 3000
A 4000 A 500HeK %ﬂik??ﬁ L5 gtwice to 10 times as thick as' the inpyy '
7000 A, FIG 25 is a graph for illustrating insertion |oss to the
each t hi cknes®lschnpde oai®dn thre QUIRIE elpebbode, formed onfprie 2BtRepws
each guarantee attenuation in case that the mul ti ple-1ayer

structure of prdmyimelsiplane chrofsderj o Senmit thaplsppadoss ariktatieonde

material, the thickness of the

energy outwardly. For example, as shown in FIG. 11, the

10 thickness of the common electrode 37 is approximately twice

the thickness G2 of the input electrode 35 and the putput

electrode 36. The limitation of scope between twice and 10

times is designed, in consideration of the fact wherein the

band is increased with the thickness is increased, but,

15 after the increment reaches a certain iimit, the further

increment fails to incdrease the band much more. Referring to

experimental data illustrated in FIGs. 24 and 25, it is
described as below.

FIG. 24 shows each guarantee attenuation.in case that a

20 multiple-layer structure of chrome-silver-chrome is

employed as an electrode material, the thickness of the

.input ‘electrode and the output electrode is 500 A and the

frequency of the principal vibration is 130 MHz, and the

thickness of the common electrode is changed as below: that

25 is 500 A, 1000 A, 2000 A, 3000 A, 4000 A, 5000 A, 6000 A, and
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|nput el ectrode and the output electrode is 500 A and the frequency
of the principal vibration is 45 MHz, and the t hi ckness of the
comon el ectrode i s changed as bel ow t hat is 500 A, 1000 A, 2000
A, 3000 A, 4000 A, 5000 A, 6000 A, and 10 7000 A. FIG 27 is a graph
for illustrating the insertion | oss to the each thickness of the
common el ect rode. In case that the frequency of the principa

vi bration i 1 t.he_i ns [ I s ten t 0 .be higher .as
shown o 7009 & FrdTis 80a) BREPh B RS SR et A 1%
approximately 15 3dB.cones within_the enplo abI case that
a freq&@n&?eofafﬁetggﬁ53ﬁ§ﬁt8F ﬁgﬁ CPTMYR %Fﬁaelns@PHQHYer'

| oss tends to be | ower, whereby the insertion |oss less .t han

approxi mately ¥d8- c@ﬁe§hﬂﬁﬁhFﬁcphguéﬁﬁP5§SbP§t§885E1°n in casg,tgdr kb,

t aki ng the nost appropriate value of the 20 guar antee attenuation
charact eri sti cRUlFloleoAavesr atoicture  ofj n gIvORA W tcherms, tise
best range of the thickness of the comon el ectrode is from 1000 A
to 50005A. Theeapdogedatas an elecgu@@@rmathelséopéh@f tthiec kg sk ness tife t he
common el ectrode which is experinentally predetermned at twice to
tenfold 25 - inphe ehieckmese ahdt hkei nptpusindleutpateciect00ddsand the

30 By the structure nmentioned above, better

guar ant ee frequahl@nat i the chaiweigdl svibsasiénolkaiqtediHehangds tafe t he
boundary condition by reducing or adding a weight are nore

enphasi zed Wi t khtik&nessubt tH@tcdri@nspleic@isdel Ds adhigedins belowbahat
effectively restrained.
is 500 A, 1000 A, 2000 A, 3000 A, 4000 A, 5000 A, 6000 A, and
10 7000 A. FIG. 27 is a graph for illustrating the insertion
loss to the each thickness of the common electrode.
In case that the frequency of the principal vibration
is 130 MHz, the insertion loss tends to be higher as shown in
FIG. 25, whereby the insertion loss less than approximately
15 - 3dB comes within the employable scope. . 1In c'ase. that a
.frequency of the fundamental wave is 45 MHz, the insertion
loss tends to be lower, whereby the insertion loss less than
approximately 2dB comes wiﬁhin the employable écope.
Furthermore, taking the most appropriate value of the
20 guarantee attenuation characteristics into considération,
in the above both caseé, the best range of the thickness of
the common electrode is from 1000 A to 5000 A. The above data
support the scope of the thickness of the common electrode

which is experimentally predetermined at twice to tenfold

25 the thickness of the input and output electrodes.
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The” spurious restraining effect is different according to a size

(an amount) of a weight reducing portion or a wei ght addi ng
‘portion so that there are sonme cases wherein t he princi pal

vi brati on node i s danped. Moreover, the 10 not ches nust be

desi gned, taking a production error in form ng the el ectrode,
I nto consi derati on. The multiple-layer structure of

chrone-sil ver-chro the %ﬁ; éﬁﬂ? {ﬁ#f@né@ EBSQE“N#%EFQFr§§£rakgeghe

above enbo nents a conventiohal case o

15 alun ”'é‘g&é‘ﬁué@fm’?' Lrade, ELE8! arh! ob2a20MAN 4S04 N2 h@% the

the spurious vibration can € genera rom-t nC| pal

vi brati on. FIG&nd 22 and E@ sh M/fre enc or addln cha&actg |st|cs
case that the RYPETY SLHGH O 3 G° gppl e8It EhE fiors

el ectrodes and alumnlumwﬁﬁﬁh er s res ectivel |, oyed as
the el ectrode FHRRF$Lfed 3@3 testlt LBAtnEPe: AR EbﬂﬂﬁnvlpégEFB ec33,
the input electrode 11, nor the output electrode 12 has a structure
for redticing dve effectivady RgsErakReMt, which is a characteristic
structure of the present invention, only differences of action and
effect 25 obt af e E P igiusf spehtelindng efteckliscdifferanteacaprding
31 described. As shown in FIG 22, in case of enploying
an al upe nausiékedenodaounitd syfurd owsighbr aeﬂuningf Poryifd) area
greatly generated in the peripheral zone of the principal
vi brati on, butwengntnadniug peentd.oni soc&betothempl ayengome 5ases wsetebn
electrode, t he spurious vibrations (f7), (f8) are
the principal vibration mode is damped. Moreover, the
10 notches must be designed, taking a production error in
forming the electrode, into consideration.
The multiple-layer structure of chrome-silver-chrome
is employed as an electrode material, in the above
embodiments. Compared with a conventional case of employing
15 aluminium as.the electrode material, it is advantageous that
the spurious vibratién can be generated farther from the
principal vibration. ‘FIGs. 22 and 23 show frequency
characteristics in case that the structure shown in FIG. 21
is applied to the electrodes and aluminium and silver are
20 . respectively employed as the electrode material. Though
neither the common electrode 13, the input electrode 11, nor
the output electrode 12 has a structure for reducing or
adding a weight, which is a characteristic structure of the

present invention, only differences of action and effect

25 obtained by difference of the electrode material are
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generated far fromthe principal vibration. This is gr ounded

.on the reasons as below. First, in case that the spurious vibration
bei ng a thickness-shear non-harnonic vibration is formed by a heavy
electrode in relative 10 density, a decrement of the frequency of the
non- har noni ¢ vibration is smaller than that of the frequency of the
principal vibration, with thé result that, seem ngly, the frequency
of the spurio ' i ON A | ry th o] t r G

vi brati on. g%cs\oerﬁwc%t ip!sssogv}\‘nkﬁgletlo&t e 1%' ina‘éé??i gga:%%}aggs‘%%isgp%ner ein

vibration. Second "t 'S | ; rei
comar ed wi ¢ h vk SeCLEBes, ohe soBlods tiBrAETBRS, )T LESHA | Ter

5 1) vonco B, WATTALH Th, e BHESSAMEATOORRS Do oy o
I d i d of..silv h I L al , ' I | d.
0010 1SL o2 Gt 23,0 1 RIS in cage, o ABRIREARIE e

silver, and netal mnultiple structure i nly, conposed of gold or

si | ver 5i ncl udisid ey ectrode, |tha SRUTIRYS,r BEPEYERORS éﬁ?bms-( Pveértgyol d,
chronme-silver- 25 chrome, chrone-gol d-chrone, nickel-silver-nickel

chr ore- generated far from the princippl vibration. This is
silver-nickel or nickel-silver-chrome, and double | ayer structures
or el ectrode gwoumcriedeonstibh neasbnones Hhélew, First, ighraase ddiak the

ni ckel -silver, nickel-gold or the like. Al so i n case of enpl oying

t hese. el ectr odpsirics sabtkratiectbasngsa thioknesseshéear case-dfamgiiioyi ng
only silver can be obtained.
vibration is formed by a heavy electrode in relative
10 density, a decrement of the frequency of the non-harmonic
vibration is smaller than fhat of thg frequency of the
principal vibration, with the rééult that, seemingly, the
frequéncy of the spurious vibration is higher than that of
the principal wvibration. Second, it is owing to the
15 additional reasons wherein aluminium is liable to oxidize,
and it is a more unstable material compared with silver.
Under the above description, employing silver as the
electrode material is effective means in view of restraining
the influences of the épurious vibratiqn. ~ Furthermore,
20 employing gold instead of silver as the glectrode material
is also allowed. In addition, the electrode material is not
limited to only gold and silver, and metal multiple
structure mainly composed of gold or silver including three
layer structurés such as chrome-silver-gold, chrome-silver-

25 chrome, chrome~-gold-chrome, nickel-silver-nickel, chrome-
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The frequency characteristics shown in FIGs. 12, 13, 15, 17, 22 and

.23 are nmeasured by neans of package 320 illustrated in an expl oded
perspective view of FIG 30. The pi ezoel ectric vibration device 300
to be neasured may be any 10 of the devices according to the present

I nvention. For : exanpl e, as shomn in FIG 30, on a plane of a

pi ezoel ectric ubstrate .3 air ut ang ou t vibration
el ectrodes Sﬁll‘éeﬁ %’r‘i" For REd “s'"(? td‘ Yavre Cé‘rﬁ’rnged &1 r‘?@dl%- iayeﬁap G
I nt erveni ng t her ebet ween, on the ot her, pl ane, onmpn

el ectrode 3135 FEUEHITRS &5 % ‘g%es‘fﬂéq ]E)est ah as mr‘iﬁ‘%z%ﬁlEEFrl c

vi bration device 300 is housed |nS|de a sur face-nmounti ng-type

package 320. chrome-gold, miqkelasddge32@ickiedrigndd QrpﬁbkaéékbedyAQQQ
conposed of an insul ati ng material such as ceramcs, and a netallic
20 lid 32infoaseovrempl eying pere saurd beet opdes Ngtlod sattejepaﬁﬁage as
body 321 via Kovarring (not shown). The package body 321 S

provi de&d wi t hobhvwiped $n3ddse denpippihvaily gppeseedcd® be obtainklde i nput

vi bration el ectrode 311 and the output vibration el ectrode 312 on

the piezoel ectricrheubséquincy clidradferisti@spsitdinyely FIGaN nzsembl,l ng
state, and a partition 343

between the respeeyivezpidnd 344 avd &é%slu&e@ Pseeans 08E t;hae;kage 3zo gap
G intervening between the pair of input and output vi bration

el ectrodes 314;)@derated in an exploddd iJe sYPRAABILGiEWCO¥ I BFQ! I3, deMibCe
300, the pair of 5 | nput ‘and output "vi bration electrodes 311 and 312

facing piezoelectric vibration device 300 to be measured may be any

10 of the deviées accordiné‘ to the present invention. For

-example, as shown in FIG. 30, on a plane of a piezoelectric

substrate 310, a pair of input and output vibration

electrodes 311, 312 .are formed so as to have a predetermined

gap G intervening therebetween, and on the other plane, a

15 common electrode 313 is formed so as to face thereto, the

piezoeleétric vibration device 300 is housed inside a
surface-mounting-type package 320.

The package 320 comprises a package body 321 composed

of an insulating material such as ceramics, and a metallic

20 lid 322 for covering an upper surface opening pf the package

| body 321 via Kovarrincj (not shown) . The package body 321

is provided with two pits 341, 342 respectively opposed to

the input vibration electrode 311 and the output vibration

electrode 312 on the piezoelectric substrate - 310

25 respectively in an assembling state, and a partition 343

33



& .
each, bottom of pits 341, 432, are supported by the package body
321 ikn the peripheral zone of the pits 341, 342 at three corners
of the piezoelectric substrate 310. The pair of i nput and out put
vi bration el ectrode 311, 312 ‘and the conmmon 10 el ectrode 313 are
respectively led to three corners of the pi ezoel ectric substrate
310 by out goi ng el ectrodes ' -respectively correspondi ng thereto, and
t he package bo LA ' i t . GO | ads_ P.at
the positions Bétween tclr%)er %éé é%&?%g\i{%@%ﬁ\glc%rl%ggze%% ﬁ%&%‘l’e‘?‘?p SHd Bsne
of the 15 Substrate 31

' 3 . h ' | g [
aut omatical |y %géh?ed”ﬁ%é’i‘ﬁ%‘z’c‘%n%%?e‘ﬁ% Ségg I%Caf# ;ogt apgut and °§bﬁ8?‘§i n

t he conductive_adhesive does nof p e i he i ezoel ectric
substrate 310 Y?Bﬁ?g+BPéﬁqﬁf%WﬂFh$gi’qaz' cornersP at the sanme time
when the pair of input and outpyt -2Q .. Vibration el ectrodes 311, 312 and
t he com"rolr[: el ect r oden 34Re plezo%liegrtgla BLPFRELPR %‘Gh?l%c‘{@}' e p@1r of
respecti ve connecting pads P. Under such a condition, the
measur efrent i tnput and patpyEnwdbration electrodest Fd Y ignd 312t Kecdngt h
enbodi nents nmentioned as 25  above, though the two-pole-type el ectrode
structure has each bottom of pits 341, 432, are supp84ted by the package
been described, the enbodinents are also applied to the -

t hr ee- pol e-t ypgody F2minpvhe-gemipheiradoebnetsf -he piaki DAL, 342 at tHeekce,

in the sane way. The enbodi nents are described, referring to FlGs.
28 and 29. Scorners of Eh& p28zbelacpkis wubwtekta prionci pele ppape bavi ng
a comon el ectrode in a seventh enbodinent, for illustrating a ]

input and output vibration electrode 311, 312 and the common

10 electrode 313 are respectively led to three corners of the

piezoelectric substrate 310 by outgoing electfodés

respectively.corresponding thereto, and the package body

321 is provided with three connecting pads P at the positions

corresponding to the corners in the peripheral zone of the

15 pits 341, 342.. The piezoelectric substrate 310 is

automatically secured_on-the connecting pads P in a state

wherein the conductive adhesive does not prevent the

p%ezoelectric substrate 310' from vibrating at three

corners, at the same time when the pair of input and output

20 vibration electrodes 311, 312 and the common electrode 313

are electrically connected to the respective connecting

pads P. Under such a condition, the measurement 1is
performed.

In the first to the sixth embodiments mentioned as

.25 above, though the two-pole-type electrode structure has
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[ 4 : . :
t hree- pol e-type piezoel ectric vibration device. As a guarts
plate 1, an AT cut quarts plate to be worked rectangularly is
enpl oyed, on one principal plane, a 10 ~rectangul ar input el ectrode
261, a grounding el ectrode 263, an out put el ectrode 262 are forned
at predeterm ned intervals in a state wherein the groundi ng
el ectrode 263 I ntervenes between the input el ectrode 261 and the
out put beehedeseodéb2d?. thEhenmplimealtect andea26d appliial otd puhe 15
el ectrode 262 are led to each corner positioned on a di agonal l'i ne
of the quarts phate-poby-oypgooAgfehecpodety@élpiez26dBectric vibahdibhe
groundi ng el ectrode 263 is led to each corner posi ti oned on anot her

di agonal |ine §éeieef bynothgOi&de way, TﬁéeéﬁbééﬁﬁeﬁGQta§§0&6§cr'sagthe
ot her hand, on the other 20 princi pal plane, a common electroée 64 is

formed oppositgeferring dPFEBE . IJPULgI §Ctrode 261, the grounding el ectrode
263 and t he ou?put el ectrode 262, and the common el ectrode 264 is

| ed t.o each rn sitipned on a diagonal line of the gquarts
‘plate 1° by outgoingFggéc?éog%séﬂégggdihg%,ogoab%r%%ﬁh%%fe%i?%eeE%Vlng-Fhe

grounding el ectrode 263 in conmon. At e _peri,phery o . ,

35 L5R8Sn Shadhatfioni et sevenil sRAPURBER e LoRd LinatEatiag & a

dept h erein the notches can regach the input_ el ectrode 261 and the

out put el ect r odfer %P ?)bgwpﬁéz@@i.ecqrﬁctﬁébfﬂé 0 G5 ve-ce . type

pi ezoel ectric vibration device, the common electrode 5 2 '

64 is
provided with a weidht® ABAEESRLPER thiroAR AR F1Y gEpRGS Plate tq ke Yarkfde of

the spurious vibration and weakening the
rectangularly is employed, on one principal plane, a

10 rectangular inﬁut electrode 261, a grounding electrode 263,
an output electrode 262 are formed at predetermined
intervals in a state wherein the grounding electrode 263
intervenes between the input electrode 261 and-the output
electrode 262. The input electrode 261 and the output

15 electrode 262 are led to each corner positioned on a diagonal
line of the quarts plate 1 by outgoing electrodes 261a, 2_62a,'
and the grounding electrode 263 is led to each cc.:rner
positioned on another diagonal line thereof by outgoing
electrodes (not shown). On the other hand, on the other

20 principal plane, a common e.lectrode 264 is formed opposite
to the input electfode 261, the grounding electrode 263 and
the out;_put electrode 262, and the cominon electrode 264 is led
to each corner positioned on a diagonal line of the quarts
plate 1 by outgoing electrodes 264a, 264b, to be connected to

25 the grounding electrode 263 in common. At the periphery of
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Vi br at'i on ener gy df t he, spurious vibration as a whole. - FI G

29.is g plan view of a principal plane having a common el ectrode in

an €i ghth enbodi nent, for illustrating 10 a four-pole-type

pi ezoel ectric vibration device. ' _ As a quarts plate 1, an AT cut

quarts plate to be worked “ rectangularly is enployed, on one

principal plane, two pairs of i nput and output el ectrodes, or ast
- rectangul ar i nput N el ectrode 271 and a rectangul ar output el ectrode

272, a 15 the remmanget eftivfrit & edotsde 8P 0T at PEREANYEI ArdRiEbut

el ectrode 282 are respectively forned at predeterm ned o intervals.

The input ekbetreddet2d hodwdesheanuganh shecinpye electrode sl and &R i nput

el ectrode 281 and the output el ectrode 282 are respectively led to
~each cor ner ofcplufte eQeatiadpl 3a6e tppypsed0 theredot goilmg tdlee dhneepPlda,

272a, 28la, and 282a. On the other ' hand, on.the other principa

pl ane, commpippel ele@deacef3c vibratioBB83eatieef onhed contRectd Mdtrsde as to

be opposed to the input el ectrode 271 and the output electrode 272,

angmgg‘e N LT e%fovféé%&u%%@eg@éiaﬂ@ 108uLELR Yo R 86 | 08 L 8% s Al t he

co 25 . e rodes 2 83 afe led to each corner positioned on

each ious vib¥htion and weakeping dpgonal
i ne of thetaﬁaﬁaslaﬁcaet eqfl %ffleoafbagllﬁaselvelctrod'eosn and wes S?ég,g 283a. At

(e e DRty o 1S OIS 6L HES AP vibration g2 Bmbggiect ve

not ches 274 eac P erein e each notch

can reach the input. electrode_271 and - . Jt pyt. el el s 272,
and the input elgﬁﬁroég iélaaﬁ appdLev °§ a P%&%%ﬁ %§I§§FF%HEE§¥ ﬁﬁosed

thereto. In the four-pole-type . . .
common elegtr_odey:{an an eighth embodiment, for illustrating

10 a four-pole-type piezoelecltric'vibration device.

As a quarts plate 1, an AT cut quarts plate to be wbrked

rectangularly is employed, on one principal.plane,'two pairs

 of inpuﬁ and output electrodes, .or a rec.tangular input

electroee 271 and a rectangular output electrode _2_,72, a

15 | reetanguler:input eleetfode 281 and a r'ectarigﬁlar output.
electrode 282 are respectively .forme_d at pr’edetermihed;
intervals. The input ele;trode 2.7_1 end the output electrode

272, and the input electrode 281 .and the output electrode 282

are respectively_ led td_ea_ch coiner_of the quarts plate 1 by

20 outgoing elelc'trod_es 271a, 272a, 28la, and 282a. On the other

hand, on tﬁe other principal-plane, common electrodes 273,

283 are formed respectivel'y so as i_:o be opposed te the input

electrode 271 and the'oufput electrode 272, and the input
electrode 281 and the outﬁut electrode 282, and the common

25 electrodes 273, 283 are led to each corner positioned on each

. 36



pi ezoel ectric vibration device, the common el ectrodes 274, 284
are, .respectively provided with weight reducing "~ portions, thus
| osing the bal ance of the spurious vibration 10 and weakeni ng the

vi bration energy of the spurious vibration : as a whole.

I ndustrial Applicability - "~ As nentioned above, according

to the present 15 i nvention, the piezoelectric vibration device .
utilizing a t hi ckness- 'shear vibration available for communicatidn
devi ces @tagaraljkineef diffedtuars saplaticelli byl outigviiog byectrodes nmking
It possible to restrain influences by a spurious vi bration, and
enhance 273gua2®ia ee At thetpevipheny @0 the coimacacedeicstriodes 273, 25
37 What is clainmed is: 1. A piezoelectric
vibrati opgslpviespettivei ngtéhes 274, 2818cknessoshedrati baahi dephavi ng a
resonant area formed by an input el ectrode, an output el ectrode and

a Commrhhe:?eln tid %‘&Q:'hoﬂétcﬁ herPirkzesl eRE{fpVt Al 1 feVITae 46QNPr i Si Ng:
5 | the output electrode 272, and the input electrode 281 and the
output electrode Z82 opposed th;reto. In the four-pqleftype
piezoelectric vibration device, the common electrodes 274,
284 are reépectively provided .with weight redﬁciﬁg
pbrtions, thus losiné the balance of the spurious vibration
10 and weakening the'vibratibn energy of the spurious vibration

as a whole.

Industrial lApplicability.'

| As. mentioned above, accord;ng to the present
15 | invention, the_piezoelectric vibration device utilizing a

thickne.ss—she_ar-_ vibration available for communication

dévi;es or the like, is effective as a reliable dévice.by

making it po#sible to restfain influences by a spurious

vibration, and enhance 'guafantee aftenuation

20 characteristics.

25
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r
a quarts plate having a pair of pri nci pal pl anes, t he i nput
€l ectrode*and the output electrode di sposed on a principal plane of

e e A i

the common el ectrode disposed dn the'ot'her® prin lTE of the
quarts plate, corresponding to the input rgeéf'ﬁ%rd@/\& EN out put
el ectr ode, What is claiet €sn ei ther a wei ght redudRERYARED ti on Jor a
wei ght 15 adding portion is at least partially drsSpoSed—om=either

peripheral zones ofy thepz ”Bi‘éz@éff&ﬁ?f’@ adh £ SHit H‘é%'lcg uB\il?E?ﬁgr ogle or

a peripheral zone of the conmon el ectrode. I €Zoé€l eCctric

vi bration dewtqﬁcq& %sd'gﬁ%gtrovz.bratlﬁpchggﬁé por %%ﬁglngléher he %ﬁ lg{r]t

reduci ng portion or | spo

portion where naI S vihration
generated in ah lnpu‘éxc?lté){tlagon Gt B (é)‘?ég‘gél %L{:Ewaorgfl n2 deFERCR s
relatiyely gre ter th at_.of a prlncl vi bration., .. 3.
pi ezoel\gect ric e&t&qd%n %E%I deezé’@&(?rcdﬁ Ybbr2§l°n é)%‘r%?n%mmlém t he
each electrode is forned to 38
rectangul ar, and ei& ﬂE?rFﬁé’J\ﬁéﬁE‘gh?W%@Lﬂ:Pﬁérp‘B?thd-rP%rPatlhElanesr wei ght

- addi ng portlon is disposed on_at |east one center of far sides
where the input el éélteréaéuénﬂlﬁﬁér@@l@pmdeﬂé%tqlmt electrodg aigmpasede to
each other, at |east one center of far sides 5 opposite to the
comon el ect r O8ea Ringinadaplabaot shecquatts plate, the input electrode

A

and the output electrode formed close to each other at a
10 regular interval, and
the common electrode 'disposed on the other principal
plane of the quarts platé, corresponding to the input
electrode énd the output electrode,
wherein either a weight reducing portibn or a weight
15 adding portion is at least partially disposed on either
peripheral zones of ‘the input electrode and the output
electrode or a pgripheral zone of the common electrode.
.2. A piezoelectric vibration device ac.cording.to
claim 1, wherein either the weight reducing portion or the
20 weight adding. portion is disposed on a portion where a
vibrational 'energy of a spurious vibration generated in
excitation of the piezoelectric vibration device 1is
relatively greater than that of a principal vibration.
3. A piezoelectric vibration device according ;o

25 claim 1, .wherein the each electrode is formed to be

eet Has Been Re laced

" T



r
the far sides where t nd the out put el ectrode
are opposite to each other as wel| as at Iea center of the

far sides opposite to tmumwmlsﬂm ’u A
pi ezoel ectric vibratio {JH{&S @LrﬁAJS BI‘:‘Y:[I\F ein the

wei ght reducing portion is provided 5.
A piezoelectric vibration device accordi ng to RUAGER, 1 nherein the

wei ght reduci g AYrddPud S a B egaﬁerbzne weight rEQRCANE POEL d&s‘ éff&?@' by

removi ng a whole or a part 0 ctrode cor o0 each

predet er m ned v{%lbgtﬂtp'%d‘alggv?ortloﬁhfs edfs&%c%’&?%n at least cinevﬁterel 3 ?%e

pi ezoel ectric ration ce accordin

wei ght addi ng [ e hat t he
el ectrode may e??(}r %',_?Q att‘ %%% gﬁégt el%?tg%&? ﬁéthggl?t“?t%‘fgrﬁ e?%t %ﬁ |
partially or whol t he el

pi ezoel ectric a\FeoP\éPPEﬁtﬁeW ceé%@(‘}?‘&rmgat:ofea“ one CERLRr10L ¥ élrfi%‘-h
area of the conmon electrode is fornmed to be |l arger than a total
area of the i WRROsdItecttoobihe serimdr elxgtrodewutquuetel east ooee centeheof
peri pheral zone of the comon 39

el ectrode is a&hd efax padesamherper ditieledinpiith ediedigodeheand the ondimiit
reduci ng portion or the weight adding portion which reaches the
common el ect r edeadppoks aeet@nmttmmg:t eekcbcotbde as well aanalttheaoutqna

el ectrode. 5 8. A piezoelectric vibration device according to
claim 1, wher ciemtieheotltdut fodes fdamorpos ideet pribreccpmhoplalectrode.

4, A piezoelectric vibration device according to
10 clain 1, wherein the weight reducing portion is provided
with a notch. | |

5. A piezoelectric vibration device according to
claim 1, wherein the weight reducing porttion is arr._'anged by a
concave portion formed by removing a whole or a part of the

15_ electrode corresponding to each predetermined portion.of
the electrodes.

6. A piezoelectric vibration device according to
claim 1, wherein the weigh; adding portion is arranged so
that a part or a whole of the electrode may be formed thickly

26 or so that resin materia.ls may be paletially or wholly added
to the electrode. |

7. A piezoelectric vibration device according to
claim 1, wherein an area of the common electrode is formed to
be larger than a total area of the input electrode and the

25 output electrode, and the peripheral zone of the common

Sheet Has Been Replaced
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of the quarts plate is thickly f or med. 9. A piezoel ectrlc
Vi brat I on devi ce accordrng—t—e\d_at m 1, wherein the common el ectrode

forned on one | ane of the , ce to 10
times as th| ck a’ﬂ u ﬂ '"mg ode| T8 SHEEToHAD BEEN|lect r ode
f or med on the ot REPLACED 10. '

pi ezoel ectric vibration deV|ce accordlng to ctar T I, wherein the
el ectrode forekectrodeeiprahcilpastpparsialdy profideare %&Mtslphat-‘ethg made .
of gold, silver or a netal material mainly conposed of gold or
si | ver. weight rdducéhg@imansiectad the edighdnaddingepotitiion mhizxh
t hi ckness-shear vibration having a resonant area forned by an i nput

el ectrode, anr@stRes w@lecebhfdt, e Pedf todéliopposite to Eiednpadeeland roge
common el ectrode, the piezoelectric vi bration device conpri sing:

a quarts pl aténﬁaeﬁéteue ARidL e RydeIci pal planes, the input
el ectrode and the outpu el ectrode di sposed on a principal plane of

the qu%rts plate, g25 plezoelQ%trg.r()%f'QtJ\.,ﬁeate%%ég éé@@f@?ﬁ??gge

bet ween the I"'ectrodes, 1n Ich the input elec

t he out put t)ata’ﬁcfrl g&ﬁtg%de E‘ﬁd theectgrr OC{,II‘](}IO Se?il gﬁggrpéj%ﬂrn%lrgpaslp%gtﬁg\éel y

formed cl ose ¢

erva

comon el ectrode di sposed on the other f Ci pa pl ane of the
quarts plate, ©EdeSPEREFRL ' LetPhplitY formed. g ectrode the -out put
el ectrode, and the groundin Jectr

r
ei ther a weight. reduci nf PdrAE eézrizré.cweYJngﬁatlon device accord:‘f\'hs Y

claim 1, wherein the common electrode formed on one

10 principal plane of the quarts plate is twice to 10 times as
thick as the input electrode artd the output electrode formed
on the other principal plane.

10. A piezoelectric vibration device accordlng to

"claim 1, wherein the electrode formed on one principal plane
15  of the qua.r’_cs plate 1is made of gold, silver or_a metal
maﬁe.rial mainly compoé_ed of gold or silver.

11. A piezoeiectric vibration device utiliz;‘.ng a
thickness—shear vibré.tion_having a resonant area fo:;med by
an input electrode, an output electrode, a grounding

20 " electrode and a common electrode, the piezoelectric
vibrat;‘.on device comprising:

a quarts plate having a pair of principal planes,

the input electrode and the output electrode disposed
on a principal plane of the quarts plate,

25 the grounding electrode interposed between the
[

e

e

ect Has Been Replaced
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addi-ng pertion is at | tially disposed on either 10.  peripheral
- zones of ‘the input electrode and the ou el ectrode or a -

t
peri pheral zone of the c1 H”'ﬂl, 12. A piezoelectric
vi bration device accordil mr”!mm”il m 11, MIHIS SHEERI HACREENE Wei ght
reduci ng portion or the ¢ L weignt +addi ng p rtiO”REPLA Eposed on a _
portion where a 15 vi brational energy of a Spteuds—i ationjgenerated -
in exeléeatiomesf tie phezhel et riinpithr allieetrd@e,cetheé output

relatively greater than that of a principal vibration. _ 13. A
pi ezoel ectri cevédrrsdeon adavi tite ageouddnggt electrode CheM Adspabes @Dyt he
each electrode is forned to be 20 rectangul ar, and either the wel ght

reduci ng portfofméd e to each YEhOPLa 2GR aROIA O yd Bs diag0sed on at
| east one center of far sides wheré the input electrode and the

out put el ectrode | t %aﬂ]i t her t t nt er of:
f;r pgi des %%%o%?r?@r?o tﬁe cc%)(%rmcﬁ ec dr)oét}g,thoéral oatlft?ﬁa%l?ﬂg%ggiénter
of 2 the far si.des. where the i.,nput el ectrode gnd the o ut, 41

el ect %’ode ar epeloaprb%sf’tfe)? eeggﬁr%tsheorl : e’vveFPrﬁgsgf’naéagt rl'tf%e%i’lg input

center of the far_sides opposite to the comon el ectrode. . 14.
A pi ezoel ect ISXESHFIILR1 on-fevi RBERREor BFRGEFBAe, and  Ghe gimouRging n

t he wei ght reduci ng portion is provided 5 wi th a notch.

15. A pi ezoel®¥®55©4/ brati on device according to claim 11,

wherein the wei ght reducing portion is _arranged by . ,
wherein e€ither a weight reducing portion or a weight

adding portion is at least partially disposed on eitlher
10 peripheral zones of the input electrode and the output
| electrode or a peripheral zone of the common electrode.
12. A piezoelectric vibration device according to
claim 11, wherein either the weight reducing portion or the
weight adding portion is disposed on a portion where a
15 vibrational _energy of a spurious vibration generated in
excitation of the ‘piezoelectric vibration device is
relatively greater than tpat of a principal vibration. |
13. A piezoelectric-x;ib-ration device according to |
claim 11, wherein the each electrode is formed to be
20 rectaﬁgular, and either the weight reducing portion or the
weight adding portion is disposed on at least one center of
far sides where the input electrode and the output electrode
are opposite to each other, at least one center of far sides
opposite to the common electrodé, or at least one center of

- 25 the far sides where the input electrode and the output

e

as Been Replaced
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a concave portion fommm e or a part of the

.el ect.r odes correspondl H’”ﬂ det erm ned portion of 10 t he

el ectrodes. M& lectric vibration device according to
claim 11, wherein the wei fhte a rtlon |sJ iﬂ§ gTﬁﬂS BEEN that a

part or a whole of the electrode may be formed|thic ¥PL br so t hat
resin materials may be partially or wholly add ACEQ the ¢l ectrode:
17. A piezoel %qteratfro\aéoraa.-fel Q(Q;%Qgi’t&eté‘%%g:rhdb@ﬂe&oas webn asthd! % gren

an area of the common el ectrode is Iarger an a otal
area of the i t n tu r and_t he
peri pher al zo% ttfeeLJ ﬁg %rg%% 9’2#? OPPOSJ' S g & éaés)?g%?ir$83I'I y
provided with eith ucn %tlon or the

th
addi ng portion whi ?{? 2 plef’%%%%%g Jt‘ﬁev&g’ Yo 8ﬁ58§d\t§'§g?ot? he
[ t elect d th |
Ipinggoefegf'r irgc&a&“ht%lcn "@%ﬁ Ty Lrggxtte%:terdgglng RAZhiAm £ \/Rf('é?‘é’rqiﬁ@ he

el ectrode fornmed on one pr|n0|pal pl ane of the quarts

pl ate i5s thi cliiyEl amakeh _ 19. A piezoelectric vibration device
according to claim 11, wherein the common el ectrode fornmed on one
princi pal plane of itShe @uapx-schﬁlm@lrlsﬂmb€attgom deigse agccofding ttw ck
as the input electrode and the output el ectrode forned on the other
principal plaedaim 11, wherein 2he wédightzoedwecing porticat ienadeanged by
according to claim11l, wherein the el ectrode fornmed on one

princi pal a conpbuaqaiftidre fguraetsb pl mémo visngrmdeholegut & paiitvef the a
met al. :

electrode corresponding to each predetermined portion of
io thé electrodes.

16. A piezoelectric vibration device according to
claim 11, wherein the weight adding portion is arranged so
that a part or a whole of the electrode may be formed thickly
or so that resin materials may be partially or wholly added

15 to the electrode.

17. A piezoelettric wvibration device according to
claim 11, whérein an area of the common electrode is forﬁed
to be larger than a total area of the input electrode and the
output electrode, énd the peripheral zone of the common

20 '~ electrode is at le;st éartially provided with eithér the
weight reducing portion'or the weight adding portion which
reaches the common electrode opposite to the input'electrode
and the output electrode.

18. A piezoelect.ric vibratilon device according to

25 claim 11, wherein the electrode formed on one principal
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10 . material mainly conposed of gotd—er—silver. 21. A

i ezbel ectric vibration d t hi ckness- shear '

vi bration havi ng resonant Tm,m [I m}"gﬂ tvvo pairs of input and
rodes

out put el ectrodes and commmn ¢ £ &C é@f
vi bration device conprising: 15 . a quar gg%ﬁﬂ%g B pair of

princi pal planes, the two pairs of put el ectrodes
respectivel y iplcdnelibfigtiee quaptts =104 Ii@d'ChﬂBIdljlrdeﬁdmt el ectrode,
di sposed on a principal plane of the quarts plate in parallel, in
which the input el arode pnélzé&Ee @t et v:LBQatJ.one'&Rﬁid&jeaéESrﬁQh@Edt&| ose
to each other at a regular I nterval, and t he common

el ectrodes di spesed on,t henhotdied Iah_en%&&hon electiidane fokmle gHardse

pl ate, correspondi ng to the respective pairs of input and out put

aleiegm odes, Zrincipal plWARr8ENd IhRirs MR irseéwi'begtggiéi@ﬂné’é &s

ddi t 4 ' |
Jones & t h'eo.r"r?r}sﬁ‘?eﬁep??o & éf%ﬁer‘g%?pao’f‘ﬂh%nﬁﬁ’ng{%%ﬁ%ﬁ%d%r e ®
peri pheral zone gé qﬁ&? ommon e ertro 22. A piezoelectric
vi bration devi®e 3t '5BrfBCIp% p an%ﬂajn121 wherein either the weight

reduci ng portion or_ the ght addi ng portjon is disposed on a
portion where a  20- A\ﬁ%ﬁ%&?%ﬁ%ﬂ‘%ﬁeYerS igns Rvisies ¥FePRELBA to

generated in excitatjon of the glezoelectrlc vi bration device is
claim 11, wherein the electrode formed on one pr:.nc:.pal

plane of the quarts plate_is made of gold, silver or a metal
10 material mainly composed of gold or silver.

21. A pieZoeleetric vibration device utilizing a
thiekness-shear vibration having resonant areas formed by
two pairs of input and output electrodes ~and common
electrodes, the piezoelectric vibration device comprising:

15 a quarts plete having a pair of principal planes‘-, |
the two pairs® of input and output electrodes
respectively including an inpﬁt electrqde and.an output
electrode, disposed on a principal plane of the quarts plate
'in parallel, in which the input electrode and the output
20 electrode are formed close to each other at a regular
interwval, and
' the common electrodes disposed on the other principal
plane of the quarts plate, corresponding to the respective
pairs of inpl..xt and output electrodes,

25 wherein either a weight reducing portion or a weight
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relatively greater than tha a principal vibration. 10 23. A
pi ezoel ectric vibration ' accordng_to claim 21, wherein the
each electrode is forne ﬂ%ﬁl//llw rectapgul ar, and either the weight
Yo
L

reducing portion or the ddi n§ THIS SHEFT HASOREENOped on at
| east one center of ' far %i Hnere {he iWL e ﬁctrod and the
out put electrode 15° are opposite. to each e center of

far sides addingppostient dast e closaen pheeiaduy, é@@patséuea&t eneheenter
of the far sides where the input electrode and the output

el ectrode ar eopipksdt£l t aoRa6h oft e a3 nPAk! A Hrd&ASAnAN&he outpug\e”ter
of the far sides opposite to the common el ectrode. 20 24.7

Pi 208l eCt | Co 1N A OB 08 Hetd pAceRlIL B dr the conmdd YBctTodiierein the
wei ght reducing portion is provided w th a notch. 25.
A piezoelectric vijpyatipn ' di : . ¢l ai mhergin the
wei ght reduci ng pozkrjz';'l onzgi gggﬁ’gﬁgggfg{i vg%rtactloéx c%%%Ja(g/% S‘?Féjrgr}%rﬁ@d by
renoving a whgl e or,.a rt. of th . el ect rode correspondi ng
to each pr edec[q'earl'rﬁ1 fed g’gﬁ‘ﬂeéﬁ ?ﬁ‘gh?r the weight reducingsportion or the g
A pi ezoel ectric vibration devi_%e accordi ng to claim 21, wherein
the weight adtfirfPpofefdAdi OIELRGF sPLEPRSed ony 2 PRrpaPR sfheFawhdl e of
the el ectrode nmay be faorned thickly ., or so that resin material s may
be partial |y GPAAGI98R adeReFIY oL a (SPWRHows e¥ibpakion generated gy A
pi ezoel ectric vibration device according to . Claim21, wherein an
area of the EHFidIRtEIBEL IFde the f hpzPelrrtric  Fihratiayer dewkca tbs al
area of the input electrode and the out put electrode, and the

peri pheral zd&®dadfivedy gorabAr than that of a principal vibration.

10 23. A piezoelectric vibration device according to
claim 21, wherein the each electrode is formed to be
rectangular, and either the weight reducing poi:tion or the
weight adding portion is disposed on at least one center of
fai_' sides where the input electrode and the output ele;trode

15 are opposite to each other, at least one ceﬁter of far sides
opposite to thé commoh electrode, or at least one center of.
the far sides where the inpult electrode and the output
electrode are opposite to each oﬁher as well as at least one
center of the far sides opposite to tfxe common electrode.

20 24. A piezoelectric vibration device according to
claim 21, wherein the weight reducing portion is provided
with a notch. |

25. A piezoelectric vibration device according to
claim 21, wherein the Qeight reducing portibn is arranged by

25 a concave portion formed by removing a whole or a part of the
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electrode is at le Lal | rovided with either the - wei ght
.reduti ng portion o%ort I on whi ch ~ reaches the
comon el ectrode oppc}ﬁm ﬂm”"” | .electrode 15 and t he out put

el ectr ode. . H’MW ectric viibnd isyrrriscoE@esording to
claim 21, wherein the el ecttodk fsormed on one gri nci C | ane of
the quarts plate is thickly forned. ' - 29 %ggnnl ric

vi bration devi di ) . aim.,21 rein_the_co n

el ectrode foreqrr%(ﬁ: %%%%neébq:rte%ia O%%ﬁ'ﬁgncﬁcépa%%ﬁ‘ aﬁ’éeggg?ﬁ’glﬂﬁgr pg r%r“e 95

twice to 10 ti MBS 88ctrod thick as the input electrode and the output

el ectrode forrﬁ?& e Bh' t he ot her princi pal plane. 30. A
i ezoel ectric vibration devjce accordi ng_t S cl.aim 21, erein the

gl ectrode formed o%donep‘prl?lnﬁ%%fec‘:rlc gv:.graglon device acco\z,'\,glng to

45 ) pl ape of the quarts plate is nmade of gold, silver or a
met al Cleddy dl WRPREYDLCHRPILRIRE 3R Paytiagy 1s arranged so 31,
A piezoelectric vibration device according to claim2, 12 or 22,
wherei 8 t he e&blatebemaroe & ywhdemed the rdedrode magchantprmed taridldiy her

t he wei ght reducing portion or the’ wei ght addi ng portion is

di sposed on abr sasthaheresin eratefrials may barpasrtislhese whrd Inpdded

el ectrode and t he out put el ectrode are opposite to each other, at

| east one center thé dlactiodies opposite to the conmon el ectrode, or
at |east one center of 10 the far sides where the input electrode and
t he out put .27. A piezoelectric vibration device according to

claim 21, wherein an area of the common elecﬁrode is formed
10 to be larger than a total area of the input electrode and the
output electrode, and the peripheral zone of the common
electrode is at least partially provided with either the
weight reducing portion or the weight adding portion whi;h
reaches the common electrode opposite to the input electrode
15 ‘and the output electrode. |
28. A piezoelectric vibration deviée according to
claim 21, wherein the electrode formed on one principal
plane of the quarts plate is thickly formed.
29. A piezoelectric vibration device 'according to
20 claim 21, wherein the common electrode formed on one
'principa.l plane of the quarts plate is twice to 10 times as
thick as the input electrode and the output electrode formed
on the other principal plané.
30. A piezoelectric vibration device according to

25 claim 21, wherein the electrode formed on one principal
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el ectrode are opposite—te—eaeh—ethe#-as—melI as at | east one ' center

-of the far sides opposite to the common el ) ' 32. A

pi ezoel ectri ¢ vibrati ogmmu j lmﬂmp to claim2, 3, 12, 13, 22
or 23, wherein the wei porti ONTHIS $HEEY ﬁlﬁgigggnt' a

not ch. A pi ezoel ect Ti ¢ vibratifon de\ﬁlﬁEEAﬁtﬁco ng to
claim2, 3, 12, 13, 22 or 23, wherein the weight YalTell portion

is arranged bPlanQOBEaM@e Rfdr e plateeds ad @B igddd silver oMWiatql a
part of the electrode correspondlng to each” 20 predeterntned portlon

of the electrpdegrial malnl comp%‘éed%?'g‘%?l%?b‘i‘-%ﬂ&ei“ bration device
%,

according to cl al m 13,7 22 or 23, V\/nerel n the wei ght

addi ng pOf%IOﬂ %3%&%%%6%1 h@%bﬁagﬁéh O£§§§Ldlﬂﬁ Lo

el ectrode may be forned or so resin ma er a
35A

b ezool ot i coIRBPLRT S T ?}ége%“h electrodg s, formgd £o BE" |5

13, 15, 16, 22, 23, 25 or 26, wherein area of the comm
electrBde is FEFFBRINS3Be Fafig%“ft‘% %e weight redquging RorLign ke §
el.ectrode and the output el ectr ode, and the peripheral zone of the
common el ect r ¥gd9hs agdipgsportion is dlﬁmseat P} BEoveael W2 IFREHerrk he
wei ght reduci ng portion or the wei ght adding portion which
reaches the céampsides where thecinpwdelgpomideand the qutiput @leatusgte and
t he out put el ectrode. 10 36. A piezoelectric

vi bration devacre appositegta @ach other, atdignst ode genSercof 7Zfanzidey 14,
15, 16, 17, 22, 23, 24, 25, 26 or 27 wherein the el ectrode forned

on one princi pppopliteeto the common electrode, or at least one center of
10 the far sit:les where the input electrode and the t:ut_put:
electrode are opposite to each other as welq. as at leést one

cegter of the far sides opposite to the common electrode.

32. A piezoelectric vibration device according to
claim 2, 3, 12, 13, 22 or 23, wherein the weight reducing

15 portion is provided with a notch. |

33. A piezoelectric vibration device according to
claim 2, 3, 12, 13, 22 or 23, wherein the weight reducing
portion is arranged by a concave portiort formed by removing a
whole or a.part of the electrode corresponding to each

20 predetermined portion of the electrodes.

34. A piezoelectric. vibration device according to
claim 2, 3, 12, 13, 22 or 23, _taherein the weight adding
portioh is arranged so that a part or a whole of the
electrode may be formed thickly or so thét resin materials

25 may be partially or wholly added to the electrode.
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- of 'tlhe quarts plate is thickly forned. 37. A piezoelectric

Vvibration device accordingto 15  claim?2, 3, 4, 5 6, 7, 8 12, 13,
14, 15, 16, 17, 18, 22, 23, c 26, 27 .0r 28, mbe[e|n the
cormon't et e rorres on || WNAEAINE: o i i v
plate is twice to the inpy Pﬂ\ rode |and
t he out put el ect rode for med on the ot her P SRa- 20

AL LN e e
pl ane of th(ca)rl:,figrlf“s\,\(P 3§t§'|€ n@deig ]%3’ 16, zz'g%?d?igglrvgg'o"?h% %ile’?g?lrrpal

mat eri al mai nl osed of gold or 25 silver. 47
a ea g@ the common electrode is formed to be larger than a

total area of the input electrode and the output electrode,
5 and the peripheral zone of the common electrode is at least
partially provided with either the weight reducing portion
or the weight adding portion which reaches the common
 electrode opposite to the input electrode and the output
electrode.
10 36. A piezoelectric vibration device according to
claim 2, 3, 4, 5, 6, 7, 12, 13, 14, 15, .16, 17,.22, 23, 24, 25,
26 or .27 wherein the electrode formed on one principal plane
of the quarts plate is thickly formed. |
37. A piezoelectric vibration device according to
15 claim 2, 3, 4, 5, 6, 7, 8, 12, 13, 14, 13, 16, 17, 18, 22, 23,
24, 25, 26, 27 or 28, wherein the common electrode formed on
one. principal plane of the quarts plate is twice to-l_O times
as thick as the input electrode and the output electrode’
formed on the other principal plane. |
20 38. A | piezoelect.ric vibration  device according to
claim?2, 3, 4, 5, 6, 7, 8, 9, 12, 13, 14, 15, 16, 17, 18, 19,
22, 23, 24, '25, 26, 27, 28 or 29, wherein the electrode
formed on one principal plane of the quarts plate is made of

gold, silver or a metal material mainly composed of gold or

/:

25 silver. ' /
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