‘L DESCRI PTI ON Pi ezoel ectric Vibration El enent *159159* *@00002* 5
Field of the Invention The present invention relates to a piezoelectric
yibration el enent relating to thickness node such as piezoelectric
.Vvibration elenment and piezoelectric fifiter in which the overtone node i s
the main vibration. 10 Background of the Invention As a pj ctric
vi bration el enment (hereinafter sinply referred to as PVE Bh H',M'maves
. Whi ch are waves propagating in a BESQRIPAIIQN, the PVE u
source for various el ectronic appliances 15 and the piezoelectw%@*fllter
used for frequency extraction of comunication appliances are known. In
the recent trend of higher density, higher speed and larger capacity in
el ectroni r ENGH region used in such fted
to the h.%ﬁ%giér@gﬁfﬁ’%?% 8fn Egg’ the vi bration node, tlmmwmw&m
vi bration such as thickness slide direction and thlckness *G00002*

5 Field of the Invention
The present invention relates to a piezoelectric vibration
element relatihg to thickness mode such as piezoelectric vibration

element and piezoelectric filter in which the overtone mode is the main

)
vibration.
10
Background of the Invention
As a piezoelectric vibration element (hereinafter simply referred
to as PVE) using bulk waves which are waves propagating in a solid
matter, the PVE used as clock source for Various ele'ctronic-appliances
15 and the piezoelectrié filter used for frequency extraction of
communication appliances are known.
)

In the recent trend of higher density, higher speed and larger
capacity in electronic appliances, the frequency region used in sﬁch
PVE is shifted to the higher frequency side.  As the vibration mode,

20 the thickness vibration such as thickness slide direction and thickness
longitudinal direction is often employed. However, since the
resonance frequenecy of the PVE using the thickness vibration is
inversely proportional to the plate thickness of thé element, thinning of
element plate is indispensable for heightening of frequency. In the

25 element thinning process, the element machining method must be



‘longi tudinal direction is often enployed. However, since the resonance
frequency of the PVE using the thickness vibration is inversely
proportional to the plate thickness of the elenent, thinning of elenent
plate is indispensabl e for heightening 2f frequency. In the 25 el ement

t hi nni ng process, the el enment nmachining nethod nmust be 2 determned in
consi deration of the nmechanjcal strength of the_ piezoelectric materjals,
machi ni nglateeniigiedn quchonsiderasidr| pEmtbe mlegshanipakbkatrengihy of the

di stribution within the plane, and reduction of cost. In an ordinary

net hod, tfiezbélctriel mphtédald)i ekacksmialy prezdsbactsuch asmatamlhllisim afout
50m Converting this value of plate thickness into frequency, in the case

of vibratjage ¢hilIoNES! a AR tYAMAIFR APt ESH e Phide tded rBUUCBRISOf cost.

_longitudi'nal vibration of fast vibration transm ssion speed is used, the

upper limt of ¢ Lbratl fregu [ t : D af a
hi gher f @q&@hcof!a??%iéyo@gg;gggé ﬁn%dg%)srt 1% Bg?g(}ij&élégk%%%? (%f';,}ﬁ?ﬁ%eq‘%g@ré ength
in the thickness .directi is (2n+l)  ti .(n _heing. a, nat ur.ak nunhber) of
the | BrednabeTial W%gﬁﬂ%he%%@w}g@ﬁ%|‘S?ti}18f%rP’ea&et @“&i‘nfémn.t%
Herein, the LOMMis often the first-order, pode usually having hal f

wavel engtfiientienss, ini theccase gf rebradipn of Jewesk q3des; Wave, n%q’f&’pﬁl"ﬁ’rli zed
“inverted layer forming technique of lithiumniobate is disclosed in
‘Japanese whed- ophe Pahinkndds. d8ngdtdiad]l awdbratdodi r oft feidi ngbratibni que
of piezoelectric single crystal substrate is disclosed in "Variable '
Property tganshdissies @pakdris Wed, AHecahpBenimig ol ehbriibuation frelehcy is

UI} rasoni cs Synposium pp. 897- 20 900, 1996.
about 70 MHz. In the case of a higher frequency, the overtone mode is
10 obtained, that is, the wavelength in the thickness direction is (2n+1)
times (n being a natural number) of the lowest order wave mode
(hereinafter simply referred to as LOWM). Herein, the LOWM is often
the fi-l;st-order mode usually having a half wavelength in the thickness
direction. -

15 | As the prior art, the polarized inverted layer forming technique
of lithium niobate is disclosed in Japanese Laid-open Patent No. 63-
311808, andlthe direct bonding technique of piezoelectric single crystal
substrate is disclosed in "Variable Property Crystal Resoné.tors by
Difec_t Bonding Techniques"'ih IEEE Ultrasonics Symposium, pp. 897-

20 900, 1996. |

In a structure in which the axis of polarization is inverted in the
center of the thickness direction, the LOWM may be a second-order
mode having one wavelength in the thickness direction. That is, when

the LOWM is first-order, the overtone mode is third-order, fifth-order,

25 seventh-order, and so forth. When the LOWM is second-order, the



*In a structure in which the axis of polarization is inverted in the center
of the thickness direction,- the LOAW nay be a second-order node having one
wavel ength in the thickness direction. That is, when the LOMIis
first-order, the overtone node is third-prder, fifth-order, 25 _
" seventh-order, and so forth. Wen the L I s second-order, the 3 overtone
node is sixth-order, tenth-order, fourteenth-order, and so forth. However,

even wheng{fetoneeithode odsixth-oséelr, teatk-ordlean foueWéérthiordekrovarid espiency
side. Accordingly, if suppression of LOMis inperfect, the oscillation

frequencygsmay, | UM wilvei h@&elg gm%mb Bésfﬂd ggagéf% AGeH! tHbrdNis an

oscillation Circuit using a rein, or suppreSS| ng the LOMW

i ncl ude: od, of, su the by f

vsci |1 ot GO BMo e thE TRE"iEREReL0%, pigts abiddinbifot AHRA ok, of
utilized; _and 10 A [rethog of suppressi ng LOWM by materjal or structure
of the PUOWMeippimper ?Ctsuﬁgﬁe§§f3 !;afilﬁé LEReNOYCEi AN tJUBRf |°§ut°§ﬁ?5n

i ncl udes the overtone node oscillation circuit. In this circuit, an LC

r esonance abinoruial oscitksitionm ayapemin in ansoscidlation cireuissesingaa i BWEei r cui t
15 used in the LOAMM By adding this LC resonance circuit, it is designed
‘to tune in the Heeinf nsetlesds dor superessimk. theillOX M incluide: over t one

node. As other circuit configuration, the sane operation is possible in a

Col pitts oscillat aieﬂlfddmftgwgtéé@hg tK IOWME berciRanit cohfigimaivh &f
suppressing the . LOM by the 20-PVE itself includes a nethod of selecting

fHCh a pi gzeAl£GbY EirdR e drPthe like, so that a desired order number may be

1

Ay

utilized; and
10 A method of suppressing the LOWM 'by material or structure of
the PVE. |
The method pf éuppressing the LOWM by circuit configuration
includes the overtone mode oscillation circuit. In this circuit, an LC
resonance circuit of coil and capacitor is added to the oscillation circuit
15 used inthe LOWM. By addingﬂ this L.C résonance circuit, it is de;signed
to tune in the mode of a desired orde1_', and oscillate in the overtone
mode. As other circuit configuration, the same operation is possible in
a Colpifts oscillator using transistors.
On the other hand, the method of suppressing the LOWM by the
20 PVE itself includes a method of selec'tin.g such a piezoelectric material
that the L-OWM is hardly excited as compared with the ovértone mode,
and a method of suppressing the LOWM by the struéture of the
vibrati.on element.
In the PVE or piezoelectric filter, it is sometimes required to use

25 a specific vibration mode such as thickness slide vibration and



‘that the LOM is hardly excited as conpared with the overtone node, and a
nmet hod of suppressing the LOM by the structure of the vibration elenent.
Jn the PVE or piezoelectric filter, it is sonetinmes required to use 25 a
specific vibration node such as thicknedgs slide vibration and 4 thickness

| ongi tudi nal vibration in a specific piezoelectric material. |In such a
case, when an excitation electrode is formed partially on the PVE

pri nci palthigkhage, longitudiamaluvibmatiomhdnyiabspecific epigzpeleetrionmiatedialon| y
underneath the excitation electrode. Such phenomenon is known 5 as energy
confi nendii suchixltabas wieem sapexiciiatadh yelaottoteds Hgrmshbekiréinllypanthand
ot hers. The energy confinenent is described below by referring to the

secti onal pyEepriticipB® siy¥fatd) #tii@ kBowhStaPtHe vibraitibn 8nePPRAoTiAEE
cut-off frequency Iin a certain portion of an excitation electrode 8 to be

F O, an e - r.equ ' 0 r rijQn: 0

" Orn Ehieiltaugtbrfieath THE RGN atld BEeAFOak) BRER PEEMBAAN i Retfu |

freely propagates a vihration, el eqen 7. Even underngath the excitatjon

el oot Bodda® | PRCT £ GRRE BBt ol BiF by 3 SPAPRorRAFHELY 1 BRBsed b a

frequency Iar]gér than F,. 0 and smaller than F O ', the vibration energé

pr opagat e2heeklayy Vgami mrdrethersor Tihen earengye condinemesyt &5 cdesydbed. | n

the non-el ectrode portion, however, the vibration ene'rg[}/. at tenuat es

exponent i la¢low byTtedeefiorgto the sscticnaloviedv oxfl theeBYHE inskigvd.| eAsahayonng

toward the PVE end portion. As a result, the vibration energy is

concent r afreFignelyr stipposiegt e wutedbffcirafendedand ecartuin porpicar ofl gatric

mgterial, 20 however, not satisfying the condition of energy confinenent of

LOM excitation electrode 8 to be F 0, and the cut-off frequency in the non-

10 electrode portion to be F 0'. In this case, at the frequency larger
than F 0', the vibration energy freely propagates a vibration element
7. Even underneath the excitation electrode, its frequency does not
form a stationary wave. However, at a frequency larger than F 0
and smaller than F 0', the vibration energy propagates freely in a

15 certain portion of the excitation electrode 8. In the non-electrode
portion, however, the vibration energy attenuates exponentially.
Therefore, the vibration displacement is smaller as going toward the
PVE end portion. As a result, the vibration energy 1s concentrated
near the excitation electrode. Depending on the piezoelectric material,

20 however, not satisfying the condition of energy confinement of LOWM,
the condition of energy confinement is satisfied in the overtone mode.
In this case, too, the mode to be excited most is the third-order overtone
mode having a wavelength of three times in the thickness direction if

the LOWM is first-order. Such materials include piezoelectric

25 ceramics such as lead titanate material, lithium niobate 36° rotation



‘I the condition of energy confinenent is satisfied in the overtone node.

In this case, too, the nbde to be excited nost is the third-order overtone
Jhode having a wavel ength of three times in the thickness direction if the
LOM is first-order. Such materials inclkude piezoelectric 25 ceram cs such
as lead titanate material, |lithiumniobate 36 rotation 5 Y-plate, and

| it hi um ni obate Z-plate. Using these materials, the PVE wusing the

t hi cknessYimdadet adidnbkhivmnr diabater ZepbatteoneUside the sedmateopels, phacPVERI | y.
However, even if using a piezoelectric material of which LOM does not
satisfy tisingondhéi aphithhesserion Goallingerhird oz deRt hodeond! | Midgddg ik he

overtone node stably is disclosed. (for exanple, "Thickness |ongitudinal
node t hi rglsy ' i b i ' L Qs Y-
e U e IBed SARILALY! DI R veE, BOepLITBOR R, plokIbOn Y pibotfia)

[ I On . - . . 3 , . Th hod
o sel oscdbt REESH QORGSR pebdaitsctho cBpaeh o ierad ol diEnsce
[ [ : d d h [ PVI t LOWM
xci 1 1 ReEhPfi & BhiZnedhe ARERLARS RBode stabberscipelossi diparxarmbls oh

LOWM satisfies the energy confinenent_ condition, such as crystal AT plate,
there is "Zhiekness dengifudinale modet sherdmadest i ympnier vikratost using
circuit 15 configuration. In this nethod, it is required to suppress the
LOM by LiNb&Xd (88 Ur erotatibe R/plafer paxliphed iy Jekirmplusé Bbcidty of
difference in the degree of energy confinement between the LOM and

Sy o Aot Maaladab asesCoantsideist MASUOLD, Sarepipp
' 357-364, 1998). The method disclosed in this literature requires
10 optimization of dimensions of excitation electrode and holding method
of PVE so as to suppress the LOWM excitation sufficiently.
Or, when using a piezoelectric material of which LOWM satisfies
the energy confinement condition, suqh és crystal AT plate, there is a
method of using-the overtone mode stably regardless of the circuit
15 configuration. In this method, it is required to suppress the LOWM by
the structﬁre of the PVE. For example, by makipg use of the
difference in the degree of energy confinement between the LOWM and
overtone mode, an element forming an electrode olf a certain mass near
the PVE is known (for. example, "Third-order overtone mode cr&sfal
20 vibrator suppressing fundamental wave mode (EFD vibrator)" disclosed
in Toyo Communication Equipment Technical Bulletin No. 42, pp. 1-7,
1998). This principle is explained by referring to Fig. 9. Fig. 9 shows
results of calculation of the relative displacement of LOWM and

overtone mode in the PVE longitudinal direction. In the diagram, the

25 axis of abscissas denotes the distance from the central part of the



“20 vibrator suppressing fundanental wave node (EFD vibrator)" disclosed in
Toyo Communi cation Equi pnment Technical Bulletin No. 42, pp. 1-7, 1998).
This principle is explained by referring to Fig. 9. Fig. 9 shows results
of calculation of the relative displaceent of LOWM and overtone node in
the PVE |ongitudinal direction. In the diagram the 25 axis of abscissas
denotes the distance fromthe central part of the 6 1) vibration elenent to
t he out er vibhratioherlenent tarthet trateaxeircomfiprdneat ead theredamiondinates
relative displacenent supposing the vibration displacenment in the center

of the PVEepfedenth Itheei paldtive tQispladeamram isnppaisieg t hber evHinatéon

di spl acenent profile. As nentioned in 5 Fig. 8, by making use of the energy

confi nemegi, ltaré%xﬂédxl?f atd GhestRWief ofitHES PVEl tyaye undeHregeihafte®, this
- excitation erfectro e. In the non- electrode portion, the vibration -

- di spl acengnt _attenuat n Lal | v o ' posj . .

di spl acegah?g’bq‘mt e c&?@%ﬁrﬁﬁgc‘gﬂ&w% élﬁ%la%,eﬁk(%%t %rrg?%ig i veAgighslIf)pgl(:oélﬁaednil n
profile of .the PVE having a set of electrod 10 bec s smaller as _goi ng
avay 19 omFifie Bo it AL BRBVEE ThF ERSTEY CONTHRETRNLG BEIERTAIEM SHOMhofe | s
superior in energy confinengnt than the LOM  Therefore, the vibration
di spl acemsimussidale wawe qusdgsneath ethonexeisation elestrqdst ednmibel pon-
underneath the excitation electrode. As known herein, however, the LOMis
| arge -i neléetrbdevpartaonothdisibratimedisplaceneembatts weateiexponensialland
the attenuation is insufficient. In the piezoelectric vibrator showm in
Fig. 10AInlPid, 91 beppbbimg ithe diisphhenaenntofothd EWthient/cenger tanle tlhe¢heass

6f) the electrode 9 and others is added to the region in which the
' relative displacement profile of the PVE having a set of electrodes
10 becomes smaller as going away from the center. As shown in Fig. 9,
the third-order overtone mode is superior in energy confinement than
the LOWM. Therefore, the vibration displacement of the third-order
overtone mode is distributed mostly underneath the excitation
electrode. As known herein, however, the LOWM is large in the
15 vibration displacement in the non-electrode portion, and the
| attenuation is insufficient. In the piezoelectric vibrator shown in Fig.
10A, 10 B, the vibration displacement of LOWM is large, and the mass
of the electrode 9 and others is added to the region_ in which the
vibration.displécement of the overtone mode is almost 0, that is, in the
20 periphery ofthe PVE. In the piezoelectric vibrator of this constitution,
by lowering the cut-off frequency of the LOWM in the portion of the
electrode 9, the vibration displacement of the LOWM is propagated to
the outer circumference to leak the vibration energy, thereby
suppressing the excitation level of the LOWM.

25 When using the overtone mode by the circuit configuration, as



*vibration. displacenent of the overtone node is alnost O, that is, in the
20 periphery of the PVE. In the piezoelectric vibrator of this
constitution, by lowering the cut-off frequency of the LOM in the portion
“of the electrode 9, the vibration displfacenent of the LOAM is propagat ed
to the outer circunference to | eak the vibration energy, thereby
suppressing the excitation level of the LOM 25 Wen using the overtone
node by tgenyparad twithnthgucadd of, using’ thenp£) WMwitite fodowasg prokleimg t he
LOM the follow ng problens were involves, that is, The nunber of parts

I s I ncreagathe MAedlvas, €Rht 9sand capacitors; It is difficult to formin an
| C because coils are used; and 5 1t is difficult to realize an

adj ustnent - free ] W&f OF pats'iB i&\'&?eﬁé‘é&, ShcHShs £6i1BiR7PRABAETtOSS;

material of whic sati'sties the energy confinement condition in the

VE, Y he LOW [ [ yel, .| | h h
of 1 he over tone 1t biTBRRRE iR R B0 TE etulft A Einre BRI Tom

is known 10 to nake use of the difference in degree of energy confinenent
bet weed t he LOl\MlﬁrdﬁgGEitt B‘P\ée?ri)‘&é.aq‘t@iddu%meﬂ%éﬁ}?@dc%‘?sr}éﬁgﬁﬂ&' an

el ectrode of a certain mass in the PVE peripheral area in the region_. where
the vibration di@plincenewasefof mseLa\piezoelectricamatental of prhichokOWM

di spl acenent of the overtone node is alnost 0. In this case, 15 the cut-off
frequency wftisfies R¥e prer pyaocalfing@e ntscabditgen iduehe PVExiamt oratéer of

el ectrode materi.all or change of -interface of electrode film By this

chonge ! g BONNE Al o B i e oo

' mode. Accordingly, as a method of suppressing the LOWM, it is known

10 to make use of the difference in degree of energy confinement between
the LOWM and overtone mode. This is a method of adding an
electrode of a certain mass in the PVE peripheral area in the region
where the vibration displacement of the LOWM is large and the
vibration displacement of the overtone mode is almost 0. In this case,

15 the cut-off frequency of the PVE peripheral area is changed due to
oxidation of electrode material or change of interface of electrode film.
By this change of cut-off frequency, the PVE by this method is unstable
in propagation amount of vibration energy, and lacks in long-teim
reiiability. |

20 Or if the piezoelectric material of which LOWM does not satisfy
the energy confinement condition is used in the PVE, in case of an

insufficient suppression of LOWM, the PVE may induce oscillation

frequency jump or other abnormal oscillation.

25 Summary of the Invention



‘reliability. 20 O if the piezoelectric material of which LOAMM does not
satisfy the energy confinement condition is used in the PVE, in case of an
dnsufficient suppression of LOMW the PVE may induce oscillation frequency
junp or other abnormal oscillation. 25 Summuary of the Invention 8 The
“invention is intended to solve the problens of the prior art, and it is
hence an object thereof to present a PVE capable of @ suppressing the. LOAWM
efficiently an®Thalirowirtgondsuinitended te solee thaeproblesnstaftihe priomwmast.of a
pi ezoel ectric material of which LOM satisfies 5 the energy confinenent
condi ti ongpandtaligohexee! lagnt objectorberedbM to eprabent t y EVEUsmpdisle of

vi bration el enment part and vibration propagation part are nade of sane

material . sﬁgg%gg%i gtﬁ@qigvmhfﬁ&gﬁt{iy%ﬂa d16wi AperY ueilisothel S8Srtond) 2

vibratione re,: a vi on propagation part made -of a sane

material with a egt er .t hickne an.. | t r.d
groove di %@%ﬁt?ﬂ&tﬁlénﬁgﬁn a?y?gioé]%c%@%cglﬁ 3;6 ngr’]aale f;?r%ﬁtk ﬁ"%gtrvyﬂlg%étm@esa
vi bration propagation part, d). excitation el ctiodes- copfrontin th% face
side apd Bhekeyeasy ofonpnemment ¢oREIYANe| 2RENE ?)%r?’,‘cgif’ng WnfrRg TR
el ectrode disposed in the vibration propagation part, and f) an .external
| ead- out ekbiahility cbeeawsed tieectiibzation : @lementomakt | k| sdbration

propagation part are made of same material.
To'achieve the objéct, the PVE of the inventilon comprises:
a) a Yibration element part,
10 | b) a vibration propagation part made of a same material with a
greater thickness than the vibration element part,
¢) a groove disposed in the boundary of the vibration element
part and vibration propagation pax_‘t,
d) excitation electrodes confronting the face side and back side of
15 the vibration element part,
e) a connection electrode disposed in the vibration propagation
part, and
f) an external lead-out electrode copnected electrically td the
connection electrode. |
20 The PVE having such constitution ma.inly vibrates in the
overtone mode of which wavelength in the thickness direction is (2n+1)
times (n being a natural number) of LOWM when the LOWM is first-
order or second-order.
In this constitution, the PVE of the invention brings about the

25 following two effects:



"20 The PVE having such constitution mainly vibrates in the overtone node
of which wavel ength in the thickness directionis (2n+l) tinmes (n being a
natural nunber) of LOM when the LOM is first- order or second-order. In
this constitution, the PVE of the inventd on brings about the 25 follow ng
two effects: 9 An effect of |eak of vibration energy of LOAMM t hrough the
vi hration propagation part; and An effect of increasj e resonapce

i npedance by di Anuefferd of htealkesufnanibration eRALEY tqfe?-&%HMtt olglhe the
vi bration occurring in- 5 the groove portion induces an undesired.

vi br at i onviluitign tpropleeadionvwp aftf @atds, the PVE of the invention is: 1.
Capabl e of suppressing the LOM efficiently if using a piezoelectric

material of whiah L@t intiamsinpetkocrdionandd tepyiane®tdi disnirbiig?.
Excellent in long-termreliability because the vibration elenent part and

vi brationept QRAGRARKAR SELOWM JIPfRe YoffetBUow aWRI6f Yibrafidd cecriifhgdncd

in the nuifbér "0f "parts because a tuning circuit of coil and capacitor is

not needed in the oscil.lat.ion circuit.,15 The .ratito 2h/ H, where h is the

depth Bf PRE EFoSELITHoRInARGEs AR FREeTHEL VIR ¢l enent part and

vi bration propagatjon part of the PVE of t | nyention and H.is the

thi ckness of th W’r%&?it@ﬁseeqwgfecﬁérF,Lei]gsgle#ﬁgﬁ Wy eRFI9OPISor | ess. The

main vibration of the PVE of the' invention is the thickness . '
1. Capable of suppressing the LOWM efficiently if using a

piezoelectric material of which LOWM satisfies the energy confinement

SN

o

condition;

10 2. Excellent in long-term reliability because the vibration
element part and vibration propagation part are made of a same
material; and

3. Decreased in the number of parts because a tuning circuit of
coil and capacitor is not needed in the oscillation circuit.

15 The ratio 2h/H, where h is the depth of the groove in'the
boundary of the vibration element part and vibration propagation part

b of the PVE of the invention and H is the thickness of the vibration
element part, is defined to be 2/3 or less.
The main vibration of the PVE of the invention is the thickﬁe’ss_

20 slide vibration, and the vibration element part and vibration
propagation part are integrated onmly in the vibration propagation
direction.

The vibration propagation part of the PVE of the invention is
formed by applying a vibration-absorbing material on its outer

25 circumference.



‘20 slide vibration, and the vibration elenment part and vibration
propagation part are integrated only in the vibration propagation
direction. The vibration propagation part of the PVE of the invention is
.fornmed by applying a vibration-absorbingDmaterial on its outer 25
circunference. 10 | The vibration-absorbing material of the PVE of the
I'nvention is a conductive material. The vibration propagation part of the
PVE of the inveBheovibrasionrabsppbing imaterial ofwdye PVE ofrthmihventiomens 5
The vibration elenent part of the PVE of the invention has at |east a pair

of input gleadndtvensdatastipt el ectrode at one side of its principal
pl ane, and a groundi ng el ectrode at other principal plane. Brief

Descri ption of ' BicOt1 | oSet i Heew in an
Crpoe huntTof (6 FBMATSE pRbgRoigfy S pERTY ye oo Rl

pi ezoel ecf i | ' [ | 1A. Fig. 2A is a diagram
expl ai ni né{la&?éég?ﬁ/ggg} g%ﬁggg%%nﬁpgﬁg}f]iﬁeﬂﬂoefg‘n' 15 LOM and t hird-order
overtaone node of,, t he, .PVE.nade of a single I Fi 2B is sectional
Viow & the PVETBRONIPRATioR Slesmentmarizot phe P E.f Theckn epfiot has at
rel ative displacenent profile of LOM and third-order overtone node in an
i nt egr at eleastr acpaireobfinput electrode and output electrode at one side of its

principal plane, and a grounding electrode at other principal plane.

Brief Description of the Drawings
10 Fig. 1A is a perspective view of a PVE in an embodiment of the
invention. |
Fig. 1B is a sectional view of a piezoelectric vibration element
shown in Fig. 1A.
| Fig. 2Ais a diagram explaining a relativé displacement profile of
15 LOWM and third-orde~r overtone mode of the PVE made of a single
plate.
Fig. 2B is a sectional view of the PVE shown in Fig. 2A.
Fig. 8Ais a diagram explaining a relative displacement profile of
LOWM and third-01;der overtb_ne mode in an integrated structure of
20 vibration element part and vibration propagation part. |
F1g 3B is a sectional view of the PVE shown in Fig. 3A.
Fig. 4A is a diagram explaining a relative displacement profile of
LOWM and third-order overtone mode in an integrated structure of
vibration element part and vibration propagation part of the PVE

25 having a groove in the boundary.



‘20 vibration elenent part and vibration propagation part. Fig. 3Bis a
sectional view of the PVE shown in Fig. 3A. Fig. 4A is a diagram expl aining
.a relative displacenent profile of LOM and third-order overtone node in
.an integrated structure of vibration éllenent part and vibration
propagation part of the PVE -25 having a groove in the boundary. 11 Fig. 4B
'is a sectional view of the PVE shown in Fig. 4A Fig. 5A_js a diagram

expl ai ni ng t he Fig. 4B dn seecidenal Wéeﬂ’e‘bﬁ Fh@fPVEh%h%W&thng-zéé-groove and
the size of the relative displacenent of the PVE. 5 Fig. 5B is a diagram
expl ai ni ng t he KigptiA of atdia gyhandxpdaned g thooehtibnthedtwddn tike gepbh dfs a
perspective view of a piezoelectric filter as a practical exanple of

enbodi mengh s ind #edizedeRtd e afidbhdSideSoPtiseebl Digk d/iisPWi&fI_nbhe oP¥Eeshown
in Fig. 6A. 10 Fig. 7Ais a perspective view of a piezoelectric el enent

i nverted P'?Jthe axi s of polarization in the center of the thickness
direction of " lithiumniobate Z plate as a practical exanple of enbodi nent

3 of the invention. Fig. ZB is a secti.onal wmiew of .the. .PVE shewn.in .Fig.
Ta 1B Fig b g B andteriad SEPlRe. e et AT Rugiitatddd
confinement type PVE']%,EE . 9 1is a diagramexplaining a relative

di spl acer@fﬁo"pﬁef the LOMW and third-order overtone node of the PVE

shown in Fig. 8. Fi % 10A is a diagram showi ng a npode of vibration energy
' Fig. 6A is a perspective view of a piezoelectric filter as a

. practicé.l example of embodiment _2 of the invention.
() Fig. 6B is a sectional view of the PVE shown in Fig. 6A.

10 Fig. 7A is a perspective view of a piezoelectric element inverted
in the axis of polarization in th<_a center of the thickness direction of
lithium niobate Z plate as a practical example of embodiment 3 of the
invention.

 Fig. 7B is a sectional view of the PVE shown in Fig. 7A.

15 Fig. 8 is an explanatory diagram of a conventional energy
confinement type PVE. _

) Fig. 9 _is a diagram explaining a relative displacement profile of

LOWM and third-order overtone mode of the PVE shown in Fig. 8.

| Fig. 10A is a diagram showing a mode of vibration energy

20 propagation of the LOWM of the same. |

Fig. 10B is a diagram showing a mode of vibration energy

propagation of the third-order overtone mode.

Description of the Preferred Embodiments

25 First Exemplary Embodiment



*. 20 propagation of the LOM of the sane. Fig. 10B is a di agram show ng a
node of vibration .energy propagation of the third-order overtone node.
Description of the Preferred Enbodi ments 25 First Exenplary Enbodi ment 12
_Referring now to the drawi ngs, the PVE ggcording to a first enbodi ment of
the invention is described bel ow enbodinment As shown in Figs. 1A and 1B,
t he. PVE of the enbodi nent conprises: 5 a) a vibration elenent part 1, b) a
_vibration propaBaferringamov? toadheofilrawinge, theeBBE aiccordingyriwavefirst

t hi ckness than the vibration elenent part 1, c) a groove 6 disposed in the

boundary ginBéEinvéRt afithe ielva¥Ribn iBaddsckilset belewat i on propagation part 2,
10 d) excitation electrodes 3 confronting the face side and back side of

the vibration ehRmmowld'in Ipif. 3 MMECIBOGIR PYEAF 4hdl Hhitbedimarine
vi bration propagation part 2,°and t) an external |ead-out electrode 5
connected el ectrically to the 15 connection eléectrode 4. The vibration
el enent pﬁpfnarlﬁﬁﬁf vi bration propagation part 2 are conposed integrally
t hrough the grooye 6, The excitation electrodes 3 are electrically
connec®ed to thd) GokHuAtoR elpmaniopar 1, di sposed in the vibration
propagation part 2 through the external

- b) a vibration propagation part 2 made of a same material with a

greater thickness than the vibration element part 1,
( . ;:) a groove 6 disposed in the boundary of the vibration element
) part 1 and vibratién propagation part 2,
10 d) excitation electrodes 3 confronting the face side and back side
of the vibration element part 1, .
e) a connection electrode 4 disposed in the vibration propagation
part 2, and
f) an external lead-out electrode 5 connected electrically to the
15 connection electrode 4.
The vibration element part 1 and vibration propagatibn part 2
) are composed integrally through the groove 6. The excitation
electrodes 3 are electfically .connected. to the connection electrode 4
di.sposed in the vibration propagation paft 2 through the external
20 lead-out electrode 5.

The PVE having such constitution is described below. The
following example relates to a PVE of which main vibration is the
thickness slide vibration, using a crystal AT plate with a plate
thickness of 120pum in the vibration element part.

25 In the constitution shown in Figs. 1A and 1B, the vibration



‘20 | ead-out el ectrode 5. The PVE having such constitution is described
below. The follow ng exanple relates to a PVE of which main vibration is
the thickness slide vibration, using a crystal AT plate with a plate

- thickness of 120min the vibration elengBt part. 25 In the constitution
shown in Figs. 1A and 1B, the vibration 13 energy is confined. underneath
the excitation el ectrodes 3. However, the degree of attenuation_of '
vi br at i onediesgy deecanfinddeundeznengh thoexciatian ekaséradenot. odlgweNerhe
size of the excitation electrode 3 but also on the mass of the excitation

el ectrodetBe dBpr&s ol eittbhaabiomssf ofibiheiozx adisplacemalrec duoel et o3 e drgy
| arger is the attenuation of the vibration displacenent. On the other

hand, if tpg irfﬁﬁﬁeﬁf &Berigefn(fo‘lé(?xio‘taéﬁﬁnoﬁ| 6154 1695 oF {ife leqeilation, eletbrode 3

excitation eFectro e arge "mass beconmes a | oss conponent for

I mpedi ng the vjbrati | .t : | ' ec : rge
mass i s o:t?éﬁo?'ist%ghf g@?ofrﬁzdsgo!r’)’??gei ﬁ%?%tng%c%lﬁg&r(&bo?énc?@ é%ggélé.atﬂea
Therefore, the itatign,. el ectrodeg 3,i nerall. : i

si | verdor Dy8f% o‘gﬁ%teh%xﬁ’%ﬁtm& © %‘Ftﬁgﬁep?aihg 156&#‘ %%%gagwgpﬁ)éﬁtgﬁds
of angstrons. Supposing to use gold as the terial, fqr e excitatjo

el ect r ode vibnatiga fdiﬁpg%\ﬁ%eéiéarrp@} Bae e?&ﬁght li‘@rﬁ‘del &kt %ﬂﬂen&ﬁssso the
angstrons in 15 thickness is formed on the face and back side of the PVE
princi pal epcitetion dlestmate 8ris Byo laygef themxaitatinn elegtroge shefa darge
constitution of . PVE not suppressed in the LOM This PVE is a conpletely
flat singhgs®haebmds @ lodfconpundiefocimpedéndithel vitamtionpr s heeshlt, O

aan third-order overtone node of the _PVE in Fig. 2B. In Fig. 2A the
the excitation electrode 3 of a large mass is one of the factors for
10 increasing the resbnance impedance. Therefore, the excitation
electrode 3 is generally formed by applying silver or gold on the PVE

principal plane by about hundreds to thousands of angstroms.

| Supposing to use gold as the material for the excitation electrode,
in the following example, an excitation electrode of 3000 angstroms in
15 thickness is formed on the face and back side of the PVE principal plane
in its center.. By way of comparison, Fig. 2B shows a constitution of
b PVE no't‘ suppressed in the LOWM. This PVE is a completely flat
single plate. Fig. 2A shows the relative. displacement profile of LOWM
and third-order overtone mode of the PVE in Fig. 2B. In Fig. 2A, the
20 axis of abscissas denotes the distance in the vibration propaggtion
 direction from the center of the PVE 10, and the axis of ordinates
represents the relative displacement supposing the displacement of the
LOWM and third-brder overtone mbde of the PVE 10 in the center to be

1 respectively. By the energy confinement phenomenon, the vibration

25 displacement attenuates as going toward the end of the PVE. However,



'20 axis of abscissas denotes the distance in the vibration propagation
direction fromthe center of the PVE 10, and the axis of ordinates
represents the relative displacenent supposing the displacenment of the

_ LOM and third-order overtone node of tlde PVE 10 in the center to be 1
respectively. By the energy confinenent phenonenon, the vibration 25

di spl acenent attenuates as going toward the_end of the PVE. Howev

there is the@EfHSeﬁedlt,féel‘QﬂQ%énem @nergyT corfingmety P&Fﬁ%\?\‘@@%v‘ﬁ@&weephe
LOWM and third-order overtone node. The rel ative displacenent at the end
of the P\YheodLOWM ladtvthsr ddoader bvEitonadnble. r 'l irebatistesqispdacemendt t he
thi rd-order overtone node is about 0.003. The 5 relative displacenent at

~the end OJJ_ the &xgisRthenPYIEGS eHe BOWM He ab&ii10.92ahowd thdGelatidet he
rel ative displacenment . of the third-order overtone node is about 0.04. Fig.

3B shows (@ngfcé}ﬂgh@gof'% @' eRYA- 'o?;}%? \P@rﬁnBﬂ@r}h e i¥l Qbagto@.(ﬁiﬁm‘l‘hepa”

11dand Vi I on Sropaga on part are nmade of same materi al
t 3 I d f f
PUE shotalntiegdioptackmepylofherehd ff B8 S Eﬁﬁwﬁu”%iée‘}gﬁ EHPt
ff VE _sh 10A 10B h
cut -of ?ﬁéimﬁ‘cﬁé E‘tw%e% ! Bt Hom raTpagaL Rl e nE 0 EhE e g e h

However, since the 15 vibration elenent part 11 and Vi bration propagat i on
part 12 areertade moflesisnabeoat .04l , it is excellent in long-term

reliability. . ‘As shown in Fig. 3A the third-order overtone node
attenuat es suf fFig.e8H whiwh ahPVEehaving dbosprecesremt tite thmmdaryfof he
{ﬁm tati on'_ el ectrode being about 0. Q4 a.nd the rel a.t i ve displ acgment of
e Vi br a$ihe8 tfyP Remlen@p ¢ 111eénd vibration propagation part 12 which are
10 made of same material and are integrated. Fig. 3A shows a relative
displacement profile of the PVE shown in Fig. 3B. The PVE of the
structure shown in Fig. 3B has the same effects as the PVE shown in
..Figs. 10A and 10B in the aspect that the cut-off'frequency in the
vibration propagation part 12 is de_creased. - However, since 'the
15 vibration element part 11 and vibration propagatidn part 12 are made
of same material, it is excellent in"long-term reliability. As shown in
) Fig. 8A, the third-order overtone mode attenuates sufficiently with the
relative displacement at the end of the excitation electrode being about
0.04, and the relative displaéement of the vibration ﬁro'pagafion part 12
20 in Fig. 3B is nearly equal to 0 in vibration displacement same as in the
case of Fig. 2B. In the PVE in Fig. 3B, the LOWM corresponds to the
non-electrode portion .11 between the excitation electrode 8 and
vibration propagation part 12, and the vibration displacement

attenuates. However, the vibration displacement does not attenuate

25 in the vibration propagation part 12, and at the end of the PVE, the



20 in Fig. 3Bis nearly equal to O in vibration displacenent sane as in the
case of Fig. 2B. In the PVEin Fig. 3B, the LOM corresponds to the

non-el ectrode portion 11 bétween the excitation electrode 8 and vibration
propagation part 12, and the vibration f spl acenent attenuates. However,
the vibration di splacenent does not attenuate 25 in the vibration
propagation part 12, and at the end of the PVE, the: 15 relative . :

di spl acenmlntive alisplacementCospabowny WilZh t Fomphaing ewith sthacealabitveat
the end of the PVE of the LOMMin the case of Fig. 2B, the relative

di spl acengidplhBeieht SBthé edUE the (PVESoHthd MO WeMlairi vhe cdisepdfdEanedB, i n
Fig. 2B. This difference in relative displacenent 5 neans that the

vi brati on: : W SREE | e8i ONtRE Edlati
vi brati o?%ggg%%'?%oﬁk%g?%é%ﬁa??%sgﬁ}piyar;ﬂ({lﬁte %E%ﬁb?n Fig. 3B, }[Vhee

resonance,i npedance .of. the L in S |t an: sed.
However , ‘ihfs aa? £ ite gﬁév%gld iﬁhﬁﬁegggﬁﬂegl%rengf r,%, e v;ébrlaé%)ﬁ?% Bg

el ement part and. vibratiqn propagation part, can be, .suppressed
more f f dGARS $had the | ADRALIR &ARTEN, Of @%@W@?ﬁmut%lﬁet y the
boundary of the vibration elenment part 11 and vibration propagation part
12 of theprodsionmfghesmbrationerepagasion martd i dis a zagultzAnithedBNth i s
formed. This groove 13 is forned in both of the 15 face and the back side
of the prim®igal3B) the nfsommnqe empeldeatcei of thebLAWM iFicyeades,savdsthe

rel ative displacenent profile of the PVE in Fig. 4B. The vibration

di spl acenp WM ddiebehdupregieid.overtone node attenuates sufficiently at

g?e end of the excitation electrode 8 and sane as in the PVE in Fig. 2B
d Fig. 3B, thehbr&tien giettasepebliided in the boundary of the vibration
10 element part and vibration propagation part, the LOWM can be
suppressed more effectively as explained below. In the PVE in Fig. 4B,
in the boundary of the vibration element pa_rt 11 and vibration
propagation part 12 of the PVE in Fig. 3B, a groove 13 of 10um in width
and 13pm in depth is formed. This groove 13 is formed in both of the
15 face and the back side of the principal plane of the piezbelectric
vibrator. Flg 4A shows a relative displacement profile of the PVE in
) Fig. 4B. The vibration displacement of the third-order overtone mode
attenuates sufficiently at the end of the excitation electrode 8, and
same as in the ?VE in Fig. 2B and Fig. 3B, the vibration displacément
20 in the vibration propagation part is .nearly equal to 0. However, the
relative displacement at the end of the piezoelectric vibrator of the
LOWM is about 0.12, which is nearly same as in the piezoeleétric
vibrator in Fig. 3B. Therefore, the vibration energy leak effect of the
LOWM seems to be nearly same as in the PVE in Fig. 3B. Herein,

25 paying attention to the vibration displacement of the LOWM in the



20 i-n the vibration propagation part is nearly equal to 0. However, the
rel.ative displacenent at the end of the piezoelectric vibrator of the LOM
Is about 0.12, which is nearly same as in the piezoelectric vibrator in

- Fig. 3B. Therefore, the vibration energy | eak effect of the LOAM seens to
~be nearly sane as in the PVEin Fig. 3B. Herein, 25 paying attention to the
vi bration displacenent of the. LOWMM in the 16 boundary of -the vibration

el ement phoundarpnef vherebirehiqr edeangenitoparpddt angl vibratienpyroppgadian
groove as in Fig. 3B, the relative displacenent is about 0.17. In the PVE
havi ng grﬁgye 88 iim Rlp PBE whichd®l agroovedigpliaceRint 3B, Ot1836. rdlative
case of the PVE having the 5 groove 13, the relative displacenent is about

2 times t Al loblifiilt i0a8BUE 4.17.! LIARARSPVEhdViRe Eboave o o Fiie 4BYM

\4 y
not attenuate 1ciently 1s reflected in the groove area. The reflected

i on” i TP nBieRYe' QisHlalRaRHY f 0381 SThrthd Bhsk (5t BASCEVE Batina YhE
mentioned earlie reover,

n if th i i ded.,, the_size of
the ditopl BEGHERLLDT WhReTIIOHN S HIRIaLHRERt 1 ABREE % LIRSS DR IERELT As

aresult, the leak effect of the vibration ene OL Mto outside _is
combi ned greove Ha.ef feseans jthatetle rY@W%@OPe@f)%gﬁc qL\%‘\éd&Wc@tB?nuf‘ﬁ%dLQ/\M
as the reflected wave forned in the groove area induces an 15. undesired

vi br at i onsuffiereaftdy eis treéleete&d shovwhe rgiioye aBesan TheppeBestedewiamanof
efficiently. Fig. 5A shows a relative displacenent to the standardi zed
groove depbratidh/id) ashovdedireli eibraBion Her akiesre¥orrhsed 9§ dsOWMEI whibh

{a'gnot es the standardi zed groove depth (2h/H), and the axis of ordinates

N is effective to increase the resonance impedance of the LOWM. As

10 mentioned earlier, moreover, even if the grbove is provided, the size of

the displacement of the LOWM at the end of the PVE is almost the same.

As a result, the leak effect of the vibration energy of LOWM to out'side

~ is combined with the effedt of increasing the resonance impedance of

the LOWM as the reflected wave formed in the groove area induces an

15 undesired vibration. Therefore, the PVE shown in Fig. 4B can
suppress the LOWM efficiently.

) Fig. 5A shows a relative displacement to the standardized groove
depth (2h/H) shown in Fig. 5B. The axis of abscissas in Fig. HA
deﬁotes the standardized groove depth (2h/H), and the axis of ordinates

20 represents the relative displacement at the end of the PVE and in the
boundary of the vibration element part and vibrétion propagation part.
Hereiﬁ, the standardized groove depth (2h/H) of the axis of abscissas is
standardized by the plate thickness H of the PVE and the groove depth

h. The vibration displacement in the. boundary of the vibration

25 element part 11 and vibration propagation part 12 is an index for the



20 represents the relative displacement at. the end of the PVE and in the
boundary of the vibration elenent part and vibration propagation part.
Herein, the standardized groove depth (2h/H) of the axis of abscissas is
_standardi zed by the plate thickness H of7the PVE and the groove depth h.
The -vi bration displacenent in the, boundary of the vibration 25 el enent
part 11 and vi bration propagation part 12 is an index for the 17 effect of
suppr essi effethef lipimssihg thef LW baviehe ssflevted waveri gAssghowmein

vi bration displacenent in the groove area in the boundary increases as the

st andar di F?g SAO@US m@hbioahﬂ&bppmdemgm in@hd Beoowd Reeahandhetheundarpt i on
di spl acenent at the end of the PVEis an 5 index for the effect of |eak of

t he vibraji rgy. o WA det ' ]! e3P Rk at
t he end o#ﬂ&%g%E%Eg%/sﬁ{leetglr%??H con% %%ktq?tv%t Hg,ﬁgtﬁa%lzmilﬁg%%%gvzggggt% up
to about 0,67, ,but creases. suddenly when ex din NigS,J evedr Fhis IS
because tAEhekMand, gﬁe s@rﬁzm ‘gﬁsgig?%meﬁrtoﬁgéjﬁ 8%1& &fs the EJYB‘% aPi %ﬂ
energy in the 10 vibratjon propagation part 12 becones smal | er S
shown & n imdex fop the qff@tgpéd@e?qgf ithe ydbpatien 3nﬁﬁgs|-g§1f6{ecar&ﬂ\fttﬂe
mechani cal strength. Therefore, the standardi zed groove depth 2h/His
pref erredoutsidee 2TBe (viboatian lipplacament aththe emd mf tlee Y Eois merayyoove
13 includes a nechani cal process such as sand bl asting. By such nethod, 15

t he mechapbasatast rendhe oftamdardicedegidoveydbpthenpedvetlont t@.6%f badt s
of processed degenerated |l ayer. - In such a case, by maeking use of

di ffer?“ﬁgbi‘e@é@%‘&ﬂ@ﬁﬂ@ﬁeﬁ"@[@e‘é@'ingt thigdeval.f i Thigr iwdedaws theom
g?gggisfrgﬁ ege.nerat eq | ayer may be forne easi ly. 2(? Sec.ond_Exerrpl ary
bffective sectional area for propagation of the vibration energy in the
10 vibration propagation part 12 becomes smaller. Or, as s.hown in Fig.
5B, if the groove 13 is too deep, a problem occurs in the mechanical
strength. Therefore, the standardized groove depth 2h/H is preferred
to be 2/3 (about 0.67) or less. 'The forming method of the groove 13
includes a mechanical process such as sand blasting. By such method,
15 the mechanical strength of the groove 13 may be decreased due to
effects of processed degenerated layer. In such a case, by making use

of difference in etching speed by chemical etching, a fine groove free

from processed degenerated layer may be formed easily.

20 Second Exemplary Embodiment
A piezoelectric filter in a second embodiment of the invention is
described below while referring to the drawings.
Figs. 6A and 6B are a piezoelectric filter of which main vibration
is thickness slide vibration, using a crystal AT plate. Fig. 6A shows

25 the appearance of the piezoelectric filter, and Fig. 6B is a sectional view



"A piezoelectric filter in a second enbodi mrent of the invention is

descri bed below while referring to the drawi ngs. Figs. 6A and 6B are a

piezoelectric filter of which main vibration is thickness slide vibration,
using a crystal AT plate. Fig. 6A shows18 25 the appearance of the

" piezoelectric filter, and Fig. 6B is a sectional view 18 1) of Fig. 6A. The

pi ezoel ectric filter of the second enbodi nent conprises: a PVE including:

a) a vibref Fog. 6ement part 14 conposed of a crystal AT plate, 5 b)

vibration propagation parts 15 di sposed at both ends in the |ongitudinal

di recti on whi chThe pieaoeldetaic dilter opsbatserond emdtddimeniit colprisbsati on

el ement part 14, c) a groove 16 forned in the boundary of the vibration

.element  part 14 pog yﬂaqﬂti'hgp propagation parts 15, 10 d) an i nput
el ectrode 17 fornmed at one end of the principal plane of the vibration

el emont part 1du) &) ilkAUbRUIo Bl § Q1A I BPREdA YT RchOEt AT 14

principal plan e vibratiron enent ) a groundi g el ectrode
19 formed on the back side of the 15 vibratjon,.el enept rtv.14. 109). a

vi br atd on- absor BY ﬁ’g‘%ﬁaf’é’ﬂ erOEé,gEB‘rde%’cfthig QisRAEeE; ’i‘/tg%&rkt endfjin'she |
at the side of the vibration propagation parts 15, and hg .a fine netal fwi re
21 for ketpngipudinaldireptios wlushela thpayibnadion Rrapagatine dipsgtion o

el ectrode 17 and out put el ectrode 18,
the vibration element part 14,

é) a groove 16 formed in the boundary of the vibrat.io.n element
part 14 and vibration propagation parts 15, |
10 | d) an input electrode 17 formed at one end of the principal plane
of the vibration element part 14, -
e) an output electrode 18 formed at other end of the principal
plane of the Vibration element part 14,
f) a grounding electrode 19 formed on the back side of the
15 vibration element part 14,
g) a vibration-absorbing material 20 ‘composed of a conductive
} material formed at the side of the vibration propagation parts 15, and
h) a fine metal wire 21 for keeping conduction between external
.terminals of the input electrode 17 and oﬁtput electrode 18,
20 a mounting substrate 22 for mounting the PVE, and
an external ter‘minal 23 for transmitting an electric signal from
the mounting substrate 22 to outside.
This PVE is rectangular in shape. When the electrode is
formed in the entire element width diréction, the energy cannot be

95 confined in the width direction. Therefore, the displacement of end



20 a nmounting substrate 22 for nmounting the PVE, and an external term nal
23 for transmtting an electric. signal from the nounting substrate 22 to
outside. This PVE is rectangular in shape. Wen the electrode is forned in
‘the entire element width direction, thejgnergy cannot be 25 confined in

" the width direction. Therefore, the displacenent of end 19 (} portion of
the element width direction does not attenuate so nuch. Hence, in this

PVE, the gbbtiehi off theopdgatdmwn wilth idirectioni dpesetbt mttehvadt dich miuchet i on
so as not to inpede the vibration of the overtone nbde in the width

di rection @fﬁ% 135, ShPTSEE QRleY vivy dtisn W iyAlddtioR 4P a0 alotodisHiosedt Lon.
" Sane as i%{t e’f1i§1r gltl%;nbodl’rrerﬁ/‘,’ thelvi \t/)riatpi:&()gn gl eﬂr%nt part 14sijand

vi bration_ propagat i e 0of S i |.al |

st ruct ur otBa PREHh a0, g L ho (i ndle” P ilRREIOFof the iettone
sufficiently, the yibratjon ener of the L | eaks _10.qutside.t hr h
the vi br afefe p‘r‘bﬁgkjaf“f I(Siﬁ?’pgﬂfecltgznwtﬁ% Ve ,g{\%/lﬂ%sv#(b?%llyi 6ﬁ- gﬁ%o?btf%ﬁ%g
materi al 20 made of conductive material is applied. on the vibration.
propadat | propagaticn direstéenr e Same 39 é&&@eefgﬁ*i embqdiymentyrthe,x1 Bt nent
can absorb the | eaking vibration energy efficiently while keepin

conduct i orlémiemtepatthd 4eandrvibirat mmriprapagatiors pant khergrpadei ant%ﬂrrﬁ:ﬁnal
19. In the groove 16 in the boundary between the vibration el enent part 14

and vi br athgfefiadpagati on part 15, reflection of vibration of the LOM
occurs, and undesired vibration- takes place. Accordingly, the PVE of the

enbodi ment  al so (Raghid&tructure, although the vibration displacement is not
(' ) attenuated sufficiently, the vibration energy of the LOWM leaks
10 outside through the vibration propagation part 15. Moreover, the
vibration-absorbing material 20 made of conductive material is applied
on the vibration propagation part 15. Therefore, the piezoelectric
fi.l'ter of the embodiment can absorb the leaking vibration eﬁergy
efficiently while keeping conduction between the external terminal 23
15 and the grounding terminal 19. In the groove 16 in the boundary
between the vibration element part 14 and vibration propagation part.
) 15, reflection of vibration of the LOWM occurs, and undesired vibré.tion
takes place. Accordingly, the PVE of the embodiment also has the

‘effect of disturbing the resoﬁénce of the LOWM and increasing its |
20 resonance impedance. Therefore, the piezoelectric filter suppressing

the LOWM efficiently and utilizing the stable overtone mode is

realized.

Third Exemplary Embodiment

25 APVE in a third embodiment of the invention is described below



‘effect of disturbing the resonance of the LOM and increasing its 20
‘resonance inpedance. Therefore, the piezoelectric filter suppressing the
.LQ/\M efficiently and utilizing the stable overtone node is realized. Third
) Exenpl ary Enbodi ment 25 A PVE in a thirgh enbodi ment of the invention is
descri bed below 20 while referring to the drawings. Fig. 7A and Fig. 7B
show a PVE of which main vibration is thickness |ongitudinal vibration,

havi ng a v%h’i}écwfeq'riﬂg‘ftbtﬁfb_ aaaw}iﬁgsaxi s of polarization in the center of
t he thickness direction of lithium5 niobate Z plate. Fig. 7Ais an

appear ance Vi ewpof Hhe RNE.F@Nd7Bi GhowBa IBVE s£ayhivialmuiswiliratign A
The PVE of thewfﬁérg enpodi rr%t conprises: a) a vibration el enent t?)Izlirt 24

s B T e
it 24 siwtedlibimyemnahificlin L Mo AR R OP
Gpper B | cngébate ZatpperTIE/FA if aniabReRARICOHEST SRARR D UL TI6: T o
lower Iid 29 in the |ower part of the vibration propagation part 25, and
is a sectional view of Fig. TA.
The PVE of the third embodime'nf; comprises:
é) a vibration element part 24 composed of a lithium niobate Z
plate,
10 b) a vibration propagation part 25 made of a same materiall..as
the vibration element part 24 and integrated therewith,
c) a groove 26 formed in the boundary of the vibration element
part 24 and vibration propagation part 25,
d) excitation electrodes 27 confronting face and back sides of the
15 vibration elemeﬁt part 24,
e) an upper lid 28 in the upper part of the vibration propagation
' ) B part 25, | |
f) a lower lid 29 in the lower part of the vibration propagation
part 25, and
20 g) an external terminal 30 disposed in the lower lid 29;
When the axis of polérization is oriented in one direction _only,
the lithium niobate Z plate cannot confine the energy of the first-order
mode. However, when the axis of polarization is inverted in the center

of the thickness direction, the LOWM is the second-order mode.

25 Therefore, the energy can be confined. Since the LOWM is the



"20 g) an external terminal 30 disposed in the lower lid 29. Wien the axi's

of polarization is oriented. in one direction only, the lithiumniobate Z
Pplate cannot - confine the energy of the first-order node. However, when the
_axis of polarization is inverted in thekenter

the LOMMis the second-order node. 25 Therefore, the energy can be

confined. Since the LOMMis the 21' second-order node, the overtone node is
the sixt hserotet-ortlentthodeddéhe ofertoreemddaidethe sixth-orter: henph-axdsmm in
Figs. 7A and 7B, on and under the PVE,

the upper 1lid 28 and lower |id 29

are provimtegh@ﬁeogm, adc ko dsst1of the 5 vibration elenent part 24 is
smal l er than that of the vibration propagation part 25, the vibration of

the vibration ehgneiw R F%gsWWA anHO'T’Bb%d gRradgddethdieePOVE, theeupybrof

t hi s enbodi nent” may be put
propagat i
package,

a package. Moreover, since the vibration
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the PVE can be . |l owere

propa

The vi tion en y .propagatin the vi hr.ation
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lids are provided, the overtone_ node character| stic Ii hardl y changegl
¢ lhas

‘Sane as i propaghtiost panb3adi thetvibrasion f dheorbyasinm g

BRIBErt 24 W

the effect of | eak of vibration energy of second-order node to outside.

Furt her,

nottheimpeded. 26Therdfoeehoha RVE of thisce mbodiment mdelenpupant 24
and vi bration propagation part 25, reflection of vibration of LOM occurs,

and undesigr gdckhpeat MBré@d@ﬁS dihaeethd ibhetioa peoisagatiehf patrt &5 aiast bebi ng

ftI)e resonance of the LOMW and

10

15

20

25

utilized as the outer circumference of the package, the PVE can be
reduced in size. In particular, the height of the PVE can be lowered.
The vibration energy propagating to the vibration propagation part 25
is the second-order mode (LOWM). Therefore, if the lids are provided,
the overtone mode characteristic is hardly changed.
| Same as in the first embodiment, the vibration propagation part
25 has the effect of leak of vibration energy of second-order mode to
outside. Further, in the groove 26 in the boundary of the vibration
element part 24 and vibration propagation part 25, reflection of
vibration of LOWM occurs, and undesired vibration takee place. It
hence adds an effect of disturbing the resonance of the LOWM and
increasing its resonance impedance. As a result, the PVE suppressing
the LOWM efficiently and using the stable overtone mode is realized.
In the foregoing description, mainly, the example of PVE using
piezoelectric single crystal is explained, but the same effects are
obtained in the PVE made of other piezoelectric materials such as

piezoelectric ceramics.

of the thickness direction,



20 increasing its resonance inpedance. As a result, the PVE suppressing
the LOMM efficiently and using the stable overtone node is realized. 1In
the foregoing description, mainly, the exanple of PVE using piezoelectric
_single crystal is explained, but the sapg effects are obtained in the PVE
made of other piezoelectric materials such as 25 piezoelectric ceramcs.
22 As described herein, the PVE and piezoelectric filter of the invention
have the fol | owAsg desorifddediareian tié eEVEfahéapiefoelebtriti fiktemearfgyhef
LOWM t hrough the wvibration propagation part; and 5 An effect of increasing

the resongi¢entioReHaneayfallowihpitieo effertsesonance of LOM as the
refl ected wave of vibration occurring in the groove portion induces an

undesi red vi brati.o r t e, | Wi ' elkectric
mat eri al of vvh%c rbLf% gjaft ?i |ecs)f S‘yﬁgqglrtl{ebr%ﬁo inde}frrgr? conglhtli‘)lbgg?i ttﬁg PVE
and 10 piezoel.ectric filter of the pnvention are: Capable of suppressing
the LOAM &t ﬁacqlgﬂtnmpaé&tépp&?rq’rf“?%ng-ter mreliability because the
vi bration el enent rt apd vibration propagation part_ are made, of a.sane
materifl ; and B edtactdot ANEFRASIRERe oresoRanRce, dmnpdance by Alstyrhing: of
coil 15 and capacitor is not needed in the oscillation circuit. 23 CLAI M5
1. A pi eztbeawsonandebe LAWY M| asthe aflgctiedi wave of wibhratdan edcavraimg par t |
a vibration propagation part nmade of a sane materi al

the groove portion induces an undesired vibration.

- As. a result, even in the case of using a piezoelectric material of
t) which LOWM satisfies the energy confinement condition, the PVE and
10 piezoelectric filter of the invention are:
Capable of suppressing the LOWM efficiently;
Excellent in long-term reliability because the vibration element
part and vibration propagation part are made of a same material; _and

Decreased in the number of parts because a tuning circuit of coil

15 and capacitor is not needed in the oscillation circuit.



‘5 with a greater thickness than said vibration el enent part, and a groove
di sposed in the boundary of said vibration el énent part and vibration
propagation part. 2.. The piezoelectric vibration elenent of claim1,
wherein the 10 main vibration is the @gertone node, that is, when the

| owest order wave node is first-order or second-order, the wavelength in
the thickness direction is (2n+l) tinmes (n being a natural nunber) of the
. lowest order wave node. 15 3. The pi@kAdMSBtric vibration elenent of claim
2, wherein the ratio 2h/His 2/3 or less where h is the depth of the
groove.in the boundary of the vibration elenment part and vibration
‘propagation part and His the thickness of the vibration elenment part. 20

4. The piezoel gCtrixC Mi | 90; £l ; [dR+2, FRiRct e vibRaf}
vibration is tﬁle' t hi &&hgégféscﬁ?lcfg V\?lﬂgrggltoﬁi;nﬁbgdné(}lt ﬁgw\i/'l?blr at Fon vél emsr(l)tn part
and vi brati on propagat.i or .t are integrated. only 4n e I brati.on.

ot opagat FORETEEEt o 8 JevBRtivpbEpRBbaHaR FRatimbdsl of f sathd AdsBiaLy
2, wherein said 24 vibration propagation,_part has a vibration-absorbing.
mat erPal &R AT eater HhIBkRBsS ChABAIA Wihiatien e?rmeate%&,@& ALRAY€at i on
el ement of claimb5, wherein said 5 vibration-absorbing material is a
conduct i Viispasediial the botredpireoded aick vikration aleorery pashtarst vabaataon
wherein said vibration propagation part has an upper lid or a |lower lid,

or both giropdEtiodart.
2. The piezoelectric vibration element of claim 1, wherein the
10 main vibration is the overtone mode, that is, when the lowest order
wave mode is first-order or second-order, the wavelength in the
thickness direction is (2n+1) times (n being a natural number) of the

lowest order wave mode.

15 3. The piezoelectric vibration element of claim 2, wherein the
ratio 2h/H is 2/3 or less where h is the depth of the groove in the
boundary of the vibration element part and vibration propagation part

and H is the thickness of the vibration element part.

20 4. The piezoelectric vibration element of claim 2, wherein the
main vibration is the thickness slide vibration, and the vibration
element part and vibration propagation part are integrated only in the

vibration propagation direction.

25 5. The piezoelectric vibration element of claim 2, wherein said



"8. The piezoelectric vibration elenment of claim2, wherein said vibration
el ement part has at |east a pair of input electrode and output electrode

on its one principal plane, and a grounding electrode on the other
_ principal plane. 24

. vibration propagation part has a vibration-absorbing material applied

on its outer circumference.

6. The piezoelectric vibration element of claim 5, wherein said

5 vibration-absorbing material is a conductive material.

7. The piezoelectric vibration element of claim 2, wherein said
(ﬁ) vibratibn propagation part has an upper lid or a lower lid, or both of
) them.
10
8. The piezoelectric vibrafion element of claim 2, wherein said
vibration element part has at least a pair of input electrode and output

electrode on its one principal plane, and a grounding electrode on the

other principal plane.



