., e3eT) D6TT*0o 2 Decenber 2002 5 The present invention relates to a
pi ezoel ectric vibration 10 1 DESCRI PTI ON Pi ezoel ectric Vibration El enent
Field of the Invention elenent relating to thickness noddlesenrbeng002

* piezoel ectric vibration el enent and pi x;léoel ectric filter in which the
overtone “\W“@W\“;ﬂl n vibration. Background of the Invention As a
pi ezoel ecmm\\\“ n el ement (hereinafter sinply referred to as PVE)
usi ng bul k wayggeshi ch are vvaveslj)ng@qgprpgNn a solid mtter, the PVE
used as clock source for various electronic appliances 15 and the
pi ezoelectric filter used for frequency extraction of comrunication
apgl : ances are known. Inlthe recent tlrend of hi ﬁhe; density, 2' B@mwﬂl@@lﬁ'm
an arger capacity..n electronic appliances, the frequency r w
such PV ¥%Z°§E?9ttré%l\b§rtal’ié°%i%e¥l equency side. As the vibrati , 20
the thickness vibration such as thickness shear direction and thi ¢RY\¥S's
| ongitudinal direction is often enpl oyed. However, since the resonance
frequency of the PVE using the thickness vibration is inversely

propért i Pield éOthédnpeaitdohhi ckness of the el ement, thinning of el enent
plate is indispensable for heightening of frequency. In the 25 el ement

thi nning procephe i st Vé@ﬁghniﬂ%?ﬁ{!@g h@ﬁ E"sﬁ%e&%elect‘riﬁ gliﬂfeﬁ,gﬂﬁer

2002 a determ ned i'n consideration of e mechani cal strengt

pi ezoel egtr | [ : Nj RJ precizsi Qn _such | lelismof .plate
t hi ckneséleffl#\%ng?{s% ﬁltgllﬁgi Bﬁh{%'ggﬁshégépgngucgngsrg%@ﬂ@ﬁh@f’ i’g‘g&tlgﬁ an
ordinary jtethod, the.limt of. plate thickness of piezoel ectri.c mat eri al
5 aboureBsnait asid Bierorfeckric Bl Getn il th¢ arBRFOLS HAtH i tBeuBidp | n
t he case ﬁ?];ﬂ vi bration of |owest order wave node, even when the thickness

| ongi t udVYRN2t®Br ati on of fast vibration transm ssion speed is used, the
upper limt of the vibration frequency is about 70 MHz. In the case of a

hi glér frequency, the overtone node is 10 obtained, that is, the wavel ength

in the thickness direction is (2n+l) tinmes (n being a natural nunber) of

t he | oneBackggeundws thedinvéwtionafter sinply referred to as LOM).
Herein, the LOWMMis often the first-order node usually having a half

wavel ength in pRe; phbskeRetrit {;ﬁ%dtﬁﬁn_elerﬂ& 14 B nRTE Y sﬁﬁgly tBferred

pol ari zed inverted | ayer formng technique of lithiumniobate s disclosed

i n Japangs %s"%?ﬁﬁéigfgf})%k %Ve%?’w:ﬁi%ﬁogre avggyggg)xfgéfa Stéfignﬂl 9 solid

t echni que pi €z0 iC Si e crystal "subs sedin
Vari abl gla%rtgp,e{ﬁg ﬁ#glasledl?ggocqggﬁrsso&)%e for various electronic appliances

15 and the piezoelectric filter wused 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 such
PVE is shifted to the higher frequency side. As the vibration mode,

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

25 element thinning process, the element machining method must be



‘Direct Bondi ng Techni ques” in | EEE U trasonics Synposium pp. 897 20 900,
1996. In a structure in which the axis of polarization is inverted in the

.center of the thickness direction, the LOMW may be a sedoeremhed@f02pde

'« having one wavel ength in the thickness Zirection. That is, when the LOM s
first-order, the overtone node is third-order, fifth-order, 25
sevent h- order and so forth.. When the LOWM is second-order, the 32

, Decenber detepmanedt die eommidesasion hobr dbe, meshrnsealer strengthecof htloe der
and so forth. However, even when the overtone node is used, there is an
LOMWM at pli\ezéeiwctrieqmte;tialsjemapdci@riﬂign@lrycisiibns spehe $Si q:rartaﬂlellmm/l o$
inperfect, the oscillation frequency may junp or other 5 abnornal

osci | | at :pQHtéT%leﬁ%Hs aﬁdanseﬁwthaﬁlvmh%rtw 1&% h @ rE¥Rctidel 6f Eost.
met hods for suppreSS| ng the LOM i nclude: A method of suppreSS| ng the LOM

by circuif, ganf ‘ra QH Qﬂe%oﬂs il ‘i‘fdﬂl g“égé't';& neﬁ%%]&ggs% 1§%etlgé‘ér1?h

deS|red order be utilTizé preSS|ng

rla stru ure o the VE. The o] $sing

Lo By ' Bhehis &arﬁhod{ﬁéb RICSHRE ERLS J0LRE b TASE B
circuit. In this circ Lhﬁn an Lf, gsonance c rcuit of coil and capacitor is
added t o fre@ueBeY. Bt th casecaf tvibsatioay o nq%smm@rswed & he¥en' C
resonance circuit, it is designed to tune in the node of a desired order,
and osci when i bhe hethickmesse hongitutinad heviliationt obnffagtr aviloratione
sanme operation is possible in a Colpitts oscillator using tra~.sistors. On
the ot hertrhagthistivn spebadsaisedt)nbieesppop limet bOVRE RibidioBErEYhentcyakf

i ncludes a method of selecting such a piezoelectric material that the LOM

i's hardl Yo 16MEFz.COTRahRM4dd bf hMNei gt LR JRYL thesvertBREREdefis
suppressing the LOM by the structure o the Vibration el ement. In the PVE

o1 br b o ERheA, thak d, e W MR (RO ERke AR oS tich 1EREN R0,

t hi ck I t I b t | ecty t I |

SUch & cJUBeRi{Bn BaAaE, B AALSAL chbarySHe ofstRer Ipivéé’%a?qcr.dg'ﬁy%ﬁvrpe{rh%dﬁVE”
I f , k t f I

Cinder noatheFREn SLEF MR EHIETEFQde. ssﬁsmxinl) oan; She RN decoagr o)

confinement, which has been specifi cal |y anal yzed by Shockl ey, Ogam and

others. Tihe Bimet-gyrdevnhodenesnally hisving bebalewawebongth dnrthegthickress

sectional view of the PVEin Fig. 8. As shown
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 Resonators by
Direct Bonding Techniques" in 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 1is second-order, the



in Fig. 8, supposing the cut-off frequency in a certain portion of an
" excitation electrode 8 to be F 0, and the cut-off freguency in the non 10
el ectrode portion to be FO '. In this case, at the fr 8P%kr than F
0', the vibration energy freely propagat®s a vibration el emrent 7 Even
underneath the ex0|tat|on el ectrode, its frequency does not forn1a
stationary wave. quency arg r than F O mal | er, than F
0', the ovwfeﬁ%rfn rg§ 5’63%1 H68% ftﬁééi“ E@%@PP& rP 1 i 8Rdof0t he
excitation electrode 8. In the non- electrode portlon however, the
vi br at i onfertdr. gyHam esrarat eee pxpdreantthal oy eriivee ahode, is hised, btheroris an
di spl acement is smaller as going toward the PVE end portion. As a result,

t he vi br agjoWwMnergthes leancheyuanry neas. t hacesrdingliorifebappression of
Dependi ng on the piezoelectric material, 20 however, not satisfying the

d
S s e S b e R
to be XCI bed no s_th} d- order . overton node r}g wav e th of
o os & wabBorI Rt osdilatiab Mgl BEAGE i 4 bREGIADRE EF¢h ReipEa !

mat er i aI s inclu pi,ezoel 25 ceram ¢s suc anat e mat erl al ,
l'i thi um ni obat e elpot‘%?ﬁb‘hés %21‘ mﬁl%ég gL&WJNgﬂEC l'ithium

ni obate Z-plate. Using these materials, the PVE using the thickness

| ongi t udi nal t hir theftst of\euppnessingethe LOVEM, badcincadt icoafigurationves |
even if using a piezoelectric material of which LOM does not satisfy the
condi t i onokeilletiengyirewit ioxevhotlike, sonthhdd desitdd iozdeg nhmbmrenandernde
stably is disclosed. (for exanple, "Thickness |ongitudinal node third-order
harnoni ¢ vitii28@f and ng Li Nb0O3 36 rotation Y-plate, published in Journal

of Society of El ectronics, Infor ITB.tI on and Communi cation, Vol. J81-C-1, No.

6, of! 357-3 t it
10 gp Imzati onggfn%?r(?nm Oélga%‘ffé exc I?é:g'?gﬁgc?y g%g.#] l%ﬁagﬁ‘g"{n‘@?ﬁ%eif

PVE so as h% Igﬁgtpress t he LOMWM exci tatl on sufficiently. O, when using a
pi ezoel ect ‘erial of which LOM satisfies the energy confinenent

condi tion, such J plate, there i t.hod .of ysing,.the
overtone rode st gg@%ﬁ&dﬁe§ Pyrepping it f-‘p C}Eﬁhfqlﬁ%"g figuratign

. method, it |s required to suppress the LOM by the structure of the PVE

For exanplincludesikiengvertons rende pscitlasine Gircuite d& this sirayisy ay hF
confi nenent between the LOM and overtone node, an elenent form ng an

el ectrode resonaneetcirouitaef codaandheaditos i%adwred( tothe @saidation circuit
"Third-order overtone node crystal 20 vibrator suppressing fundanmental wave

node 1&FDuddd it ohp ' L.LOVEM.os Bl addIagahie M0 recahiane riewite it isl debigwed
Bulletin No. 42, pp. 1-7, 1998). This principle is explained by referring

to Fig. 9toFbline%irSRAWS iedeIdfSaoiesae@UbalbPNagll BE'ﬁIIﬁ'eaiﬁ%éj'o%E?&@émnt
of LOM and overtone node in the PVE longitudinal direction. In the

g;?tgr g][” . Lrg‘éd@ g«% Eﬁggr %zgcgiﬁséénﬂé{l%ﬁ%& W69 #in3NGe 1 1260 i85 SidthIin
a Colpitts oscillator using transistors.
On the other hand, the method of suppressing the LOWM by the
20 PVE itself includes a method of selecting such a piezoelectric material
that the L-OWM is hardly excited as compared with the overtone mode,
and a method of suppressing the LOWM by the structure of the
vibration element.

In the PVE or piezoelectric filter, it is sometimes required to use

26 a specific vibration mode such as thickness shear vibration and



. 6 vibration element to the outer circunference, and the axis of ordinates
represents the relative displacenent supposing the vibration displacenent
.in the center of the PVE to be 1. Hereinafter, this di é’d?%ﬁﬂmt@rggmed t he

. relative displacenent profile. As nmentigned in 5 Fig. 8, by making use of
the energy confinenent, the vibration shows a sinusoi dal wave underneath
the excitation electrode. In the non el ectrode portion, the vibration

. di spl acethidkmédsedongetudinzdneibiadiby. ihnaFspecidic pipposiewridianaterial,
di spl acenent of the elenment center to be 1, the relative displacenent

profile gf dhéh BVEadaVvivhbrR anelxOfta®ldif 10689 db0i PSR SaRIiaEly 88 G N9
away fromthe center. As shown in Fig. 9, the third-order” overtone node is

i op! acedonE BnHRELRAREE 1L i6 1l B e VIBLEL B onb by s pRHLY

nder neat h.t he Citati el ectrade. Known rein, however, the LOMIs
rge noml Waderasdty SRecrEitabERualseriotie ik PnanIaERhS. 18 Brovahy
the attenuation is insyfficient. |n the piezoelectric_vibrator shown in
Fig. GoAasiemraheconBpsment.divpickehas keen coneriicallye analyzede biass
of the electrode 9 and others is added to the region in which the vibration

di spl acerfnmckdey; Hdgawdr taoxte otdbasi s Bheosnedgyt hanfinementt e RGepibedphery
of the PVE. In the piezoelectric vibrator of this constitution, by |owering

t he cut - ¢fdflot Bpueferrialy td1thé @dbtiondlhdemobfithe PVE he Rikes! r aile shovihe
vi bration displacenent of the LOMis propagated to the outer circunference

to |eak tiaegq%ﬁr@té@ﬂps@\q@met Rk iRy n@g@&@ﬁh@ﬁ 5h@eﬁ>afi'tclt g%iﬂﬁnl BY6&ln Of

itl]e LOMWM 2 en usi’hg the overtone e clrcult configuration, as

2 'Decenb i t a S| I i Ng
pr obl em%ﬁgggﬁﬂéoﬁégggf%asﬁé 2’ ,e glﬁghéﬁlo(g?hgfd%gﬁgﬁ%%%ggé}% {slﬁ}éﬂh as
coil s and,capacjtors,. It jis,difficult.to formin an | because coi,ls are
ised10anc BB BpRtiqrt il By & (BFT 210 aphiR FasPrath Shee B AERIY UATERT o
in the case of uae f pi.ezoel ectric erjal of which LOM satisfjes the
energy cdmahefeRt; Jilprakiom epgEep\iree g PYopRgadesA vabratkion ?iﬁamE@V\M
excitation level is higher than that of the overtone ~i J node.

Accor di ndly, Faena wngldmpath shepersidatipn redetthide,i itsi fraquemeyl Gldes make
use of the difference in degree of energy confinenent between the LOMW and

overtone fopge.a THtiatiowary ehked dioaddiery £in elfecguedeyolargerethann aks in
the PVE peripheral area in the region where the vibration displacenent of

the LOM j8d| #h@glexndhbhe Fi OrathenyihsisaceBBlgdf ptoFafiesd FreeRPIR hS
alnmost 0. In this case, 15 the cut-off frequency of the PVE peripheral area

'S C'i%”geé’erlfi}sl%nt%gi)e%ﬂatoifof‘hé’f eQ#R‘&Ho‘}P'ee%l’é‘?EP&&é"s.or It?ﬂzc@%f’/éﬁbxyietﬂ‘%&rr%%e of

el ectrode . thi's change of cut- of requency, hi's met hod
T R I A A e
does not aatl efy ot N o heh iSO DS, SOPILL LN 115, USed i e, PYE i
PVE end portion. As a result, the vibration energy is 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 confinc;ment 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



_tinsufficient suppression of LOM the PVE may induce oscillation frequency
junp or other abnormal oscillation. 25 Summary of the Invention 2
Decenber 2002 8 The invention is intended to sol ve the DDetdnaives 2002t he
‘prior art, and it is hence an object thF,r eof to present a PVE capabl e of
suppressing the LOMM efficiently and allowing to utilize the overtone node
stably if nmade of a piezoelectric material of which LOM satisfies the

ener gy confplaeseahdclothiumoniolsawt Z-phatxcelsik tHedeOnthfedials thel PAEI ity
because the vibration el enent part and vi bration propagation part are nade

of same '{Péiﬁ?i alhe T%msﬂhegg tl'a‘i[g%ﬁ&?ﬁalbt R ForAlrt NEve6GY | Blbde is
a enment” part; D)

conpri ses: a vibration e a vibration propagation par

made of a, sa terial whth reater thickness 10 than the vibratian

el ement maveiopst piacdicilly' s HERVER eHgnoHUTELRE Ao SiEIO 3G P BB Rknent
part and vj byation propagation part; wherein.the pain vibratign is the
overtone qﬁmﬁmh ﬁ@ﬁ@%ﬁ%%n&ti%ﬁl the cendition famenersy gaBtimernest, a
vibration el ement part is 15 connected to said vibration propagation part;
and s&i d method ofadtibizingtheonwsrtaneenodeastabdydsdischusesh (enexaneple,n
said vibration elenent part. In the overtone node the wavel ength in the

t hi ckness'Thickaleison longitwlin2l+ndpdei thsrdordeirntharmanic avibnatoer st
when the LOMis first-order or second 20 order. In this constitution, the

PVE of tIgiNpostieh bibfitoabauplhbe, fPhbAYhEd GWO Rfe]S of ABo8idt§Clofof
| eak of vibration energy of L t hrough the vibration propagation part;

and 25 A . of 1 ﬁﬂﬁ:' iL.apedynge _gH_st I pg .t he
(re,sonance g‘%cftgﬁf?\kﬁasf‘ﬂﬁé re pgc%gg v@\ﬁﬁg‘ﬁl\%a&?@% ynb(ibé]%rr@l ;gll%n) Ehé’tp
gr'oove pogt j n an,yndesired . vifaraii on. .Owm to. these two effects,
e Ve TR SRR on THE TReehab isEo Sl o Hitkatbert EadvREn; | y
I f using a piezoelectrigc 30 material of which LOM satisfies the energy
conf 1RemegR t1BHAatIq 9 dimensnepf axcitatign: elentrafpandihgldingmeshode
vi bration el enent part and 2 Decenber 2002 9 vibration propagation part
are made of PYE soeasrto sningiressntheg LOW Measeitaition safficadretlyof parts
because a tuning circuit of coil and
Or, when using a piezoelectric material of which LOWM satisfies
the energy confinement condition, such as 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 structure of the PVE. For example, by making use of the
difference in the degree of energy confinement between the LOWM and
overtone mode, an element forming an electrode of a certain mass near
the PVE is known (for. example, "Third-order overtone mode crystal
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



.“capacitor is not needed in the oscillation circuit. The ratio 2h/H, where h
is the depth of the groove in the boundary of the 5 vibration el enent part
and vi bration propagation part of the PVE of the invent2 Decembert2G02 t he

‘t hi ckness of the vibration elenent part,zis preferably defined to be 2/3 or
| ess. The main vibration of the PVE of tehe i nvention may be the thickness
shear vibration, with the vibration elenent part and vibration propagation

part int egiltatoan l¢nient be thiehDs @t d 0B re PG nice atid €ké idfis dflordiRiates
vibration propagation part of the PVE of the i nvention is ideal |y fornmed by

appl yi ng f‘e (%}I{ﬂson'tﬁlésoi'g Q’at &I%Ec@%héxte B os‘ih “%Srei}ﬂ‘?ratwﬁ

V|brat|onasor ng materla the nt|o may be
duct t ... Th i b t t qf t PVE th
ovent | on iR HEELE uﬁa& eanefy 8 GHEUR" B3beor bo rsen?ﬁteem his

vi bration el enent par& Lhe PVE, of the invention sefuII may have,_ at

| east a pAIRERAM; kpEe Lﬁdeé pokflatie displacement nyedila: ofh@ mepbiegred ¢n
princi pal plane, and a groundi ng el ectrode at other principal plane. 20

Bri ef ®esdligpsi by nfaking Dsavifigse Engrgy Aondime memtpébei vibraitéon choavsPE in
an enbodi rent of the invention. Fig. 1 Bis a sectional view of a

pi ezoel eckingsvidiilatwove ehadepheatiowehe Nextigatibm electrodA | Ind thieagiodn
explaining a relative displacenent profile of LOM and 25 third-order

overtone pR&&ralelpértivh, 'B‘ﬁdevﬁBfra@m%:{ H%gﬁal%ﬁ&@nt E'tﬂen@@tés%ﬁp%ﬁ%h‘t?ﬂi’&
view of the PVE shown in Fig. 2A Alsadlagramexp aining a

relative S I iR an

| nt ogr at edts ?iﬁureﬁeﬁéfﬁ% ef’%lﬁi’%%%& He Sligknt .r%;:%?eco”w"’latt?lg
part. 30 Fl 3BI ectlo f t h shawn in Fig

e & ot agrafin Aisiarered! Frafusio pﬂaecil?iyfb& Gy & é@tLeﬁm’i‘aﬁﬁrogd
Decenber 2002 10 third-order overtone node in an integrated structure of

vi br al®on becemen spraklenrns eobratawayplopadde eeniri-t 6 ehewmvEnpig.nd a
groove in the boundary. 2 Decenber 2002 11 Fig. 4B is a sectional view of
the PVE slibenthirdropderaveEtone 3aode i sipgriom bx enengyngonfimemeént ithan

bet ween the depth of the standardi zed groove and the size of the relative
di spl acenghle DOWM. PVFhebeforg, th8 vibmitdonaotiaplex@inemniti of) theetldedt brdyr t he

st andar di zed groove of the PVE.
overtone mode 1is 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 displacement of the overtone mode is almost 0, that is, in the
20 periphery of the 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



"Fig. 6A is a perspective view of a piezoelectric filter as a practical
exanpl e of enbodinent 2 of the invention. i) Fig. 6B is a sectional view of
the PVE shown in Fig. 6A. 10 Fig. 7A is a perspective v?8gcember 2002

pi ezoel ectric element inverted in the axts 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. 7B is a sectional view of the PVE

shown in tbthpaked ¥Withi ghe Scdse af ex@raolOWMYrtdiv d6llawdagvpnsblums
energy confinenent type PVE. Fig. 9 is a diagramexplaining a relative

di spl acemgndrePiifdivesOthhW and third-order overtone node of the PVE shown
in Fig. 8. Fig. 10Ais a di agram showi ng a node of vibration energy 20

propagati on of e e s Fl B_j i i ymode
of vibration en??lgeyhgﬁg%géé)?irboaﬁstgggtlﬁlé:rgﬁls%%- (s){rxggfasg{:/@?%%e(fggﬁngfg&o?s,
Descri ption of e Pref.erred Enbodj nent 5 First enpl ar nmbodi nent 12
2 Decenber Zooz&gé?éilglﬁﬂf%mv??ﬁnt%aé}rgqﬁ’r?g‘é,usteh‘ém Erﬁdélﬁ'(ﬁi %gto a first
enbodi ment of the invention is described below. As shown in Figs. 1A and
1$, the PVE of dhdsshibiankicte resligei aeadjgstmentyfugeaconstitnionnt part 1,

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

t hi ckness than tOwinithatase ef ayensf paezodlectdicammtenial 6f ovlsiehs O WMt he
boundary of the vibration elenent part 1 and vibration propagation part 2,

10 d) excigadidfddls thRCEHEFEP cOnTPR Mm@t dvhditfoh deethé BVENhPACK Htee off
the vibration elenent part 1, e) a connection electrode 4 disposed in the

vi bration gai,| : ] t - r

connect ed SFASEF FhePPOVPM cheifi¥ol 10381 3% Righitr YEAR iy BLRhe [ ffRtone
el’'ement part .1 and vi keation praqpagatko art. 2 ar i.nt.eqgr.al
Chrough | A0gPoonieabrdiREl bt FRREROL AR Ribinrcbothg (REROWM iR Aowh
connected to the connegct.on,.el ectrode di sposed in the yibratio

pr opaiét i R H'a?‘rriie nsg rﬁfgﬁg‘h rétlﬁfl@réﬁﬁérlﬁa eébe‘f Qicﬁf%ﬁﬁgYeF%ﬁPﬁﬁée%? g?ﬁEePOE
havi ng such caonstitution is described, bel ow.  The foll owi ng exanple rel ates
to a PVE dhenl@AVMi andi pverteonei made t il bichass shagthodpoit pddingspng a

crystal AT plate with a plate
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-term
reliability.

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



_ thickness of 120min the vibration elenent part. 25 In the constitution
shown in Figs. |A and 1B, the vibration 2 Decenber 20022 DRcenber@02 s
confined underneath the excitation el eqtrodes 3. However, the degree of
attenuation of vibration displacenment due to energy confinenent depends not
only on the size of the excitation electrode 3 but also on the mass of the
excitation electrode 3. The greater the 5 mass of the excitation el ectrode
3, the larger is the attenuation of the vibration displacenent. On the

ot her hand, if : . i i i o] 4 he
excitation el ecttrrlrﬂgéxcqaGae gﬁ%l?iséh%g’ggaé%n%&é @g g@@%%@é‘?}r@gﬁ%bﬁén‘? 1§§erncé

i npedi ng tahebyechri@iréadno phesent 4 IMH tapableeofesuppicasing thee LOWNOekEicizntly aad!| ar ge
nMass i s onia of the ,s,actors for 10 increasi n&‘et he resognance i npedance,

Ther ef or e allpWinede aititize thepvertena medrstably it Badepia pigzedectaemplerigho yhigh

silver or rgakfl QBHdME he/ %n&rggo én?iﬁém ta&ﬁidlﬂ}/on?%?lﬂtalm"?g&%ﬁt i 1dpoRANdS Of

angstrons. Supposing to use as the materi for e excitatiron

el ect r 8de reliabilithdefankd thel vilrattoraalpiment pant endevibmtion prepagationgshet @t n#Hdo @f
angstronms in 15 thilckness is formed on the face and back side of the PVE
princi pal SYPEHESTIRLi ts center. By way of conparison, Fig. 2B shows a

consti tution of TBVENRBA! 13 WBRIEHREEY ERF st &Mih oIhipRsBYE [s a compl etel y

flat single plate. Fig. 2 ows the relative displacenent profile of LOM

and t hi rd- or der apyeibrasivn ebooentpartt he PVE in Fig. 2B. In Fig. 2A, the 20

axi s of absciss denotes the distance.in.the vibration,pro i on

Gt ecti on tr om Dhe VR priPeeeia RERRGE O h ind ol ln Bt FpisBhess

repr egent $hdnBe vdrafon\eferint phdcement supposi ng the di spl acenent of the LOAM
and third-order overtone node of the PVE 10 in the center to be 1

respectively. By the eh&gtppvedisbpsedrinithe padaryerfdhe vibrasioneleragnt part 28d

di spl ace t t qaol toward the end of the PVE. However, 2
Decerrbern&%ﬁ%ﬁ@ﬁ%aelg??%’%%}ggrence in the energy confinenent

performance bet heamih hibrdtlonht drrdbvehtotgmodger overtone node. The rel ative
di spl acenent at the end of the PVE of the LOWMMis about 0.02, and the
rel ative displ aterBein vabration syfficieytly afenuatrsephess saldpybration ghangnt ®agos. The

5 relativ i R : ) excitation electrode 8 of the
35 veoficRdag AR vgprfgt?]oerf é}gP%moREa_ g

LOMW i s about 0.56, an ative displacenent of the third-order
overtone node i saidigoenveOrefiéets i JpwSB osdervwaee R\de hebiatign rgengratedvim saidt he
boundary of, ~. vibration elenent part 11 and vibration propagation part 12
whi ch arevilﬁatrlr‘HH%lerB?ntsP&ﬂe material and are integrated. Fig. 3A shows a

relative di spl aggpRNiveRbRd hloBe e WhG:1ENG ??Ql‘é”?hfcﬁnég% %iregt%n hag bEViR-af) the

structure shown in Fig. 3B has the sane effects as the PVE shown in Figs.
10A and 10Bnesr(nt bringa e patiralt mzpbarh & OMM wihen fthe {OBMYY iy firstderdepidsrsgednsin
propagati Qpart 12 is decreased. - However, since the

In this constitution, the PVE of the invention brings about the following two
effects:
An effect of leak of vibration energy of LOWM through the vibration
propagation part; and
25 An effect of increasing the resonance impedance by disturbing the resonance of
LOWM as the reflected wave of vibration occurring in the groove portion induces an
undesired vibration.
Owing to these two effects, the PVE of the invention is:
1. Capable of suppressing the LOWM efficiently if using a piezoelectric
30 material of which LOWM satisfies the energy confinement condition;

2. Excellent in long-term reliability because the vibration element part and



. 15 vibration elenent part 11 and vibration propagation part 12 are made of
sane material, it is excellent in long-termreliability. APesbabsr 2002Fi g.
3A, the third-order overtone node attenuates sufficiently with the relative
di spl acenent at the end of the excitation el ectrode being about 0.04, and
the relative displacenent of the vibration propagation part 12 20 in Fig.
3B is nearly equal to O in vibration displacenent sane as in the case of
Fig. 2B. Inthe PVEin Fig. 3B) the LOM corresponds to the non-el ectrode
portion 11.between thﬁpexci tatio (gtl ect rodet 8 andd vi bration propagation
part 12, %‘Ha?%l”\?%%a PBﬁ“&fes’B? X r?esr?fneaﬁl?’gﬂﬁa?%s. However, the vibration
di spl acement dogs MRtreaiddeinutieenidhbdrnoft Partsvbédaatd anuRingPEeitl 6N cdidlahd 12,
and at the end of the PVE, the _ 2 Decenber 2002 15 relative displacenent
i s about Gapagitorismehneadgd w the oseillation ¢itquife di spl acenent at the end of the

PVE of the LONWMqi e ' B r ' di spl t dm Fig.
3B is about 6 tiTlrlrlgerlg € \P/fe}{:rg,'[:llﬂ \g)se ﬂé gﬁ%@é%ﬁ%\@éoﬁﬁggﬁgﬁﬁqﬁys& the

di f f er énceibratisreélaimenepatt Hl vib@tiem propag@npatthddfithd AFEWIhkainventicngaiddy of
the LOM | eaks outside by the provision of the vibration propagation part

12. As a rethgthickness pfthe piration gegentart, ispeeferablyfefined fbreld9EEesst the LOM
i ncreases, and t CURY, fos s Lok oove
is provided in tTFlllg “@oundg‘?ﬁ"@?’ ft% ﬁ%ﬁ%?gﬁe&ﬁvﬁ}m& rgn%%"iggﬂiml%%s \%Pﬁrati on
pr opagat i oibrpidort, withhthe vibfddiaraei elhentspaptpandsid bratiom pmopef dtoat panteintegesedcondly ai ned
below. In.the RVE.in Fi g 4B, ..in.the boundary of the vibration el enent part
11 and vi Bf el"'?lraB?’E)B‘é’Q gart’(ﬁ?ﬁdﬂ)rgf’t_t‘on_tz of the PVE in Fig. 3B, a groove 13 of

| Owm ijp wi dt h aﬁ%e%@orﬂ%iérﬂ%réﬁﬁ%ﬁohiaﬁ%mVﬂ I thedh P@¥idn 13ideslly RrARE by N
both. of the 15 face and the Dback side of the principal plane of the

pi ezoel ectapplying dribration-absagbing maseripdonatsrogtes cirqumigrenst.acenent profile of
the PVE in Fig. 4B. .The vibration _di spl acengen f t.hi rd- or der ,qvertone
mode. att enuat os 1061 YPETgPytbirey petelfl 5r TEneVExel s ininpEchRb B 8 anc
sane as i Rohdetityatdtiabi 9. 2B and Fig. 3B, the vibration displacenent 20 in
the vibration propagation part is nearlgqegual to 0. However, the relative
di spl acenent at Theeiradonproppgationeagcifdbe PVE ofithe inventigft may hayauppepRerabout
0.12, i i : in the piezoelectric vibrator in Fig. 3B.

Ther eflgpeﬁfatdﬁzdlgﬁgglg%iogﬁg@nogﬁg%ﬁl eak effect of the LOM seens to be nearly
sane as in the AYE vibrafio eledint pit @f the PYEpafytha dnwaentientusefinlly andyhlkeavei dor at i on
di spl acenent of the, L in the 2 Decenber 2002, 16 houndary, of the
Vibration IESLHERE Ogg}@%ﬁ% apdiguipyt sf?ct;s? aeReisly qidistprinsipal plapg angy e

Wi t hout  gr,QQ¥endSy &1Bctfddd-at g{ﬁerf)mi%ﬁb%gye di spl acenent is about 0.17. In

t he PVE having groove as in Fig. 4B,

20  Brief Description of the Drawings

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. 2A is a diagram explaining a relative displacement profile of LOWM and

25  third-order overtone mode of the PVE made of a single plate.

Fig. 2B is a sectional view of the PVE shown in Fig. 2A.

Fig. 3A 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.

30 Fig. 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



_the relative displacenent is 0.36. In the case of the PVE having the 5
groove 13, the relative displacenent is about 2 tines tha2 Dscérhbert200200ve
13. It neans that the vibration of thegOANM not attenuated sufficiently is
reflected in the groove area. The reflected wave of vibration is an
undesired vibration for the resonance of LOM which is effective to

i ncrease the resonance i npedance of the LOWMM As 10 nentioned earlier,

nor eover, even if the groove is provided, the size of the displacenent of

the LOMW h - r eak
effect of l(ia 1%6 Q,FR B‘O‘QF E %nf @Eﬁ%ﬁ% O§t§ﬁ gog V@isag qu éﬁt\l\f%ﬂ%?h
effect of vﬁbi@ﬂi@ﬂ;&bﬁégahbﬁpm@ﬁﬁﬂﬁm hiﬂ?@@@@ﬁﬁbv@in the bohﬂi’tﬁlrjz.Q/\M as the
reflected wave forned in the groove area I nduces an 15 undesired

vi bration. Therefore, the PVE shown in Fig. 4B can suppress the LOM
efficiently. Fig. 6A shows a relative displacenent to the standardi zed
groove depth (2h/H) shown in Fig. 5B. The axis of abscissas in Fig. 5A
denotes the standardi zed groove depth (2h/H), and the axis of ordinates 20
represents the relative displacenent at the end of the PVE and in the
boundary of the vibration elenent part and vibration propagation part.
Herein, the standardi zed groove depth (2h/H) of the axis of abscissas is
standardi zed by the plate thickness H of the PVE and the groove depth h.
The vi bration di splacenent in the boundary of the vibration 25 el enent part
11 and vibration propagation part 12 is an index for the 2 Decenber 2002
17 effect of suppressing the LOM by the refl ected wave. As shown in Fig.
5A, the vibration displacenent in the groove area in the boundary increases
as the standardi zed groove depth 2h/H is larger. On the other hand) the

vi bration displacenment at the end of the PVE is an 5 index for the effect
of leak of the vibration energy of the LOMMto outside. The vibration

di spl acenent at the end of the PVE is neaxly constant at the standardi zed
groove depth up to about 0.67, but decreases suddenly when exceeding this
| evel . This is because the effective sectional area for propagation of the
vi bration energy in the 10 vibration propagation part 12 becones snall er.
O) as shown in Fig. 5B, if the groove 13 is too deep, a problemoccurs in
t he mechani cal strength. Therefore, the standardized groove depth 2h/His
preferred to be 213 (about 0.67) or less. The form ng nethod of the gxoove
I 3 includes a nechani cal process such as sand bl asting. By such nethod, 15
t he nechani cal strength of the groove 13 .may be decreased due to effects
of processed degenerated |ayer. In such a case, by making use of difference
in etching speed by chem cal etching, a fine groove free from processed
degenerated | ayer may be forned easily. 20 Second Exenpl ary Enbodi nent A
pi ezoelectric filter in a second enbodi nent of the invention is described
bel ow while referring to the drawings. Figs. 6A and 6B are a piezoelectric
filter of which main vibration is thickness shear .vibration, using a
crystal AT plate. Fig. 6A shows 25 the appearance of the piezoelectric
filter, and Fig. 6B is a sectional view 2 Decenber 2002 18




_ of Fig. 6A. The piezoelectric filter of the second enbodi ment conpri ses:
a PVE including: a) a vibration elenent part 14 conposed of a crystal AT
plate, 5 b) vibration propagation parts 15 di sposed at dBe¢erebri2008 t he

. longitudinal direction which is the vilrlati on propagation direction of the

vibration elenment part 14, c) a groove 16 forned in the boundary of the
vibration el ement part 14 and vibration propagation parts 15, 10 d) an

i nput el ect r odd'ig7 4B isnadseationel anewosf tlm@%p\?Era:hmn 1 Hag. 4A.t he
vibration elenment part 14, e) an output electrode 18 formed at other end of
the principal FigndHdis hhtiagranakxphalieipgetlie paldtidd bdtweegthedaipny of

el ectrode 19 fornmed on the back side of the 15 vibration el enent part 14,
9) a Vi brige efp®sIiRe A%k FRvY AAH tHE S1RPOSEIe Pb1AiGENHYSIAMEMERE ¥ itdle
formed at the side of the vibration propagation parts 157 and h) a fine
metal wr %‘1 for keeping conduction between external term nals of the

i nput el ectirode 17 and out put el ectrode 18, 20 a nounting substrate 22 for
mount _ng the P\E, an external term.nal 23 foy transmtti n electric
S onaP P om t ne o 1y 2SR Ao e 3Dl RSB Shdleniy STPe ETRARTOHGH ar
in shape. Wien the electrode is formed in the entire element wdth

di rect i orgraoy® @f\bh@;P\EEnnot be 25 confined in the width direction.
Therefore, the displacenent of end 2 Decenber 2002 19 portion of the

el ement wi dt h dfigcBidornisdeepemspeativenudes saf raichiezdebeetric nfiltieirs aBVE, t he
vi bration propagation part is not disposed in the width direction so as not
to i npedepidutivabegampleasf éidodiatdng dfoglee imvéheiod.dth direction, and is
(dijsposed only in the vibration 5 propagation direction. Sane as in the

first embodi menkig 148 i‘éia{)rs@E’bi‘b@laﬂ'\fiW%f It%BEtPV‘E 8RewMi Ph Filg0Tg A1 Opagati on

t
part 15 are made of a sanme material . | his structure, although the

vi br gti on di spl t. u fi.c] | y..: & j I ener gy
of 1R Lo i ekl 1rds I R AT Ot LibrERlestrisseat bt Bhvprdl

Mor eover, . t vi br at i,on-.absor hi ng. erial 20 e of .conductj.ve terjal
o appli o ARy AR a5 BRGNP AHOBa AL iHen cBEET £ ChndifERess digsetion”of

pi ezoelectric filter of the enbodi nent can absorb the | eaking vibration
energy ef ithiwm pjokate & Riats A§ & Pragticed exrmpde ol e bodiment| 3tad thaal
23 15 and the grounding termnal 19. In the groove 16 in the boundary

bet ween tinwvemtioati on el ement part 14 and vibration propagation part 15,

reflection of vibration of the LOM occurs, and undesired vibration takes
pl ace. Accordi nfly. 7Bhs &\éecoiorndievivboditiienP VA sholas ihhEigfTect of

di sturbing the resonance of the LOM and increasing its 20 resonance
i mpedgnce. Therghgpreas fshaudi &4pRlealdryC dibkk8in SHPPL €6ShPéntional 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



_the LOM efficiently and utilizing the stable overtone node is realized.

* Third Exenplary Enmbodinment 25 A PVE in a third enbodi nent of the invention
is described below 20 while referring_to the draw ngs? Decemakas 962 2002
Fig. 7A and Fig. 7B shave a PVE of whi cl2main vibration is thickness

| ongi tudi nal vibration, having a structure inverted in the axis of

pol ari zation in center of t t hj ckness dj.rec of lithiumb5 njobate
D bate Fig. TRASTERE, Hask, thihe, it et pver Vi fogqyding T "o "hi?st
sectional view of Fig. 7A. , The PVE of the third enbodi nent conprises: a) a
vi br at i on eanbadimephof the boveetica i describadupelovobate z plate, 10 b) a
vi bration propagation part 25 made of a sanme material as the vibration

el enent part 24 Asmdliaowegint FdgshekAvwand, 18, ahgr BWVE 26 fhenerhbodimhent
boundary of the vibration el enent part 24 and vi bration propagation part

25, d) exGonwprigesel ectrodes 27 confronting face and back sides of the 15
vi bration el enent part 24, e) an upper lid 28 in the upper part of the

Vi bratgon propa tdggb%i?ng%e%%a@g&q.\eq lid 29 in the |lower part of the

vi bration propagati on par g)’an external terminal 30 disposed
in the lower 1id.,29..VWen the axis of polarjzati,on s oriented i.n,on

i rection only. Wit Tom I iagationgafs BanGolb ARmE B AL HAL P b
the first-order de. However, when the axis of polarization is inverted in
the cent ergr@ﬁtﬁﬁgg#@k%ﬁ%@am ﬂé‘tﬂbh@tmﬁe@]@mpfspﬁtlﬁel,second- order node.

25 Therefore, the energy can be confined. Since the LOMMis the 2
Decenber 2002 2k)segzndverGidisposed inhthe benuderynoddlie vibeationt eleament,
tent h-order, fourteenth-order, and so forth. As shown in Figs. 7A and 7B,

on and undgeartt bardd/kibtdidonmopdgatidd park Rpwer 1id 29 are provided. Since
the thickness of the 5 vibration element part 24 is smaller than that of

the vigration prgpggctasiondéldct2bdes Beconfionting thle f41R ¥idY ahidobaék ¥7BE!
part 24 will not be inpeded. Therefore, the PVE of this enbodi ment may be

Eut in a W@ibmiﬁﬁvﬁbméﬁf“b%ﬂ:hﬁ vi bration propagation part 25 can b_e

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 propagation part 2
are composed integrally through the groove 6. The excitation
electrodes 3 are electfically (\:onnected. to the connection electrode 4
disposed in the vibration propagation part 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 shear vibration, using a crystal AT plate with a plate
thickness of 120um in the vibration element part.

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



_'uti lized as the outer circunference of the package, the PVE can be 10
reduced in size. In particular, the height of the PVE can be | owered. The
Vibration energy propagating to the vibration propagatidie¢ember2902s t he

. second-order node (LOM). Therefore, ifi8he |ids are provided, the overtone
node characteristic is hardly changed. Sanme as in the first enbodi nent, the
vi bration propagation part 15 25 has the effect of |eak of vibration energy
of secondevetgy isocnfivedunsiddenestht the exicitathengelestrodesid t Atoweumadary
of the vibration element part 24 and vibration propagation part 25,

refl ecti othef degbeataforntoéniai¥drocefindbratidnintiepl 4 €smentr Aiortot RS gy
pl ace. It hence adds an effect of disturbing the resonance of the L(N\Kg/l and

20 | NCr eaghfizieriofie ANAREE: hERSHIAOEn e 3ifE D! the bheiRNFAUNRLPRNYY the

LOM efficrently and using t abl e overtone node is realize

f or egoi ng SCyJ ptl.o i.nLy xanpl e of i pkezoel [l
single cryg‘?a% SPSE’éxgﬁ‘%%ég? %{J#Rghgxglmméf feégggmgfee?%bt i ne%r:g%tt?]ﬁgthﬁVE
made of other pi.ezoelectric materials su s 25 piezoelectric ceramGs.

D Deceber st ot FhS X Rt BlEHPER 5. the 1PVESEN THEAIErBERHRS ORI 08 of
the invention have the followng two effects: An effect of |eak of

vi br at i onvibratgonofdisplagementigh O therathen basdagaf i bhe parass o thean
effect of increasing the resonance inpedance by disturbing the resonance of

LOMNM as t eaciteftienteddctrmde Bfisvid barge toeexcitxgion d¢leetpode\Beopar lamge
i nduces an undesired vibration. As a result, even in the case of using a

pi ezoel echia€s BotEmied! a Ubss b K oMY _ﬁﬁ‘tiin_ﬁ?ééﬁné hbeoridraticiont ArReaRBkult,
{cgndition, the PVE and 10 piezoelectric filter of the invention are:

Capabl e OkLgURRERSEIdW él'é_%gi&&@"?fcfﬂ &l ?Qi-éé/;m'éé%egév e | & tBRITHEIIPs for

reliability because the vibration el enent” part an I brati on propagation

Eiéfar?‘éeﬁﬁﬁ?ﬂﬁ%n% 7  TEbOhbfiee  SMpRRAREE TT THeLORyR naHle. coxfitpkRn
0SClI atio

Ui br at | on SPEHTEAE BopRPRPRGLY ofaRERY Qb RN ZHBR STDEPT (O7CERLG a5t APFORVE
Dy ATibARaIRERe by abounaundreds to thousands of angstroma. = o

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

PVE not 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. 24, the

20 axis of abscissas denotes the distance in the vibration propagation

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-order overtone mode 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,



.'a groove disposed in the boundary of said vibration elenment part and

vi bration propagation part; wherein the main vibration is the overtone
node; 10 the nain vibration sufficiently attenuates whek®esemben2d2at i on

" elenment part is connected to said vibragg on propagation part; and said
groove reflects a | owest order wave node vibration generated in said

vi bration elenent part. 15 2. The piezoelectric vibration elenent of claim
_ 1, wher eitherienis lae difference imtke erergyt kenfimemsenorpearfonmencodetiveen
first-order or second-order, the wavelength in the thickness direction is

(2n+1) tigRsLOWMI &9d 3 hidd LWrde rngvdi@oheOmodre | DheSte] 2EHR dVeHa ceBfent 20

3. The piezoelectric vibration element of claim2, wherein the ratio 2h/H

|5 2/3 0T $h8 WAR'6f NS PV GPRKR POWNE S aBvet 0,071 RAUPHE Yelativdd e

vi bration el'enent part and vibration propagation part dn 'S the

t hi ckness,.of ,the vi hratign enent part. 4. The piezoel ectri 1 br ati,on

el ement otiSPlaFFRsn V\Bgl’tg}%%hggﬁ)&l I PBPLEanS, qlgh%ést RO O @kcx(g%?'s s

vi bration, .and the vi bration el epent part and vipration propogf;ati on part

are i Rt egredetiyedigplacament; b 4 'eoﬁngr géaf@@t pypltatian tqlgptragde Fhof the

pi ezoel ectric vibration elenent of claim2, wherein said vibration

propagat i bO@ VBM tishalsout 0. b6 aninchtheselative dispdaicamentpbf dheothirdsondeer

circunference. 30 6. The piezoelectric vibration elerrent of claimb5,

wher ei n s@wekrtoner middenisahboubii@4material is a conductive material. 2

Decenber 2002 24 7. The piezoelectric vibration el ement of claim?2, further

conprising an UpREr 3B Gsiéwd hOWVE! havifg Be! Brodvsapiiechd dhsahda¥ybbat i on

propagat i O%}pari‘)ﬁ t5 8. réhe pi tezoel eC‘E{I c vibration el _eman]'Er of clai meZ, ode
erein p [ ;

and out pa?i ela\gzl:_t r%&gﬁ%n |?gﬂc}r}é %?Pnc?%glﬂop# Egé?agﬁgﬂa{{ 8906#3?%}“??%%‘? ode

“hnr IR A BRIQOKFARE,pBRsL a5h e B SRty wrhbo o) BBPR Baf (AT ca) c

Aa} ca} Ca]. N %s%q]ggglﬁcearltc%]rg?illg a(])tc % gai?%aﬁl. Csﬂocvﬂlciar! %ﬁ]gcaéﬁa] C’F}li]e CI<’ ao]fc%}]lg Talc

a] ca] ca! . .
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a] ca] ca] csimdtuapcshewnc &Eigc B dlantbe! samnepifppiapp) o iRV E] skeajvoajra] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]j cg] caJ ca] ca

] ca] ca] caFigs.| '10¥}endhl0B in the aspect that the cut-off frequency in the

ylhrirezenm) #) ###2$3% xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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5 "means that the vibration energy of the LOWM leaks outside by the
provision of the vibration propagation part 12. As a result, in the PVE
in Fig. 3B, the resonance impedance of the LOWM increases, and the
LOWM can be suppressed.

However, if a groove is provided 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 part 11 and vibration
propagation part 12 of the PVE in Fig. 8B, 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 pieioelectric
vibrator. Fig. 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 PVE in Fig. 2B and Fig. 3B, the vibration displacement

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 piezoelectric
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
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sufficiently is reflected in the groove area. The reflected wave of
’ vibration is an undesired vibration for the resonance of LOWM, which
v is effective to increase the resonance impedance of the LOWM. As
10 mentioned earlier, moreover, even if the groove 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 outside
is combined with the effect 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. 6B. The axis of abscissas in Fig. 5A
denotes 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 vibration 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
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other hand, the vibration displacement at the end of the PVE is an

5 index for the effect of leak of the vibration energy of the LOWM to
outside. The vibration displacement at the end of the PVE is nesrly
constant at the standardized groove depth up to about 0.67, but
decreases suddenly when exceeding this level. This is because the
effective sectional area for propagation of the vibration énergy in the

10 vibration propagation part 12 becomes smaller. Or, as shown 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
eft:ects 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 shear .vibration, using a crystal AT plate. Fig. 6A shows

25 the appearance of the piezoelectric filter, and Fig. 6B is a sectional view
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fo)ngitufiinal direction which is the vibration propagation direction of

the vibration element part 14,

, c) a groove 16 formed in the boundary of the vibration 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, j
g) a vibration-absorbing material 20 comp'osed 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 output 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 direction, the energy cannot be

25 confined in the width direction. Therefore, the displacement of end
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6 propagation direction. Same as in the first embodiment, the vibration
element part 14 and vibration propagation part 15 are made of a same

material.

( In this structure, 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
filter of the embodiment can absorb the leaking vibration energy
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 vibration
takes place. Accordingly, the PVE of the embodiment also has the
effect of disturbing the resonance 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 A PVE in a third embodiment of the invention is described below
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( ) a) a vibration element part 24 composed of a lithium niobate Z
plate,
10 b) a vibration propagation part 25 made of a same material 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 element part 24,
e) an upper lid 28 in the upper part of the vibration propagation
part 25,
f) a lower lid 29 in the lower part of the vibrgtion propagation
part 25, and
20 g) an external terminal 30 disposed in the lower lid 29.
When the axis of polarization 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
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lid 28 and lower lid 29 are provided. Since the thickness of the
5 vibration element part 24 is smaller than that of the vibration
propagation part 25, the vibration of the vibration element part 24 will
not be impeded. Therefore, the PVE of this embodiment may be put in
. ) a package. Moreover, since the vibration propagation part 25 can be
{
utilized as the outer circumference of the package, the PVE can be
10 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
15 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 takes place. It
hence adds an effect of disturbing the resonance of the LOWM and
20 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

25 piezoelectric ceramics.
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5 An effect of increasing the resonance impedance by disturbing
the resonance of LOWM as the reflected wave of vibration occurring in
the groove portion induces an undesired vibration.

As a result, even in the case of using a piezoelectric material of
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.
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10 109! Y", 10%&' (A piezoelectric vibration element comprising:

a vibration element part;
5 a vibration propagation part made of a same material, with a greater thickness than
said vibration element part; and
a groove disposed in the boundary of said vibration element part and vibration
propagation part; wherein
the main vibration is the overtone mode;
10 the main vibration sufficiently attenuates where said vibration element part is
connected to said vibration propagation part; and
said groove reflects a lowest order wave mode vibration generated in said vibration

element part.

15 2. The piezoelectric vibration element of claim 1, wherein, in the overtone mode,
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.

20 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.

4. The piezoelectric vibration element of claim 2, wherein the main vibration is
25  the thickness shear vibration, and the vibration element part and vibration propagation part

are integrated only in the vibration propagation direction.

5. The piezoelectric vibration element of claim 2, wherein said vibration
propagation part has a vibration-absorbing material applied on its outer circumference.
30
6. The piezoelectric vibration element of claim 5, wherein said vibration-

absorbing material is a conductive material.
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