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.TECHNI CAL FIELD 5 The present invention relates to the support of a
pi ezoel ectric vibrating reed and the constitution-of a container in a
pi ezoel ectric vibrator. : BACKGROUND ART

Api ezoel ectric vibrator, such as a quartz resonator, is often supported in
a 10 box-type airtight contBElHeE OGRTHBINVENTI@GN such as ceramic. Sone
pi ezoel ectric vibrators sealed in box type containers are called surface

nmounted PIEZOEDEJTRIT IBRATORr ators. These vibrators are suitable for
bei ng nounted on printed circuit boards of electronic equipnent and

are often used as cl ock sources or the like in tel econmuni cation
equi pnent, portable electronic 15 equipnent, etc. Apiezoelectric

vibrating reed to be used for th ' ' for exanple, a strip
rectangul ar plate type AT cut quiﬁw{#&ﬁ@peed, the outline of
which is showp in a perspective viewof Fig. 2. In_Fig, 2, reference
nuner aP | Wmth Er%ﬁpeeﬁéi“ﬁ’ sntiop rr&kaﬁeg todde, sunpert of & prezeeleotrie yibrating a

quartz vibrating reed electrode film A simlar electrode filmis
provi ded dged espnstigation of pconpainey im ptpiexdeleckticvibrater 1. Ref er ence
nunerals 111 and 121 are el ectrode | ead i nes of these el ectrode
films. These lines are arranged in such a manner that
BACKGROUND ART
Apiezoelectric vibrator, such as a quartz resonator, is often supported in a
10 box-type airtight container made of material, such as ceramic. Some
piezoelectric vibrators sealed in box type containers are called surface mounted
type (SMD type) vibrators. These vibrators are suitable for being mounted on
printed circuit boards of electronic equipment and are often used as clock
sources or the like in telecommunication equipment, portable electronic
15 equipment, etc. Apiezoelectric vibrating reed to be used for the vibrators is, for
example, a strip rectangular plate type AT cut quartz vibrating reed, the outline
of which is shown in a perspective view of Fig. 2. In Fig. 2, reference numeral 1
is a quartz vibrating reed, and reference numeral 11 is a quartz vibrating reed
electrode film. A similar electrode film is provided on a back surface of the
20 quartz vibrating reed 1. Reference numerals 111 and 121 are electrode lead
lines of these electrode films. These lines are arranged in such a manner that
they extend over both surfaces of an end of the quartz vibrating reed 1.
An example of a box type container for SMD type vibrators is composed of a

lower case 2 shown in an exploded perspective view of Fig. 3 and a lid 5 shown

25 in a perspective view of Fig. 4. The lower case 2 is a lamination of a first



they extend over both surfaces of an end of the quartz vibrating reed 1.
An exanpl e of a box type container for SMD type vibrators is conposed of a
| ower case 2 shown in an expl oded perspective view of Firg. 3 and a lid 5
shown 25 in a perspective view of Fig. 4. The lower.case 2 is a
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are made of ceramic. The first insulating substrate 21 is provided
as a pat t emaderof ceramic. Wil fibstt instl sting selsteatec2 1 aoiprdvaded A3 S%é?t%érri h SMD
type vibrators, and Wi ring patterns 213 connected with t e bottom
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221 for viprating reeds are connected with the wiring patterns 213 provided
on tlﬁ'épqrt?%‘ip‘i’%%laéﬁlﬁgtﬂhm9@9@@@mwrﬁﬁcﬁegard to the four
termnals 221 for vi brating reeds, two each are adjacent and the
term nal s whi dAnfadtep sufaceoofthe second msulatmgrsg;lbstniutelm fourcerininaky 221
connected. The quartz vibrating reed 1 is nounted on the | ower case 2
and the elferwvilnutingemddsiare prividedad nidallifedigitterns. By means of a through

hole (not shown in the drawings) provided within the top surface, the terminals
10 221 for vibrating reeds are connected with the wiring patterns 213 provided on
the first insulating substrate 21. With regard to the four terminals 221 for
vibrating reeds, two each are adjacent and the terminals which face each other
in a longitudinal direction are connected. The quartz vibrating reed 1 is
mounted on the lower case 2 and the electrode lead lines 111 and 121 of the
15  quartz vibrating reed 1 are arranged on the terminals 221 for vibrating reeds.
In such a position, the electrode lead lines 111 and 121 are adhered with a
conductive adhesive, thereby simultaneously achieving continuity and support.
At this time, it does not matter whether the quartz vibrating reed 1 is on the
right side or wrong side, or what direction the longitudinal direction faces. The
20 lid 5 is put on the lower case 2 where the quartz vibrating reed 1 is mounted,
and the peripheral bottom surface is airtightly sealed utilizing the lower case 2
and glass having a low melting point. A hole 222 provided at the second
insulating substrate 22 functions so that the lower case 2 does not touch the
center of the quartz vibrating reed 1 which has a great vibration amplitude .

26  Further, center grooves 223 are provided so as to avoid a short circuit of the



15 quartz vibrating reed 1 are arranged on the termnals 221 for vibrating
. reeds. In such a position, the electrode lead lines 111 and 121 are
adhered with a conductive adhesive, thereby simnmultaneously achieving
continuity and support. At this tinme, it does not matter whether the
quartz vibrating reed 1 is on the right side or wong side, or what
di r ect i onatfecent condudiviaadbésived. i dethdedcongtitutidDof thebéx typeeintaméene

| ower case 2 where the quartz vibrating reed 1 is nounted, and the
per i pher adeb@ibédnabové dechasicaly thedanye sealled distlobed rifi ThpanasecPatast 2
and glass having a low nelting point. A hole 222 provided at the second
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t he nter of the quartz vibrating reed 1 which has a great vibration
litude . Furth 2 ' t id
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adj acent cqnductive adhesiyes. Detailed constitutiaqn of the_box typ
Cohtai her vibraling gaedh | K5ae Mo qegt%\"a%\ilwwgtrﬁeﬁp%r@ﬂage bityofimed Rhewtd i n
Japanese Pat ent . Application No. Hei 7-316064. There are
roughl y t wdges misacpiezeelestric oibrating mepdgare gleeddpest lawer casewitht iang
reed. One (1) is a center supporting nethod where both of two short

edges of aopdectived adhesive o boraductiyer aredinaneongtuctise tadhesivese r Thasdher (2) a
conductive adhesive or conductive and nonconductive adhesives. The ot her

(2) id a cariaver SFporiiEAicthed wiireainyie tke 3wehdrbedies, cilgr the
edges, only the
edge where electrode lead lines are provided is glued to the lower case (the
10 terminals 221 for vibrating reeds provided at the upper part of the lower case)
with a conductive adhesive, and the other short edge is left not glued. For the
purposes of supporting a piezoelectric vibrating reed so that the vibrating reed
has sufficient strength to bear an impulse and avoiding a harmful influence of
the stress (or distortion) caused by the support upon vibration of the
15 piezoelectric vibrating reed, various proposals for improving both the
supporting methods have been made heretofore.

The center supporting method (1) described above has the advantages that
impact resistance sufficient to avoid damage of the piezoelectric vibrator can be
obtained and a thin container can be used because the piezoelectric vibrating

20 reed is stationary. However, it also has disadvantages as follows: due to a
shrinkage caused by curing of an adhesive (heat treatment for hardening) or a
difference in thermal expansion coefficient between the piezoelectric vibrating
reed and a substrate of the container or an adhesive, a residual stress arises
inside the piezoelectric vibrating reed of the completed piezoelectric vibrator,

25 whereby it tends to cause such problems that an oscillation frequency differs



edge where el ectrode lead lines are provided is glued to the | ower case
(the 10 termnals 221 for vibrating reeds provided at the upper part of

the | ower case) wi th a conductive adhesive, and t'he ot her short edge
is left not glued. For the pur poses of supporting a piezoelectric
vibrating reed so that the vibrating reed has sufficient strength to

bear an i fomh setauget axadinej the temperdtulre ichhramderistiofof the freqhencyt aadstieor
distortion) caused by the support upon vibration of the 15 piezoelectric
vi brat i ngigiperatuaé i chigraRiaisiel of fa0icomforomdek (O Bétvme turb&leMtoréd ng
met hods have been made heretofore. The center supporting nethod
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whereby the deterioration of characteristic which may be caused by the residual
10 stress can be prevented. Further, in Japanese Utility Model Laid-Open

Publication No. Hei 5-18121, it has been proposed that one of the short edges of

the piezoelectric vibrating reed is supported by a conductive adhesive (having

great hardness) and a soft silicon adhesive is applied to the other one of the

short edges, whereby residual distortion is reduced or various stresses are
15 absorbed.

In the cantilever supporting method (2) described above, the influence of
stress resulting from the support upon the vibration of the piezoelectric
vibrating reed may be considered negligible. However, since the cantilever
piezoelectric vibrating reed is used, when a strong impulse is applied to the

20 piezoelectric vibrator as it stands, there is a great risk of peeling of adhered
parts, breaking the piezoelectric vibrating reed, or the like. In order to avoid
such problems, there is a constitution such that a stopper to restrict
displacement of the piezoelectric vibrating reed is provided near a short edge
which is free from support. As a concrete example, Japanese Patent Laid-Open

25  Publication No. Hei 8-330886 has disclosed a constitution in which a bolster



tenperature characteristic of a confort index (Cl) becone turbulent, or
spuriousness arises. In order to avoid these problens, in Japanese Uility
Model Lai d-Open Publication No. Hei 1-143516, it has b€en proposed that a
6 nonconductive adhesive having a small shrinkage factor is applied to a

bottom surface of each short edge of the vibrating reed so as to pass
t hrough t bectivmard a buffer seqijver to suite asevophers ave ascthrgdven (v shortoedey al | y
has a | arge shrinkage _ factor) is applied to a top surface of each
short edggy @k dt&oUPadhéred. ' ¥ ther Ja?a%%r BRént 1214805 PuBlic@HoA No.
characteristic which may be caused by the residual 10 stress can be
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and the aforementioned other edge of the quartz vibrating reed.
Problems of the above-mentioned concrete examples of improvement which
have been proposed heretofore will subsequently be described. With regard to
a double application technology of adhesives disclosed in Japanese Utility
15 Model Laid-Open Publication No. 1-143516 related to the center supporting
method (1), since an operation of eliminating distortion is mainly applied to one
of the short edges which is a limited part, there is a doubt as to whether ox not it
is effective. In the majority of SMD type vibrators which are placed on the
market, although thickness or cost of the piezoelectric vibrator increases,
20 distortion is eliminated by gluing each short edge of a quartz vibrating reed onto
a flat spring. Further, it is expected that a combination of both soft and hard
adhesives disclosed in Japanese Utility Model Laid-Open Publication No. Hei
5-18121 will be effective. However, since this document is not written in a
manner to enable a manufacturing method to be completed, there is a drawback

25 to the realization. More specifically, a soft silicon adhesive is dissolved at



26 Publication No. Hei 8-330886 has dlsclosed a constitution in which a
"bol ster 4 section
and a buffer section to serve as stoppers are arranged dn the short edge
so as not to be adhered. Further, Japanese Patent Laid-Cpen Publication No.
Hei 8-186457 has di scl osed the follomnng art: a first adhesive is applied
to a apm‘nmmeteéy 3607Q; but keretofore akealingterhperaturasi the glasshavihg a
tenporary curing is 5 applied to the adhered section in such a manner

that the downnrltisgREHEI0 sehP the lid aﬁdalb%r\é'abé L 'd‘BoiEtgﬁ eicinPainepdyay the
section and a second adhesive is applied t hereto; Dy curing the
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since an operation of elimnating distortionis mainly applied to one
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influence on the CI or the temperature characteristic. Moreover, there are no

10  documents which have mentioned the difficulties described above. The art of
providing the stoppers in the cantilever supporting method (2) which has been
disclosed in Japanese Patent Laid-Open Publication No. Hei 8-330886 is also
same as the above, as far as incompleteness of the manufacturing method is
concerned. Also, the optimum material for the stoppers has not been

15 mentioned.

DISCLOSURE OF THE INVENTION
An object of the present invention is to realize a piezoelectric vibrator
housed in a box type container and having a center supporting or cantilever
20  supporting piezoelectric vibrating reed which is capable of efficiently absorbing
residual stress caused by adhesion and additive stress caused by temperature
change and also having excellent quality and performance.
In the present invention, the center supporting constitution of the
piezoelectric vibrating reed is such that one edge of the piezoelectric vibrating

25  reedis fixed, supported, and connected by a conductive adhesive, and the other



Is effective. In the majority of SMD type vibrators which are placed on the
mar ket , al t hough thickness or cost of the piezoelectric vibrator increases,
20 distortion is elimnated by gluing each short edge of a quartz

vi brating reed onto a flat spring. Further, it is expected that a
conbi nati on of both soft and hard adhesi ves di scl osed in Japanese

Utility Muedge isglwedpen 16wet casd with deoftiddhesive. Farflfek?a il Ahd#Be lower
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descri bed cABS¥® by RS RidtifH in temperature used or the like, which means there is

hardly any variation of frequency in assembly and there is no abnormality in
10 the temperature characteristic. Due to a buffer effect of the soft adhesive, the

piezoelectric vibrator is excellent in impact resistance and the piezoelectric

vibrating reed is stationary inside the container, whereby a surplus space is not

required and a thin case can also be realized. Incidentally, it is preferable to

have the Yang’s modulus ratio of over 500 of a hard conductive adhesive to a éoft
15 nonconductive adhesive.

Further, the cantilever supporting constitution of the piezoelectric
vibrating reed is such that a stopper made of the soft adhesive is provided near
the other edge of the piezoelectric vibrating reed and the case is sealed using the
sealing glass having a low melting point which is not dissolved by the soft

20 adhesive, as a result of which there is no shift of frequency which may be caused
by the sealing and an excellent shock absorbing stopper in which the
characteristic of the soft adhesive is brought into full scope is realized. Further,
due to the cantilever supporting constitution, there is practically neither
residual stress which may be caused by the support nor additive stress which

25 ~may be caused by a variation of working temperature, and there is neither



providing the stoppers in the cantilever supporting nmethod (2) which has

been di scl osed in Japanese Patent Laid-Qpen Publication No. Hei
8-330886 i s al so sanme as the above, as far as ineonpl eteness of the
manuf acturing nethod is concerned. Also, the optinmum material for the
stoppers has not been 15 nentioned. DI SCLOSURE
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i nvention, the_center supporting constitution _of the .. piezoelectric
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reed is fixed, supported, and connected by a conductive adhesive, and the

other 5 only when an impulse of over a specified strength which may cause damegpeafias
glued to a Il ower case with a soft adhesive. Further, a lid and the | ower

case are suppostily seetibhnNg givas Sdite te theconductité tadh@spa, rtheVibiegfelestritot
di ssol ved by soft adhesive. Thus, shifting of frequency resulting fromthe
vibrating reed and the stopper made of the soft adhesive colliding so as to
prevent damage of the piezoelectric vibrating reed itself or the supporting
section. Further, by controlling the quantity of the soft adhesive and the
10 above-mentioned clearance, it is possible to control a total thickness of the
piezoelectric vibrating reed so as not to be excessive and to be at an appropriate
value.
Further, in both the center supporting and cantilever supporting

constitution, it is possible to heighten the realization of the above by using a

15 high molecular thermoviscous resin for the conductive adhesive.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1(a) and 1(b) show an example of a first embodiment according to the

present invention. Fig. 1(a) is a plan view after removing a lid; Fig. 1(b) is a
20 sectional view taken along line A-A.

Fig. 2 is a perspective view showing an example of piezoelectric vibrating
reeds.

Fig. 3 is an exploded perspective view showing an example of lower cases.

Fig. 4 is a perspective view showing an example of lids.

25 Fig. 5 is a sectional view showing an exemplified case in which a soft



sealing is slight and stress absorption characteristic of the soft adhesive
S 5 brought into full scope, whereby it is alnobst possible to

conpletely alleviate the occurrence of residual stress which nay be
caused by nounting the piezoelectric vibrating reed. Further, there
I's hardly any additive stress which may be caused by a variation in

t enper at uraethesex wragplied oxly, bethieeh abettemtsuefazeiof the piezdededitiy vibyating
variation of frequency in assenbly and there is no abnornmality in 10 the

t enper at unrged P TowEricase.Due to a buffer effect of the soft adhesive,
t he pi ezoel ectric vibrator is excellent in inpact resistance and the
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nonconduct i ve adhesi ve. _, Further, the cantil ever supporting
const i Put vBewda ﬁ@lﬁnﬁb@él%&-ri c vibrating reed is such that a
stopper made of the soft adhesive is provided near t he ot her edge of

the piezoelectric vibrating reed and the case is seal ed using the
sealing glass having a low nelting point which is not dissolved by the soft
20 adhesive, as a BESTNMODEWORIICARRYENGOUT $HE INMENTEQNency whi ch may

be caused by the sealing and an excell ent shock absorbing stopper in
whi ch t he [First enfBt@imehgy | stic of the soft adhesive is brought into ful
scope is realized. Further, due to the cantil ever supporting
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vari atl'bon fﬁ'fst € rbl%idilx%ehxe, a (%rra{nué’ o thaerbq'etsgr?tri%viersxtigﬁ.i t ?‘1egr 1(a) is a plan view (a
case in which the lid is removed); Fig. 1(b) is a sectional view taken along line
A-A (a case in which the lid is put on). The same numerals are given to the
parts already described in the conventional examples and the description of
these partsis omitted. These parts are: each part of a quartz vibrating reed 1
156 (refer to Fig. 2); each part of a lower case 2 (an integral lamination of a first
insulating substrate 21 and a second insulating substrate 22 both of which are
shown in Fig. 3); and a lid 5 (refer to Fig. 4).
In Figs. 1(a) and 1(b), conductive adhesives 3 provided at two places glue
electrode leader lines 111 and 121 of the quartz vibrating reed 1 which serves as
20  a piezoelectric vibrating reed to two terminals 221 for the vibrating reed of the
lower case 2, respectively, and these are mechanically fixed simultaneously with
electrical connection. Although a distance between two adhered places is short
because only one short edge is employed, for example, there is a case where a
conductive adhesive whose base material is a thermosetting epoxy resin or the

256 like becomes too hard after curing due to an influence of thermal stress. In



7 variation of frequency nor abnormality in tenperature

characteristic which may be caused by the assenbly. Since a suitable
cl earance is provided between the pi ezoel ectric vibrating reed and
the stopper, the stopper is not responsive to normal accel eration

which is encountered at the tine of daily operation, and 5 only when an
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supporting section 1s given due to the conductive adhesive, the
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and caht i Ithesmosefting resin. The othen shiortedge of itheitmq@f@gsmbwetmg)mefglmsen
the realization of the above by using a 15 high nol ecul ar thernovi scous
resin for glhed evitld acsofv roactshictiee (insulating) silicon adhesive 4 tBfidbther two
DESCRI PTI ON OF THE DRAW NGS Figs. 1(a) and 1(b) show an exanpl e

of a fir stepnbesisBEaN fRCEBEAHIAS rb6dd B the lowerPéReeNDueeitsi fitkibitity,; thd a)
is a plan view after renoving a lid; Fig. 1(b) is a

soft adhesive 4 not only relaxes all stress (distortion) which remains after

assembly of the piezoelectric vibrator or arises during the operation, but also

10 further improves impact resistance. As described above, the piezoelectric
vibrating reed 1 can be securely supported on the lower case by gluing it to the
lower case at two places with the soft adhesive 4.

Particularly, the conductive adhesive 3 is applied in such a manner that it
covers both of the top and bottom surfaces of the piezoelectric vibrating reed 1.

15 Thus, the piezoelectric vibrating 1 reed can be securely fixed in such a manner
that one end of the piezoelectric vibrating reed 1 is held from the upper and
lower sides. Further, the soft adhesive 4 is also applied in such a manner that
it covers both of the top and bottom surfaces of the piezoelectric vibrating reed 1,
and the piezoelectric vibrating reed 1 is held from the upper and lower sides.

20 Further, as shown in Figs. 1(a) and 1(b), both the conductive adhesive 3
and the soft adhesive 4 for supporting short edges of the piezoelectric vibrating
reed 1 at the points have a circular base and a semi-spherical head, respectively.

Fig. 5 is a sectional view showing an exemplified case in which the soft
adhesive is applied only between the bottom surface of the piezoelectric

25 vibrating reed 1 and the lower case. Compared with the constitution of Fig. 1

10



20 sectional view taken along |ine A-A Fig. 2 is a perspective

vi ew show ng an exanpl e of piezoelectric vibrating r eeds.

Fig. 3 is an expl oded perspective view showi ng an exanpl e of | ower cases.
Fig. 4 is a perspective view show ng an exanple of lids. 25 Fig. 5
Is a sectional view showi ng an exenplified case in which a soft

8 in whichdtlesiseft Adh&ié ideis applie@ebVRNupp&obndnlostr’ sidesadf the

pi ezoel ectric vibrating reed and the | ower case. Fig. 6
shows an i ' : thFefg t

I nventi on.ﬁif%:%i&&'? g)v;ﬂl)s a% ﬂ%@ﬁ%?ﬁ?%ﬁﬁg%&t éthh]g | fgé?g .afg‘irbfh‘? S a

secti onal S vi ew taken;al ong hi ne_ B-B. . BEST
ARV NG SRS FRARPed o Expinble, ahep,gpppared to using A glfay
and 1(b) show a piezoel ectric viprator ich is an exanple of a.,. 10 first
enbodi rrenf’lqﬁ‘@é%'i ﬁawgl& %ﬁweﬁ%ggﬁ wggahentathervgrage gxtend %sgr%ﬁaviw (a
case in which the lid is renmoved); Fig. 1(b) is a sectional view taken

al ong bi nzeduced froma-23.2qque to rSvibpin and alstandardpleviatipn of dispeasionmarer al s

are given to the
be reduced from 19.7 ppm to 4.3 ppm. Sealing glass 6 having a low melting

FOR
a)

point airtightly seals the lower case 2 and the lid 5. A sealing temperature of

the sealing glass 6 is 340°C or less, actually approximately 320°C, and the

sealing work does not lead to dissolution and decomposition of the soft adhesive
10 4.

The soft adhesive employed in this embodiment is, for example, a single
liquid nonconductive type and it was originally developed for die bonding to be
carried out for stress relaxation of semiconductors. This adhesive becomes
hard in the shape of elastomer and is adhered in a short period of time after

15 application and heating. The main characteristics after hardening are:
tensile strength of 22 kgf/em? at 25°C; ductility of 220%; Young’s modulus of 11
kgflem? ; and adhesive strength of 6.5 kgficm2 . Incidentally, Young’s modulus
of a conductive adhesive for support and fixation is 42,000 kgfilcm?2 , whereas
Young’s modulus of a soft adhesive is only one 3800th of that. This evidently

20 shows how flexible the soft adhesive is. It is preferable that Young’s moduli of
the conductive adhesive and the soft adhesive to be used for the present
invention are in the ratio of 500 or moreto 1. If the ratio is 1000 or more to 1, it
will be more preferable. Further, the sealing glass whose main component is a
plumbic oxide is the one which has obtained characteristics (strength, moisture

25 resistance, etc.) almost the same as those of conventional glass by adding an

11



parts al ready described in the conventional exanples and the description of
these parts is omtted. These parts are: each part of a quartz vibrating
reed 1 15 (refer to Fig. 2); each part of a |ower case 2 (an integral

| am nation of a first i nsul ating substrate 21 and a second insul ating
substrate 22 both of which are shown in Fig. 3); and a lid 5 (refer
to Fig. 4)agentfor adaptingriofhg<oefficiéntaofdhefiopl expartuion iof @ cettimede wetegial
provi ded at two places gl ue el ectrode | eader lines 111 and 121 of the

quartz vi QAa08Y of tesl cdsehithbuglethie sealing gliss ltasia brp eheélting soint lbf 3200
reed to two termnals 221 for the vibrating reed of the | ower case 2,

respect | velich?iid diaABAA SEANANELAL el yeHapd Ul L aneousl y wi Lh

el ectrical connecti on. | stance between two adhered pl aces is

SO uner o SRR B AR, i BB, S0 PR oh6
e Y e e B Beind S PE IR g2 iR hasebe

9 order to fully relax the thermal stress, a conductive
adhesi ve hdassngotihayie to be restristedto the jss-qaled. biggnwes plypief piegoplectrie | s
suitable to use a conductive adhesive which is nmade by m xing a

silver fl| akbrating weedi ofi Figl & vihoset bentervisstlowk. It is preéferabdel theiti the
resin, for exanple a polysulfone resin, rather than a 5 thernosetting
resin. Thepiekdedecteieonibrating oéed i plate ttypy, forabxagpleedFirther, it is also
preferable that the piezoelectric vibrating reed is not a rectangular plate, but a
10 circular plate, for example. If the piezoelectric vibrating reed is a circular plate,
the edges facing each other will be partial circular arcs provided near both ends
of a line which is the diameter of the circular plate. The material of the
piezoelectric vibrating reed may be a piezoelectric material rather than quartz.
Further, constitution of the container does not have to be restricted to the one
15 shownin Fig. 3. Specifically, it will be sufficient if the container which can be
sealed by glass having a low melting point is employed. Further, it is sufficient
if the conductive adhesive increases in number according to the number of
electrodes. The materials of the soft adhesive and the sealing glass are also not
restricted to those exemplified. Mounting of the piezoelectric vibrating reed
20 and sequence and conditions of dssembling process of the piezoelectric vibrator
are not restricted to the above.
[Second embodiment]
Figs. 6(a) and 6(b) show an exemplified piezoelectric vibrator according to
a second embodiment of the present invention. Fig. 6(a) is a plan view (a case

25  in which the lid is removed); Fig. 6(b) is a sectional view taken along line B-B (a

12



glued with a soft nonconductive (insulating) silicon adhesive 4 to the

ot her two termnals 221 for vibrating reeds of the | ower case. Due to
its flexibility, the soft adhesive 4 not only relaxes all stress
(distortion) which remains after assenbly of the piezoelectric

vibrator or arises during the operation, but also 10 further inproves

| mpact r es¢aseanCHhids tHeded it an)VeThewnid at@edrald Gir€ given to \therpditsy
reed 1 can be securely supported on the | ower case by gluing it to the

| over cas ea]i"&aedsy‘agﬁﬂrﬁﬁﬁ?%fﬂ;lgﬁ‘%%tglﬁ‘lzéegés%crﬁﬁhgﬁ&fﬁe% parts is omi_t%ed'.D articularly,

t he conductiv esive n-su a manner that i covers

both of the t nd tt o f f the Bbi | ' ' ' 1.
15 'hus, ¢ he 1 B PEDRE S RE ARGty o SRR BOIIAG ) LA haVE o)
a manner t hat one end of. th i ezoel ectrjic vibrating reed 1 is held
fromthe uﬁs}?e?alﬁ%&onStlmnqxb%Fh%ﬁ‘gég?%ﬁFFW@Pﬁlm%t-soft adhesive 4 is also
applied in such a manner that it _covers_both of the top and bottom
surfacds of thé spopneretkis aillampi ofrsoft aghesiveiplaced on theslawermaspiZeirvelosetri ¢
vibrating reed I is held fromthe upper and | ower sides. 20

Furt her, asiciitywo onefshgst edgapf thel qidity, vibrating heed & rwlbichi sen atdfiveesd. veA 3
and the soft adhesive 4 for supporting short edges of the piezoelectric

vi brating stopper 4246 allvithp lof @oftcddieziviapkicad ehdidulthe k5 dnadléseavicinity to
sem - spherical head, respectively. Fig. 5is a sectional view

showi ng anyexehplti é&g‘% of TRE &u%ﬁwymt%ﬁfeihg 22011 which i84MANA. | STidR! ise4

only between the bottTom surfiace o | ezoelectric 25 wvibrating reed 1

i‘gd the | Os\ﬁgrhtcc?égfan%g rg%%ggn ‘é‘hé Hu&ﬁ% v(iﬂﬂls&x{é i’geidof ax% bkl of the stoppers 41

10 and 42 as shown in the drawings. How to manage the clearance is, for example,
as follows. First, a small amount of conductive adhesive 3 and a soft adhesive
for the stopper 41 are placed. After temporarily curing a part of the conductive
adhesive 3 using the art di:sclosed in Japanese Patent Laid-Open Publication No.
Hei 8-186457 which is given in the description of the conventional example, the

15 piezoelectric vibrating reed 1 is placed on these adhesives. When the
conductive adhesive 3 is then further added and cured, the other end of the
piezoelectric vibrating reed 1 is lifted from a top surface of the stopper 41 due to
the shrinkage which occurs during a curing process of the conductive adhesive 3,
whereby a proper clearance can be obtained. A clearance between the

20 piezoelectric vibrating reed 1 and the other stopper 42 is determined by
selecting the depth of the lid 5 in consideration of a thickness of the piezoelectric
vibrating reed 1, the aforementioned clearance between the stopper 41 and the
piezoelectric vibrating reed 1, thickness of each of the soft adhesives which are
the stoppers 41 and 42, and a thickness of the sealing glass 6. The sealing

25 glass 6 having a low melting point airtightly seals the lower case 2 and the lid 5.
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in which the soft adhesive 4 is applied to the upper and | ower sides of the
pi ezoel ectric vibrating reed 1, the extent of frequency shift before and
after the seal ing can be reduced. For exanple, when conpared to using
a quartz vi brator having a frequency of 4.8 negahertz, the average
extent of shift can be 5 reduced from-23.2 ppmto -5.1 ppmand a
standard déheseabngdemfiematurs ofitiemglass is 3406C roxdlessdaétinaily]lSproriatelyd. 3
ppm Sealing glass 6 having a |low nelting point airtightly seals’the

| over case320°@hdnidthe sehling Wosledbbd ot R’éﬁ%@ﬁbﬁo@ulﬂﬁn an(ﬂ ded (?S?ﬁhh {];%e
an 6

glass 6 is 340[err]C or less, actually approximtely 320 err

seal i ng Wﬂ@pﬁg-ﬁﬁﬂ‘ﬁhd'@@hﬁ%gfé@%@ﬁ?g%ﬂ&%@ﬁﬁomosi tion of the soft

adhesive 10 esive enployed in this enbodi nent

is, for exanple, a single | i qui d nonconductive type and it was
originally devel oped for die bonding to be carried out for stress
rel axation of sem conductors. This adhesi ve becones hard in the shape

of elastomer and is adhered in a short period of tine after 16

application and heating. The main characteristics after hardening are:
tensile strength of 22 kgf/cnR at 25TC; ductility of 220% Young's nodul us
of 11 kgf/cnferr]; and adhesive strength of 6.5 kgf/cnferr].

I nci dental ly, Young's nodul us of a conductive adhesive for support
and fixation is 42,000 kgf/cnferr], whereas Young's nodul us of a soft
adhesive is only one 3800th of that. This evidently 20 shows how flexible
the soft adhesive is. It is preferable that Young's noduli of t he
conductive adhesive and the soft adhesive to be used for the present

14



i nvention are in the ratio of 500 or nore to 1. If the ratio is 1000 or
‘nore to 1, it wll be nore preferable. Further, the sealing glass
whose nmi n conponent is a pl unbi c oxide is the one which has obtai ned
-characteristics (strength, noisture 25 resistance, etc.) alnost the sane
as those of conventional glass by adding an

11 agent for adapting to ChaAIM®fficient of thermal expansion
of a ceramc materi al (A1203) of the case although the sealing glass

nas a |ow el 1 ng Roigiéadlectal Cvibrator, “iifelefa) ot b | (A Ha8e-LREpER2SS

dogs not hiatve.b Agoéherhe odi rrelnt of the present invention w
_ 5 ! e \ : : .
ol oved. iBreERECEiLaFRe Sed IS AT GE' FLY P lhetd, BT 8L Mr T st oY g

so-cal | ed bi convex type piezogel ectri ) vi brating regd Fi g., 2 whose
center is ‘EQWEW.'at’r‘fe&Y g“‘}?%e? ey ?\‘&esﬂﬁ‘é the Otrheﬁi "é%?epgé'f’ﬁ El‘?ﬂ%ﬁ}eﬁpﬁg
reed is plate type, for exanple. Further, it is also preferabl e that
the pi ézoevibrating repdfacingdhe ove adge i fixed n swamgherplases of said jower cage
circular plate, for exanple. If the piezoelectric vibrating reed is a

circul ar phytaccomparatitdly seftyadhésice;nand aaid luwerrcasel dnda hbdrwhich civers| ar

arcs provided near both ends of a line which is the diameter of the
circul ar pigHepiezddlectii! ¢ibratingfrebliare sealed neiRCheglhbks agehbhalvimg a4 basd nay
be a piezoelectric material rather than quartz. Further, constitution

of the Co%ﬁiﬂﬁép@ﬂﬁsofﬁ(rﬁa&elekg be restricted to the one
2., The piezoelectric vibrator according to claim 1, wherein said
10 comparatively soft adhesive is a nonconductive adhesive.

3. The piezoelectric vibrator according to claim 1 or claim 2, wherein
Young’s moduli of said comparatively hard conductive adhesive and said
comparatively soft adhesive are in a ratio of 500 or more to 1.

4. The piezoelectric vibrator according to any one of claims 1 through 3,

15 wherein said comparatively hard conductive adhesive is applied in such a
manner that both top and bottom surfaces of said piezoelectric vibrating reed
are covered.

5. The piezoelectric vibrator according to claim 4, wherein said
comparatively soft adhesive is applied in such a manner that both top and

20 bottom surfaces of said piezoelectric vibrating reed are covered.

6. The piezoelectric vibrator according to claim 4, wherein said
comparatively soft adhesive is applied only to a lower case side of said
piezoelectric vibrator.

7. 'The piezoelectric vibrator according to any one of claims 1 through 6,

25 wherein said lower case and lid are made of ceramic; said comparatively hard

1 RN )



15 shown in Fig. 3. Specifically, it will be sufficient if the container
.whi ch can be seal ed by glass having a low nelting point is enployed.
Further, it is sufficient i f the conductive adhesive increases in
.nunber according to the nunber of el ectrodes. The materials of the
soft adhesive and the sealing glass are al so not restricted to those

exenpl i fi egondviitivtd Rdhesivehs Bi Biglelmeletularviliaiovitongeddhéiive;antddsssidence
and conditions of assenbling process of the piezoelectric vibrator

are not re | : W SRR : Fi gs.
GEa) andr 6?%*’% %@vag sg}garr(gﬁgﬁeecf %Fggéﬁg@?% Vi bra(%ﬁg)églg%cordi ng to h

a second enbodpnentyof _the sent . nyention. .Fl.g,. 6 IS a n. Vi (a
case 25 in whith R@ Iglﬁzqegécﬁgﬁom%}{oﬁ:i %chréi(lgé |t% g‘)s“élc??i’oﬁ‘g*e%ﬁ%vﬁﬁ en
along line B-B (a, . .. . .

case in whf¥RPaKatiyely hard,condyetiverahesiveiswnade s adding av%wefé‘fakre%ar ts
al ready described and repetitive description of these parts is omtted.

In Figsh epalysulfonemeyin whichcisrabasd materdakefisaid adhesivéed at two pl aces
have the sanme constitution as that of the first enbodinent. 6 A
stopper 41 is 8. | udp mibzedéctriedhabrater,plveliedimnondeedgamecf caspldteishapedse
vicinity to one short edge of the quartz vibrating reed 1 which is not

fixed. A piezoekicOROEVibiAting FeddUi® Rxed odtt twohphicke ¢f acdewensédse bheal i d
5in close vicinity to
comparatively hard conductive adhesive; stoppers composed of soft adhesives
are formed on an inside surface of a lid and an inside surface of a lower case,
10  both of which approach from upper and lower sides, respectively, the other edge
facing one edge of said piezoelectric vibrating reed; and said lower case and a lid
which covers said piezoelectric vibrating reed are sealed using a glass agent
having a low melting point of 340°C or less.

10. The piezoelectric vibrator according to claim 9, wherein said

15 comparatively hard conductive adhesive is applied in such a manner that both
top and bottom surfaces of said piezoelectric vibrating reed are covered.

11. The piezoelectric vibrator according to claim 9 or claim 10, wherein
said lower case and lid are made of ceramic; said comparatively hard conductive
adhesive is a high molecular thermoviscous adhesive; and said comparatively

20 soft adhesive is a silicon nonconductive adhesive.
12. The piezoelectric vibrator according to claim 11, wherein said

comparatively hard conductive adhesive is made by adding a silver flake to a

polysulfone resin which is a base material of said adhesive.
[ —

L
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one short edge of the quartz vibrating reed 1 which is not fixed. There is
.a slight clearance between the quartz vibrating reed 1 and each of
the stoppers 41 10 and 42 as shown in the drawi ngs. How t o nanage the

.cl earance i s, for exanple, as follows. First, a small anount of
conductive adhesive 3 and a soft adhesive for the stopper 41 are

pl aced. After tenporarily curing a pABSTHACTe conductive adhesive 3
usi ng the art disclosed in Japanese Patent Laid-Open Publication No.

Hei 8-186457 § 1é£oe%& R vibrdtbeh gﬁgae&ﬁqaﬁsa pmﬁlgﬁjms hﬁ{@' exanpl e,

t he 15 pi ezoe trirc vi I’atl ng ree acea on these adhesi ves. When

7% o« R SROCHRESHIT o h B PSR s ™

surface of the stopper 41 due to t he shrink ich occurs during a
curing profzed a@mprrﬁawﬁ@hw caaﬁbxla@@aratweﬂrw empductiye pdhesive.
cl earance can be obtai ned. A clearance between the iezoelectric

vi brat ifng Alseg the athiext édgeofacing theoahye-mentigneid pne miﬂ@tB ed at twosghert i ng
the depth of the lid 5 in consideration of a thickness of the piezoelectric

vi brati ng pa&s df thiellowet eassby ui congrhrativalyesufeafledsiven Finethet,dhedowét and

t he pi ezoel ectric vibrating reed 1, thickness of each of the soft
adhesi ves WyoClh@58id to c?vetrflﬁe;ﬁ%ﬂféc%né%Eir'&ﬁn@%eea%ﬁhfcbhﬁiﬁﬁésa of the
sealing glass 6. The sealing glass 6 having a |low nelting point

i"?,r tightlyegifighterd f3F the Piézcehitrié vl dtd'Sre dedlett using a glass material having

a low melting point of 340°C or less. Further, in the case of a cantilever
10 supporting piezoelectric vibrating reed, stoppers made of soft adhesive are
formed at the top and bottom of the other edge facing the above-mentioned one

edge with a slight clearance being provided.



The sealing tenperature of the gl ass is 340[err] C or less, actually
approximately 320[err]C, and the sealing work does not |ead to dissolution
and deconposition the stoppers 41 and 42 which are nmade of soft adhesive.

V777777777727 7
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14 - CLAI M5 1. A

pi ezoel ectric vibrator, wherein one edge of a plate-shaped

pi ezoel ectric vibrating reed is fixed at two places of a | ower case by a
conparatively hard conductive adhesive; the other edge of said

pi ezoelectric 5 vibrating reed facing the one edge is fixed at two ot her

pl aces of said | ower case by .a conparatively soft adhesive; and said

| ower case and. a |lid which covers sai d piezoelectric vibrating reed
are seal ed using a glass agent having a | ow melting point of 340[err]C
or |ess. 2. The piezoelectric vibrator according to claim 1

wherein said 10 conparatively soft adhesive is a nonconductive adhesive.
3. The piezoelectric vibrator according to claiml1l or claim2, wherein
Young's noduli of said conparatively hard conductive adhesive. and said
conparatively soft adhesive are||11q _ 09 _or nore to 1.

4. The piezoelectric vibratq ccordi n g peof clains 1 through 3,
16 wherein said conparatlvé1y ghesive is applied in such
a manner that both top and of said piezoelectric

vi brating reed

212 211 21

Fig. 3
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are covered. 5. The piezoelectric vibrator according to claim

4, wherein said conparatively soft adhesive is applied in such a
manner that both top and 20 bottom surfaces of said piezoelectric

vi brating reed are covered. 6. The piezoelectric vibrator
according to claim 4, wherein said conparatively soft adhesive is
applied only to a |l ower case side of said pi ezoel ectric vibrator.

7. The piezoelectric vibrator according to any one of clains 1 through 6,
25 wherein said |ower case and |id are nmade of cerami c; said conparatively
har d conductive adhesive is a high nol ecul ar thernovi scous
adhesi ve; and said conparatively soft adhesive is a silicon
nonconducti ve adhesi ve. 8. The piezoelectric vibrator according
to claim 7, wherein said conparatively hard conductive adhesive is
made by adding a silver flake t® a7 5 polysultone resjn which is a base
mat eri al of said adhesive. 9. A plezoelec ic vibrator, wherein
one edge of a pl ate-shaped prezngtenrrlc_VEbr mg reed is fixed at
two places of a | ower case by conparatlvel Hdard conductive

adhesi ve; stoppers conposed of~sbtft—adhes
surface of a lid and an inside, sdrface_of _a_lowe 10 both of which
approach from upper and | ower sides—+espec +~” the ot her edge

faci ng one edge of said plezoelectrlc V|brat|ng reed; and sald | ower case

Fig- 4

and a lid
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whi ch covers said piezoelectric vibrating reed are sealed using a glass
agent having a | ow nelting point of 340[err]C or |ess. 10.
The piezoelectric vibrator according to claim 9, wherein said 15
conparatively hard conductive adhesive is applied in such a manner t hat

bot h top and bottom surfaces of said piezoelectric vibrating reed are
cover ed. 11. The piezoelectric vibrator according to claim9 or
claim 10, wherein said |lower case and |lid are made of ceramc; said
conparatively hard conductive adhesive is a high nol ecul ar

t her novi scous adhesi ve; and said conparatively 20 soft adhesive is a
silicon nonconductive adhesi ve. 12. The piezoelectric vibrator
according to claim11l, wherein said conparatively hard conductive
adhesive is nmade by adding a silver flake to a pol ysul fone resin

which is a base materi al of sai d adhesi ve.
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