2147456 " Pl EZO- ELECTRI C VI BRATOR ASSEMBLY" Thi's i nventi on. rﬁlatyﬁﬁggéa
pi ezo-electric vibrator assenbly and, although the i nvent"Ro Y% s ” 80
restricted, it rélates nore particularly to an ultra-small piezg- @&l ectric

vi brator assenbly whose vibrator conprises a 5 mai n vi brating
po?.tai on which vibrates longitudinally and which is forned integrally with a
tuning fork type supporting 1 P menber by a

phot o-1it hographi c process. According to the present invention, there is
provi ded a piezo-electric vi‘brator assembly conpfisiing a seal ed 10
receptacle within which is nounted a piezo-electric vibrator of the -

| ongi t udi nal "¥iitnos ELECTRIP ELBRANGR \ASbEMELY" having a main vibrating portjbn
whi ch vibrates Tongitudinally and which 1s provided with nain el ectrodes, a
supporting nmenber which supports the main vibrating portion adjacent the
poi nt where the vibrating displacenent of the latter is smallest, the
supporting nenbeThhg\inygntiannekafesobk @ piezo-electric vibratoX portion whose
arnms are di sposed_on opposite sides of a part of the main vibrating portion
and whose baSESemdlE A qBLERRUER Hhesinteation disshisohreftEiFedect i vel y

el ectrically,connected 20 the main el ectrod t he resonant .

t
frequency of ‘'t FELAEFH m\?f'ﬁrpﬁritﬁﬁ%g{’iﬁ?naﬁeﬁ' a'éﬁ??slllaﬁf?szzﬂ'l y the sanme as
that of th ' th ti
hel o sepandceraneLe ol CERANO epUEREl gf o SUpport 0
thegrecept a%&:@%@b&i&!ﬂ#gggbfﬁ%ﬁmﬁéﬁ%@ﬁés longitudRREUST bNE WngaflS Whi ch

are electrically connec
~ . is formed integrally with a tuning fork type supporting 6’”‘

~ member by a photo-lithographic process.

According to the present inventior_x, there is provided
a piezo-electric vibrator assembly compriéing a sealed
10 receptacle within which is mounted a piezo-electric wvibrator
of the longitudinal wvibration tybe, the vibrator having
a main vibrating portion which vibrates longitudinally
and which is provided with main electrodes, a supporting
member which supports the main vibrating :portion adjacent
15 the point where the vibrating diSplace_ﬁent of the lai:ter
is smallest, the supporting member having a tuning fork f\
portion whose arms are disposed on opposite sides of a part
of the main vibrating portion and whose base is provided with
base terminals which are respectively electrically connected
20 to the main electrodes, the resonant frequency of the main
vibrating portion being substantially the same as that of the
second harmqnic of the resonant frequency of the supporting -
member, and a terminal member which is hermetically sealed . .
to one end of the receptacle and through which extend

25 conductive leads which are electrically connected



2 to the base term nals by neans extending over a cross-sectional area
greater thansthat, of the conductive leads. In its preferred form the
assenmbly of the present 5 i nvention enploys an ultra-snmall
pi ezo-electric vibrator of the |ongitudinal vibration type whose fregyency
is in the range of several 100kHz to several MHz and which nmay be pr ced
at a |l ow manufacturing cost. Preferably,2the supporting nenber also has a’
connecting 10 - ~ portion which extends between the ends of the arns
renmote fromsaid base and the said point. The arns are preferably parall el
to the:main vibrating portion. Preferably, the main vibrating portion and
the 15+ suppy Fgﬁd’mmimb bytmegng | extendingacvemmeher. The
conductive | eads may be rod or pl ate-shaped, and the term nal nenber nay be
.a press fit in the GOfgptestienal\ares greates hHeap bhathesvthsegordnctive surfaces
at 20 an eﬁlgagortion of the main vibrating portion for adjusting
the frequency of t Borator. Filmelectrodes of the same polarity may be

provi ded on-corr espondi 49 3| A% LI A §5f! ¢AD 305G b We O rdslSe ™

5 inven_tion employs an ultra-small piezo-electric vibrator
-‘ of the longitudinal_ vibration type whose frequency is
in the range of several 100kHz to several MHz and which may
be produced at a low manufacturing cost.
Pr_eferably, the supporting member also has a conmecting
10 portion which extends between the ends of the armg remote
from said base and the said point.
. The arms are preferably parallel to the main
vibrating portion.
Preferably, the main vibrating portion and the
15 supporting member are inte.gra.l ‘with each other.
The conductive leads may be rod or plate-shaped,
and the terminai member may be a press fit in the
\_/ : receptacle. _
Metal films may be provided on side surfaceé at

20 an end portion of the main vibrating portion for adjusting

R

the frequency of the vibrator.
Film electrodes of the same polarity may be provided

on corresponding side surfaces at an end portion of the main



vi brating portion. A recess may be provided at a part of the main vibrating
portion or of the said base where a nain electrode or a conductjve |ead has
been split to forma pair thereof. 5 The vibrator may have been
~.made by a photo-1lithographic process conprising formng a piezo-electric
waf er Zi'jto the shape of a vibrator, depositing a conductive thin film over
substantially the whole surface of said wafer, formng a photo-resist on
said conductive thin filmdnte the shape of 10 el ectrodes, etching said
conductive thin filmto formsaid el ectrodes by utilising said photo-resist
as a protective film and renoving said photo-resist. The invention is —.

Il l'ustrated, Yoy, Of exanple, in the acconpanying draw ngs, v
whi ch: - 15 &Lﬂmg#rure "1 is a perspective view of a piezo-electric

vi brator of the AQBG&&AJ(M% Yhdviabd Qi h)RetW¥ eHe innif GfibrBtagCOr dance with
the present invention, Figures 2(A) to 2(E) are exploded perspective views
show ng a pi gegtaineet dfCthd Radd Wasa SarEb| &/ mhit @LROERIAR NG &he 20

structure of Figure |I; Figure 2' is a plan view of the vibrator of Figures
2(A) to 2(E) cohduotdve mehauﬁsrneessplm Ibo oftozm as:aerrtﬁhpreqf.v\hl ch the vibrator
of Figure 2 is sealed in a receptacle, Figures 25 3(A) to 3(C) being

respects vely a t Gfrepvibratorway chayecheesnnsde by a photo-lithographic
process comprising :Eoming a piezo-electric wafer into the
shape of a v_ibrator ’ depositing a conduct:.ve thin £film over
substantially the whole surface of said wafer , forming a - \J
phcto;zesigt on said conductive thin £ilm into the shape of
10 electrodes, etching said conductive thin film to form said
electrodes by utilising said photo-resist as a prctective
£ilm, and removing said photo-resist.
. The invention is illustrated, merely by way of e-xample,
in the accon_ipénying drawings, in which:~
15 Figure 1 is Ia. perspective view of a .'pi'e_z'oa-'-elect.ric
vibrator of the 1ohgitﬁdinal vibration type which is not in
accordance with the present irivention;
Figures 2(A) to 2(E) are exploded perspectivé views
showing a piezoleiectric vibrator assembly Ii:;'corporating the
20 structure of Figure 1l; |
Figure 2' is a plan view of the vibra.tor of Figures :
2(a) to 2(E):
Figure 3 illustrates a vibrator assembly i-n. whi.ch the
_ viﬁrator ‘of Figure 2 is sealed in a receptacle, Figdres .

- 25 3(a) to 3(C) being respectively a top plan view, a sectional



-4- view and a bottom plan view thereof; Figures 4, and 17(A) to 17(C) are-
a perspectlve view, a plan view, a sectlonal view and a side view
‘respectivel y"of an enbodi ment of a-piezo-electric vibrator assenbly in 5
accordance with the present invention; Figure 5 shows the vibration

di spl acenent of a part of the supporting menber of the vibrator which farns
part of the assenbly of Figure 4; Figure 6 is a diagramillustrating the

secondary high 10 har moni cs of the vibration of the supporting ar uof

the said vibrator; Figures 7 to 10 illustrate a frequency adjusting portion
_of a main vibrating portion of thesgid vibrator; Figures 11 to 13
“illustrate a process for formng 15 el ectrodes; Figures 14 to 16 -

illustFate the concave structure which is a feature of this invention.
~Terns such as "upp a{}% J description below, are to
. be understood to re & %%P? e%dth&etoggeen in the acconpanyi ng’

~drawings. Figure 1 is ap IRk ép ﬁl(g)wdgf 174yl p;éita%ela%gg{@eyvg&;rprl si ng
of the

a piezo-electric vibrator ongi tudi nal vibrati©o ype in h a

mai n vibrating portd plawfvikls &/ sbéionhl vildwCind’ abiflectidwoRsgdétivally ¥, and
a‘tuning fork type 25 supporting member are integrally formed by a

phot o- | i t hogr aphi c f an cadbodinknt of A piedo-brectyiasvidbeavor masdudig fHpen
Japanese Pat ent
) 5 accordance with the present invention;
Figure 5 shows the vibration displacement of a part
of the supporting member of the vibrator which forms -part
- of the assembly of Figure 4;
Figure 6 is a diagram illustrating the secondary high
1o harmonics of the vibration of the supporting arms of the
said vibrator;
Figures 7 to 10 illustrate a frequency adjusting
portion of a main vibrat:l._ng portion of the said viﬁra.tor;
| I-‘i‘gureé 11 to 13 illustrate a process for forming
15 -electrodes;
Figures 14 to 16 illustrate the concave structure which
L is a feature of this invention. .
_ - Terms such as "upper" and "lower®™, as used in the
% description below, are to be understood to refer to directions
| 20 as seen in the accompanying drawings.

Figure 1 is a perspective view of a2 vibrator assembly
compris_:i._ng a piezo—-electric wvibrator of the longitudinal
vibration type in which a main vibrating portion of the

. vibrator, which vibrates longitudinally, and a tuning fork type
25 supporting member are integrally formed by a photo-lithographic

process, this vibrator being as shown in ILaid Open Japanese Patent



Application No. 57/138212. The vibrator of Figure 1 conprises a main
vibrating portion 1, supporting arms 3a, 3b, a connecting portion 2a, 2b
for connecting the supporting arns 3a, 3b generally to the centre*of* t he
" main vibrating portion 5 1, and a supporting base 4, the vibrator
being i2fegrally fornmed froma quartz crystal plate by a photo-Iithographic
process such as a photo-etching process. The connecting portion 2a, 2b, the
supporting arnms 3a, 3b and the sgpporting base 4 as a whole will be
referred to as a supporting nerbeér 10 : 5. The quartz crystal plate is
cut in the vertical direction with respect to its optical or Z axis. The

mai n vi brati ortion,.1 i Lne : chani or Y axizs
of the quartgg%rfsa%%ﬁn. N%/bisﬁ/g?ée%ho%gga‘f&%%: %Qaéi réerg'pggt{glr\%g i/ pl at €& on
opposite sid ol 655 t0ie LRELIBA ¥, Rpportiny dhatiad1d3poRtion 1, and
‘external el e%tro es 5 a, gs b are cbnngl(’:?red hrougtr't fre gonnecti ng portion

2a, 2b. A Vi bpRitifs pobeA ba, PbOEUre cdndBRYLRE tHE QRlphbortAhg\drils a frequency
-of IMHz and the main vibrating portion 1 of the vibrator nay have a | ength

L equal to 234prBp génedaliiy t¥/ aifflabntre Of Miemdid wibz@ting poftiofikness T equal
to 0.2nm ThuS tRAe thickness T of the- main vibrating portion 1 is larger ¢
than $he w dip aid hesuppbrtihigcbaseppprthegibivate deing doteyrelilyon a nounti ng
base 6 and the whole is hernetically sealed in a receptacle (not shown in
Figure 1). 2%ormed from a guartprexystahplatmby aphotrrddthegrEphifre 1 has the

advant age
. - process such as a photo-etching process. The connecting

portion 2a, 2b, the supporting arms 3a, 3b and the supporting o \ ‘
. base 4 as a whole will be referred to as a supporti,hg member
10 5, The quartz crystal plate is cut in the vertical direct;‘._.on
with respect to its opi::l.cal or Z a:r.is.- The main vibrating
portion 1 is obtained parallel to the mechanical or Y axis
of the quartz crystél. Main eleétrodes 1'a, 1'b axe .
respectively plated on oppo'site side surfaces of the main
15 vibrating portion 1, and external electrodes 5'a, 5'b are
connected througiz th;. connecting portion 2a, 2b. A vibrator
"as shown in Figure 1 may be used to provide a frequency of

1MHz and the main vibrating portion 1 of the vibrator may have ~

¥

a length L equal to 2.7.5mm, a width W equal to o.linm and a
20 thickness T equal to _O.me. Thus the.thickness T of the main s
-v:l.bratinq portion 1 is larger than the width W.thexreof. 'I‘he
supporting base 4 is mounted on a mounting base 6 a.nd i:he
whole is hermetically sealed in a reﬁeptacle {(not shown in
Figure 1). |
25 A vibrator assembly as shown in Figure 1 has the advantage



that the vibrating characteristics are excellent because the main

electrodes 1'a, |'b-produce an electric fieid in the direction parallel to
the electri€ of X axis of the quartz crystal and because the main vibrating.
menber 1 i's supported by the 5 supporting nenber 5 which is shape#© -

i ke. a tuning fork. However, the construction shown in Figure 1 has sane
def.ects. In general, a piezo-electric vibrator of the |ongitudinal '

vi bration type has the characteristic that expansion and contraction of the
mai n vibrating portion 1 in the 4 - direction of the |onger side thereof
causes expansion and contraction in the direction of the shorter side

“ thereof. So, as in Figure 1, if the supporting nenber 5 is nmounted directly

" on th&Tmounting besg @n@%ﬁ:&ﬁ_&ﬁ%@d&ﬂ&&&%ﬁ eREATkht Pdiusey ki at i on of
the supporting nenber 5 caused Dy expansion 15 and contraction of the

~mai n- vibrating popiidRidetréaéda 8] Ne1R8usd ahh&lesbPid eleRd @€ thderecl is
directly transmtted to the receptacTe of the assenbly (not shown in the
drawi ng) . Consequaitdction par&enied| tche \W1Bettiicotr XhaxiC berihet dquuartofcryBeal

vi brator of Figure 1 are inpaired. 20 Mor eover, in order- to allow
the vibrator to vail decawse! blmamabweiviibratiing cleatied\l s tsupperitedhigcitbet o t he
receptacle, the weight of the receptacle should be sufficiently l-arge with
respect to Bhat ofupHestind,pexher S5 Which dgushapedtlike dauning fexk+t to make the

assenbly small. 25 Furthernore, since the supporting base 4 of the
supporting However, the construction shown in Figure 1 has some

defects. In general, a piezo-electric vibrator of the
Wi : longitudinal vibration type has the characteristic th:;t
expansion and cont?action of the main vibﬁati_hg portic;:; 1 :I.n the
10 direction of the longer side thereof causes expansion .and .
contraction in the direction of the shorter side i:tiefedf . sé,.
as in Figure 1, if 'the supporti:ig membexr 5 is moun-tet.i. dﬁectly
on the mounting base 6 of a rigid body ..such as a ceramic
body, vibration of the 'supportiné member 5 caused hy expaﬁsion
15 and contraction of the main vibrating portion 1 in the
'dii:'ection of the shorter éide thereof i.s' direci:lf transmitted
to the receptacle of the assembly (nof. shown in the draw:l.né) .
Consequently, the excellent vibration characteri.stics of the
vibrator of Figure 1 are impaired. ' o
20 | Moreover, in order to allow the vibrator to vibrate v}ithout
being affected by external shocks to the fecep#acie p the ﬁéight
of the receptacle should be sufficiently large with respect;.
to that of the vibrator. This causes it to be. difficult to make
the assembly small. o

25 - Furthermore, since the supporting base 4 of the supporting



-7 - menber 5 contacts the nounting base 6 over a |large area and. the whole
assenbly is hernetically sealed, the main vibration which is;produced by
the main vibrating portion 1 is hindered, so that the vibratioh efficiency
g i.nmpaired. 5 Reference is now made to Figures 2 and 3 wherein
thére is illustrated a | ongitudinal vibrator unit incorporating the

vi brator shown in Figure 1. Figures 2A to 2E are perspective views of

i ndividual parts of this |ongitudinal vibrator unit show ng an upper 10
“lid 13, a franme 12, a vibrator 7, a nounting nenber 8 (corresponding to the
whol e of the nounting base 6 in Figure |I) and a lower Iid 9, respectively.
Figure 2' is a plan view of the vibrating portion. As is particul arlyM

‘i | | ust r at edmenbeFi §jlpopt@&®s thee mourdiingthasg Gover & dargehered landtor 7 is
nounted 15 - on the nounting nenber 8 by neans of Pb/Sn sol der or other
or gani ¢ adhthe whole pEgentlycis ermerigallivhgealedpthei painrEHation provi des '
space for the vibrator to vibrate. In the structure of Fiqure 2, the main

el ectrodes Yhigh is progucedoh dbedmpinovibrpbingPoriioptd ddclingeredm' b provi ded

20 on_the noynti nber t hroygh, t he el ectrodes plated on the o
supporti ng ﬁ%stg‘a__ A h%l%?gg?‘hﬁff%igeﬁ ggeﬁm%gﬁfé'g-b are connected (by means
not shown) to agofhe AT r.n : 9, | ated on the
Iovvesf lid 9 fthrgﬁ%;%e?cé%gsss'ég.ﬁ% q:lol gigf)‘rg%%%égg%zw? einm')ﬁ% an menber 8. s
Thus, the Mpinjjustrated a longitudinal vibrator unit incorporating the |

vibrator shown in Figure 1. ‘
Figqies 2a to 2E are perspective views of individual \)
~ parts of this longitudinal vibrator unit showingan upper |
10 lia 15, a frame 12, a vibr_ator 7, a mounting member 8
{corresponding to the whole of the mounting base 6 in Figure
li and. a lowex 1id_ 9, respectively. Figure 2' is a plan
| view of the vibrating portion. Bs is particularly il_lustrated
in Figllre 2c, the supporting base 4 of the vibrator 7 is mounted
.15 oﬁ the mounting member 8 by means of Pb/Sn solder or other
organic adhesj.\fes. The interior 10 of the supporting member 8
éfovides space _for the vil_:rato:_: to vibrate.

:l:n'thei structure of Figure 2, the main electrodes l'a,

.“) .

1'b are connected to external electrodes 8'a, 8'b provided .

20 on the mounting member.a through the electrodes plated on the
_sﬁpéorting base 4. The external electrodes 8'a, 8'L are
coﬁngcted .(by méans not shown) to anbther pair of external
electrodes 9'a, 9'_9_ plated on the lower lid 9 through recesses
1la, 11b provided on the mounting membexr 8. Thus, the main -

25 electrodes 1'a, 1'b of the vibrator: 7 are electrically connected



25 el ectrodes la, |"b of the vibrator 7 are electfically connect ed

30 to the external electrodes 9'a, 9'b. After joining
menber 8 and. the lower Iid 9, the configuration of th

9'a,-'9'b cannot be seen at all fromthe outside.. Al so,

2', at opposite ends 5 of the main vibrating p
electrodes |'c, I'd for adjusting the frequency of th
el ectrodes I''c. 1'd are plated on the planar end surf
vibrating portion 1. Hernetical sealgénrg of the vibrat
mounting the franme 12 on the nounting nmenber 8 and by
13 on\ihe frame 12. Figures 3A, 3B, 3Cillustrate the

* assenbly of Figur e enfiditbfmidfectbodidod 58l nﬂfx‘?ezI

sectional view and a bottom plan V|em1respectrve y.

“ conpl eted vi brat Or LIRS EAHRK g HRRVEE BNarkd EHE A3wesd €4 35S

t oget her the nounting

as shown in Figure
ortion 1 there are

e vibrator. The

aces of the main

or is conpleted by 10
plating the upper lid
conpl eted vi brator

SR kel 7
endlcvn acdagngth A

equal to 8.33mm (0. 33 |nch) a width B equal to 3.94nm (0. 155 inch), and a
t hi ckness C equal & the 2ZbE2ral. Efectpedis. 9TjU9!b @aniBtNbe Gieed d&xchdre, the

nj ni aturization of the 20 vi brator assenbly of
‘l'ess than conpl et efxpmsiticl ohtritier \Alsbu rashsisownr & Figuuef
as descri bed above in which the nounting nenber 8 and

14

‘Figures 2 and 3 is
ati ati oppositeaissdsbl y
the lower lid 9 are

5 of the main vibrating portion 1 there are electrodes 1'c, 1'a

' for adjusting the frequency of the vibrator. The electrodes

1*o 1'd are plated on the planar end suxfaces of the main

~ ; vibrating portion 1.

Hermetical sealing of the vibrator is

oompleted by

10 mounting the frame 12 on the mounting member 8 and by platinq

the upper 1id 13 on the frame 12.

Figures 3a, 3B, 3C illustrate the completed vibrator

- assembly of Figure 2, Fignres 3A, 3B and 3C being e top

plan view, a sectional view and a bottom plan view respectively.

15 . In the completed vibrator assembly shown in Figure 3,. the

-assembly has a length A equal to 8.33mm (O.

5 (0.08 inch).

33 inch), a width B

equal to 3.94mm (0.155 inch), and a thickness C equal to 1.52mm

Thus, as mentioned before, the miniaturization of the

20 vibrator essexnbly of Figures 2 and 3 is less than completely

satisfactory. |

Furthermore, manufacturing an assembly as described

above in which the mounting member 8 and the lower iid 9 are

used involves high manufacturing costs because of the large

25 number of parts and the cost of assembling

them together.

e external electrodeﬁgi



used invol ves high manufacturing costs because of the |large 25 nunber
of parts and the cost of assenbling themtogether. -9- The opject, of the
present invention is to overcone the above-nentioned di sadvant ages. - An

pdi ment of a piezo-electric vibrator assenbly in accordance with the
present invention will now be described 5 with reference to Figures
4, 17A, 17B and 17C which are a perspective view, a plan view, a sectional
view and a side view thereof,g Lespectively. In-Figure 4 there is shown a
pi ezo-el ectric vibrator 100 of the longitudinal vibration type. The
vibrator 100 has a main 10 vibrating portion 14 which vibrates-in 4he

| ongi tudi nal dir |ch u connect i portion<%#a,
15b at the point%&ﬁégg fﬁe anounr é % %ra%gﬂbg%léﬁfgfﬁﬁ@ﬁt the main

vi brating portlon 14 is | est that is, substantially at the centre
thereof). 15above-mentl °’“F%LB€ %ﬁ’é’é‘? g portion 15a, 15b is symetrical in

the direction of h of .th | t The connecting
portion | Sa, 15b z’I“s pr oV Gt etdo\f/vlat E’ig?decgz% t%Eelg Jfgggég}rlé{s%&bgom opposi te ends
of the Connet‘% DL oP8LrddeCt tho Bne ?Qserﬁ:umnu&g el Thok 65 qdfdri8¥4 end -

parallel to e nmalin vibrating portion 14 in the sane direction,

whi chg SUPPOT s Y REBRentBoto F8RunS! 8NA7RD WWRSAILVE ivAgcase 17. The
supportlng arns 16a, 16b are respectively provided with el ectrodes 16a,

16' b. Thus, @& perspective view, a plan view, a sectional view and a side

L]

view thereof, respectj.vely. | |
In Figure -4. there is shown a piezo-electric vibrator 100 | :\J
of the longitudinal vibration type. The vibrator 100 has a main
10 iribi:at_ing portion 14 which vibrates in the longitudinal direction
and which is supporteé. by a connecting portibn 15a, 15b
at the point where the amount of vibrat:l_.ng displacement of
.the main vibrating portion 14 is smallest (that is, substantially
at the centre thereof) .
15 © The connecting portion 15a, 15b is symmetrical in the
" direction of the width of the main vibrating portion 14. The
connecting | portion 15a, 15b is provided with electrodes 15'a,
15'b. From opposite ends of the connecting portion 15a, 15b,
supporting arms 16a, 16b extend parallel to the main vibrating
20 portion 14. in the same direction, which supporting arms 16_3, 163.
extend to a suéporting base 17. The supporting arms .‘L_G_a_, 16b
are respectively provided with electrodes 16'a, 16'b. Thus, a
support;ng member 18 which consists of the connecting portion
15a, 15_13; the supporting arms 16a, 16b and the supporting

25 base 17 surrounds one half of the main vil_:r_a.ti,ng: portion 14



supporting nmenber 18 which consists of the connecting portion 15a, 15b, the
supporting arng 16a, 16b and the supporting 25 base 17 surrounds one
hal f of the main vibrating portion 14 - 10 - and the portion 16a, 134,
17 thereof is of tuning fork shape. The nmain vibrating portion 14 and the
supporting nmenber 18 are forned integrally by a photo-Iithographic process
such as a photo-etching process. 5 A pair of main el ectrodes
14'a, 14'b are respectively pl ated ¥n-the opposite side surfaces of the’
mai n vibrating portion 14, and external electrodes 18 a, 18 b are plated on
the supporting nenber 18. The main electrodes 14'a, 14'b and the external
.. electredes 18' a, 18k ahe RO&E hed, hepeagh _

* connecting portion 15a, f%%. An Héréggf?gtg%%rﬁgﬁslgﬁPgﬁgﬁg&ﬁﬁg%héggthe

. lower end of the suyy@eaih AAbrEiThe! pok8ioRQd- drdk hd suppciicend imeRb&ONE UGkl Ve
tand resilient lead termnals 20a, 20b are provided parallel to the upper

"~ surface of the suppometiniptegealliy7/bsa plsotbelithberabhibmaogésd Bachagnet i C

term nal 15 19. At the portion of the supporting base 17 near to the
| gwer end t her eof , Phatocetahing ipxosessz' a, 17'b on the upper surface of the
supporting base 17 are directly electrically connected to the side surfaces

of the | ead3term nal s 20Rairoehmpie Eleghrodas|jidlantlélh argcrenpgptivelng base 17

by neans of Pb/Sn sol.der 20 or ot her organi c _adhesi ves (not shown) so
that the contact a?%&eghﬁé:ﬁ%t%‘#ﬁess’rd& tft the BRiR yieatipgnal area

of the portion 14, and external electrodes 18'a, 18'b are plated

B ' on the supporting memler 18. The main electrodes 14 'a, 14'b
a.nd the external electrodes 18 'a, 18'b are connected to each
.10 _ other th;'ough the connecting portion 15a, 15b. An- hermet;.:l.c terminal
19 is provided at the lower énd of the supporting member 18.
Rod-l:_l.ke or plate-lil;e 'conductive and resilient lead terminals
29_a_, 20b are provided parallel to the upper surfacé of the
-supporting base 17 so as to extend through the hermetic t..erminal
15 .19. At the port_ion. of the supporting base 17 near to the lower
end thereof, base terminals 17 ‘a, 17'b on the upper surface |
of the supporting base 17 are directly electrically connected to
\-"' the side _surf_aces of the lead terminals 20a, '20b which are
adjacept to the supporting base 17 by means of Pb/Sn solder
- 20 or other organic adhesives (not shown) so that the contact area
| therebetween is larger than the cross-seé‘l_:ional'area of the
‘lead terminals 20a, 20b. _F:l.na.lly, the vibraﬁor assembly is
hermetically sealed in a cylindrical receptacle 21 shown by
broken lines, the terminal 19 being hermetically sealed to

25 one end of the receptacle 21. -



| ead term nals 20a, 20b. Finally, the vibrator assenbly is hernetically
sealed in a cylindrical receptacle 21 shown by broken |ines, .the term nal
19 bei.ng hernetically sealed to 25 one end of the receptacle 21.

‘Thus the supporting menber 18 has a tuning-fork portion 16a, 16b, 17 whose
'arr‘rﬁ\lﬁa, 16b are di sposed on opposite sides of a part of the main

vi-brating portion 14 and whose base 17 is provided with the base termnals
17'a, 17'b which are 5 - llrespectively electrically connected to the
main el ectrodes 14'a, 14'b. As described above, in the piezo-electric

~vibrator 100 of the longitudinal vibration type which is shown in Fi gure. 4,

the supporting bofigieléhdbupftRtingd hahr 10 hasSa IRmilfig dotio 10 the o~xf
resilient lead termnals 20a, 20b. Such a structure has sone advantages .

whi ch are notpcaieté ned, hgb} N9 whdsecattsc368hA8h dre FEsposed ob-Ghpobite he fir st

pl ace, the electrodes on The vibrator 100 can, in effect, be directly drawn
out of the residetasfl @ pikthyf the main widzatingyportdoni i and whoe® baget he .
conductive lead termnals 20a, 20b. As the vibration produced by the main
vi brating por}? éa pevidedswith therhasy tpambralst hf @ gh? ‘Bhuhichsere ent | ead -
termnals 20a, 20b, the hernetic termnal (19 and the receptacle 21 can be
reducel i n weregRectively electrically, cgpppiched it the, galn @lecerdpR ween t he
supporting balsde.a1714qu the lead termnals 20a, 20b may be as small as

IR e N . .

As described above, in the piezo-electric vibrator 100

‘'of the longitudinal vibration type which is shown in Figure

c

4, the supporting base 17 of the vibrator 100 is secured to
10 . the resilient lead terninals 20a, 20b. Such a structure has
some advantages %ich are not obtained by the structures shown
in Figﬁres 1-3. |
Iﬁ the first place, the electrodes on the vibra‘.tor. 100
can, in effect, be directly drawn out of the receptacle 21 by
15 -sécuring. the vibrator 100 to the conductive lead terminals
| -205_ ¢ 20b. As the vibration produced by the main vibrating
portion 14 is suffi_ciently damped throu'gh the resilient
lead terminals 20a, 20b, the hermetic terminal 19 and the
receptacle 21 can be reduced in weight.
20 ' Secondly-, the.- céntact area. between the supporting | .
bése 17 and the lead -terﬁimls 20a, 20b may be as s_mall as -
0.15mm, so that the effect on the vibration of fhé-vibr’atgr
100 of securing the lead terminals 20a. 20b to the vibrator
100 is iargely reduced. Consequently the vibrating frequency
25 | o:E the .v:i.brator can be controlled so as to be extremely

small at the supporting base 17.



0.15mm so that the effect on the vibration of the vibrator 100 of secufing
the lead termnals 20a. 20b to the vibrator 100 is |largely reduced.

Consequent | § the vibrating frequency 25 of the vibrator can be
controlled so as to be extrenely snmall at the supporting base 17. 334:;
12 - Thirdly, the vibrator 100 is hernetically sealed in a sinple

cyl-indrical receptacle 2' into which the hernetic termnal 19 is press
fitted. Thus, the nunber of parts is small and it is easy to seal them

t oget her, whereby to 5 redace nmanufacturing cost. In contrast, in
the case of the construction shown in Figure 3, six planar surfaces of four
nenbenginust be el aborately polished so as to achieve perfect bonding

bet ween t he f b L u ' 10
etween the four member g, A¢ P_[:ﬂ)g ’}%.'ub)én%téé‘ﬁ ’%Uﬁ&%!{écﬁi%;é%%%iéd €a

unnecessarily high because o er ‘of parts use consi der abl e

< skill required to pplhcsh &fiend@ichPGRBepiac o2 TRARS WAL ¢he hePhetiNOT cOVET,
the need to bond so nany nenbers together necessarily reduces the sealing

efficiency. Moreovetermdfial 39V pr&sioehtdd) THUS! tHeOntndduCor bhgeponer 15
consunption of vibrator assenblies, the C.1 (crystal inpedance) val ue

. thereof should be kiptsmalblahd i%0is eaepltongealahanntiogetienalwhgretaedoi N t he
" case of sealing a quartz crystal vibrator for producing a | ow frequency,
sgch as 32ibHz. \Whenreiagkinsgufacturing cost. - |
In contrast, in the case of the constrﬁc_tion shown in
Figure 3, ‘six planar surfaces of four members must be
[ elaborétely polished so as to achieve perfect bonding between
the four- members, Accordingly, the manufacturing costs. af:e
10 unnecessarily high because of the numbex of parts ﬁsed. fhe
| considerable skill required to polish the _su:faces of the
members-and 80 on. Moreover, the need to bond so many members
'to.get.her necessarily reduces the sealing efficiency.
Moreover, as is well known, in order to reduée the.power
15 consumption of vibrator assemblies, the C.I (érystal impedance)
value thereof should be kept small. So a sealing vacuum is
usually used in the case of sealin§ a quartz crystal vibrator
- for producing a loﬁ frequency, such as 32kHz. When sealing
the vibrator of Figure 3 in a vacuum, many pfocesses are
20 _ reqhired to bé undertaken in a vacuum apparatus, such processes
includi,ng .dissolvi_ng the adhesives by heating, then aéplying
pres;ure on the assembly, and then cooling down the ésséﬁbly.
- When sealing the vibrator of Figure 4, however,_ the sealiné
iﬁ completed onl;Ir by press fitting the hermetic terminal 19

25 into the receptacle 21 at normal temperature in a vacuum

‘apparatus. Such a simplified process of sealing as described



the vibrator of Figure 3 in a vacuum nmany processes are 20 requi
to be undertaken in a vacuum apparatus, such processes incl udi ng.di ssol
t he adhesi ves by heating, then applying pressure on the assenbly, and then
cooling down the assenbly. Wen sealing the vibrator of Figure 4, however,

.the sggling is conpleted only by press fitting the hernetic term nal

red
Vi ng

19 25

into the receptacle 21 at normal tenperature in a vacuum apparatus. Such- a

sinplified process of sealing as described

i n reduci ng manufacturing cos The piezo-electric vibrator assenbly of
gure 4 has a structure suchTtfat” the vibrator 100 is sealed in a - .
cylindrical receptacle 21 with resilient conductive |ead 5 t erdnal s
20a, 20b. The advantages which are derived from such a vibrator assenbly.
can be equaldbgveldsapinedar \adyantagehin [Fieducioy panufactawipngiostor receptacle

vary. For

exanpl e, the conductive lead term nals-20a, 20b may be either.

rod-like or plat®™e piezo-adretrir Spbrator sspepply BE Figyee f basther 10

non-transparent material

sych ags ngtal or. ceram cs or transparent mater
such as gl a?ss'é’r'“"(’fﬂﬁ‘?t‘?"%rtg‘?f‘a&.e Pfﬂ@or%téﬁ?leﬁ?l & A need not have

ci.rcul ar
vi br at or

Pl o i i 7

ass SCrirbpe I n greater

detakl. The dopngishldidad! 208, i 1280arlaghd SnTBH Rr¥ ! dAbld Erom

1o

15

20

25

such a vibrator assembly can be equally obtained even if the
.kind of lead texminals or receptacle var}.-For'example,
the conductive lead terminals 20a, 20b may be either rod-like
or plate-like. The receptacle 21 may be made of either
non-transparent material such as ﬁeﬁal or ceréﬁiéé or
transparent material such as glass or quartz crystal.”AIso,
the receptacle 21 need not have a circular cross s#ction but
' may, for example, be oval in cross-section. | |
The vibrator assembly of Figure 4 will now be descriﬁed
in greater detail. o o
The longitudinal vibration of the main vibrating
portion 14 causes the connecting portion 15a, 15b and the..
supporting arms 16a, 16b to vibrate £umn$mlhfintme.
direction of the shorter side of the main vibrating'poition
14, The aisplacement of the comnecting portion 15a, 15b
and the supporting arms u%b'NQacausaihw ﬂméfhaﬁnhai
vibration is shown in Figure 5 by doﬁtéd lineé. In o?dér to
improve the vibration efficiency of the vibrator, the effect
of the flexional vibration of the supporfiné meﬁbef 18.on.

the vibration of the main vibrating portion 14 (hereinafter

35 above is al so an advant age

Fi

ial
a- .
The

”



portion 14 causes the connecting portion 15a, |5b and the supporting arns
16a, 16b to vibrate flexionally in the direction of the shorter side of the
mai n v1brat|ﬁg ‘portion 20 " 14. The displacenent of the connecting
portion 15a, 15b and the supporting arns 16a, |6b caused by the flexional
vibration is shown in Figure 5 by dotted lines. Inorder to inprove the:
vibration efficiency of the vibrator, the effect of the flexional vibratigg
of the supporting nenber 18 on 25 the vibration of the main vibrating
portion 14 (hereinafter - 14 - refggred to as the main vibration) should
be as small as possible. The above.requirenment is nmet by generally
"synchrpmni zi ng the resonant frequency of the flexional vibration of the

' rt nb 1 ith that  of b I |,

" the frequency of rﬁfﬁer%“r%rtgt a? *i%oma# ehaatsey o %Pemmﬁnﬂ?ﬁ?f? '

“the range of sone %fez.t ﬁﬁg&ﬁ@g& &f mhi %% 95] vibration of
=i 5 ONTC

t he supporting arﬁ% dependi ng on e wdth and
| ength thereof. 'Ey&mggaa% Eé%ﬂ%@oéﬁauéﬁoaﬁ%efffé}ﬁWvﬁréﬂSn

'supporting 10 tthe main vibrating portion 14,

- the second harmongg Wb sighbatindNmédberNEs SHRROHaLNGE FRE TN In 1P Hratidd. | | zed,
whi ch second harnmonic is shown in Figure 6. In Figure 6, 2la indicates the

supportingsbase 1In Glenthe ,Ftigifeeduetiepsos theivibratuk 200 0f22ke ilbhyistudahsl t he
sécond harnoni cs of the supporting 15 ~arnms 16a, 16b shown in Figure 5,
respect ively. As vﬂ:xappate:stpe is in the range of some 1lOOkHz to 1MHz, while
- ' that of the flexional vibration of the supporting arms 16a, 16b
3 is much smaller, depending on the width and length thereof.
In order to synchronize the resonant frequency of the support;ng
10 member 18 with that of the main vibrating portion 14,'thé second
harmonic of vibration of the supporting member'ls is utilized,
which sécomd harmonic is shown in Figure 6. In Figure 6, 2la
indicates the supporfing base 17 of the Figure 4 construction and
22a, zzg_illugtrate the second harmonics of the supporting
15 arms 16a, 16b shown in Figure 5, respectively. As is apparent
from Figure 6, the harmonics 22a, 22b are 180° out of phase.
The frequency of the second harmonics is about 15 timgs as great
- as that of the basic wave of the vibration frequency of the
o supporting member 18 and thus the freQuency £ of some 1OOkHz
20 to 1MHz is easily obtained by utilizing the second harmonics.
Consequently the synchronization of the resonant frequencies
of the main vibrating portion and the supporting member 18
can be realized. .
In the construction of Figure 4, since the flexional
25 vibration of the symmetrical supporting arms 16a, 16b is

balanced and since the vibration at the supporting base 17 is



fromFigure 6, the harnonics 22a, 22b are [err] out of phase. The frequency
of the second harnonics is about 15 tinmes as great as that of the basic
wave of the vibration frequency of the supporting member 18 and thus the
frequency f of sonme 100kHz 20 to 1MHz is easily obtained by utilizing
t he second harnonics. Consequently the synchronization of the resonant
frequencies of the main vibrating portion and the supporting nenber 18 can
be eal i zed. In the construction of Figure 4, since the flexional 25
vibration of the symetri caRSsupporting arns 16a, 16b is bal anced and since
the vibration at the supporting base 17 is - 15- small, it is.possible
to secure the supporting base 17 to the nounting nenber of arigd boﬂ.yf In
this case, ishabldat is pbssithertdlisatuviesthd lsapporiting ibage dizspbacenent of the
portion where the 'supporting base 17 i's connected to the rigid body so as 5
t o di m ni sh thhaenduatiksy eentiery of raa ek qigh body.g¥n thile ¢amegtin Brdér t he supporting
base 17 is made to be nore than twice as large as the width Wof the
supporting &enfurtber dispnishhthe vibratdng iGplacementnod the poptiono- et ching

‘process froma thin quartz crystal_plate which is forned by rotating 10 .
a Z-cut pl at@exs FHAPIERETSing base hi ﬁgﬁ’ﬁﬁcﬁﬁﬂgr"—e e Feadd PPt 8P afhd +50 2
The V|brator 100 is fo rred o that e W dth thereof long the X axis,

the | ehgth i€ %&"&HSB pge hdvY Etjc’ﬁl BRI s § éﬁﬁ% Phe Z axis of the.

quartz CrySto%' tlpel %Lgporting base 17 is made to be more than twice as
large as the width W of the supporting arms 16a, 16b.
'.l‘he vibrator 100 is formed by a photo-etching process o
from a thin quartz crystal plate which is formed by rotating |
lo a Z—cu_t_ plate _around the X axis thrqugh an a_ngJ.e_ between -5°
and +5°, The vib_rai:qr 100 is formed so that the width thereof
is along the X axis, the length is along the Y axis and the
thickness is a_.lqng the Z axis of the quartz érystal. plate.
The main electrodes 14'a, 14'b, which are provided on the side

iS surf;ces_ of the _ma‘i_n vibrating portion 14_, respect:l.v_ely,
proauce an -electric_ fielé in the direction of the X axis,
ﬁat is the widthwise direction of the vib:.rator,. whereby : \J
the vibrator vibrates in the Y axis direction, that is the
lengthwise direction of the vibrator.

20 In oxder to make the full use of the electric field
produced by the main electrodes 14'a, 14'b and to make the C.I value
small so _l,as. to. improve the vibrating efficiency of the vibrator,
the main vibrating portion 14 should be designed so that the
width‘ F thereof is small and the thickness is_-la_rge.- By reducing

25 the width F of the main vibrating portion 14, the. widthwise .



The main el ectrodes 14',, 14'b, which are provided on the side 15

surfaces of the main vibrating portion 14, respectively, produce an
electric fiéldiin the direction of the X axis, that is the w dthw se
direction of the vibrator, whereby the V|brator vibrates in the Y axis

that is the Iengthmﬁse direction of the vibrator. 20 In
order to nake the full use of the electric field produced by the main _..
‘electrodes 14 a 14'b and to make the C. I value small so as to inprove thes
“vibrating efficiency of the vibrators he main vibrating portion 14 shoul d
be designed so that the width F thereof is small and the thickness is _
" largex By reducing 25 the wdth F of the main vibrating portion 14, the

direction,

: Wi dt hwi se.

- 16 vib¥atlloal b0Rhe maliloviBRhfing Pérdiibh AdPesise@Nbyl 4neaused by

- the longitudinal vibration of the same decreases. Consequently, the
P'vibrating energy [longitiindly vileataon rofv iy ahhé Geprddsied ChisédueptBy,ENt ed -

~ from |l eaking out when transmtted to the 5 supporting arns 16a, 16b
wher eby t he vi br atthegvidirhtirige angrgyf pitddeced byatter main vilwratingl poktidns
desirable to provide sonething such as thin filmelectrodes or netal filns
al” the end of the Jfals prevented fropotesking iont orheor trapsuifitedt tq khe f r equency
of the vibrator. 10 The portion of the main V|brat|ng-ﬁortion 14 at

whi ch such 2l ect r CYRRCTHNGERF }6a), kb whenehy ehepViRraging eEf

FheEt er

‘referred to as the frq&yg&g ad! t| portlon

o/

10

15

20

25

It is desirable to provide something such as thin £ilm
electrodes or metal films at the end of the main vibrating
portion in order to adjust the frequency of the v:ii:ratcr. -
The portion of the main vibrating portion 14 at which such
electrodes or metal £films are to be provided is hereinafter
referred to as the frequency adjusting portion.

As mentioned above, the area of the planar surfaceé
of the main vibrating portion 14 is small. Conséquently,
if the frequency adjusting portion is provided on the planar
surface thgreof in the same manner in Figure 2 and if é metal
film is used for adjusting the frequency, the following
problems arise: _

1. As the area over which the metal £ilms can be
provided is small, the rate of the fiequency change for a
given thickness of film is low. Accordingly, a large quantity
of metal is required and adjustment efficiency is poor. |

2, Having regard to the strength of the metal film,
because the available area is sm.all, the thickness of the film

is limited. Conéequently, the range of adjustment of the



As nmentioned above, the area of the planar surfaces of the main vibrating

portion 14 is small. Consequently, 15

i f the frequency adjusting

portion is provided on the planar surface thereof in the same nmanner in
Figure 2 and if a netal filmis used for adjusting the frequency, the

~ follow ng problens arise: 1. - As-the area over which the netal filns can
be- 20 provided is small, the rate of the frequency change for a given

t hi
-req

g

g

kness of filmis low Accordingly, a large quantity of netal

red and adjustment efficiagcy is poor. 2.

strength of the nmetal film because the available area is small

t hi ckness of the film 25

adj ust ment of gt

QE " - _ - 17- frequency is-
xm t t . L2 . - .
narrow and the o %%a&ggs pgg?. _|s°g é%|¥75a|fy illustrated in Figure 7,

is

t he

is limted. Consequently, the range of

Having regard to the

A

.

therefore, the frggqgnggeé_gkégl’zngimtgﬁgt%a i FREER 9ednePeddde, Si de surface
a e

of the main vibrating portion 1

end thereof to elininate the

above- nent i onggk ErédlensP adiistitgporusmiisOprovidéd@nvidy at or of Figure 7 is
the same as that of Figure 4. The only difference therebetween is that a :
frequency adj sislel sarfacetofoth® hais yibpatisgdpartibinddsatieheur f-ace of the nmin

vibrating portion 14 at the end of the 10 : e
surrousded byendhghexegfota iehiminabe cthe]gonerundntiones pxohiliems ed
. connecting portion

1o

20

25

The configuration of the vibrator of Figure 7 is the same
as that of Figure 4. The only difference therebetween is' that
a frequency adjusting portion 23 is provided on the side

surface of 'the main vibrating portion 14 at the end of the

“half 1l4a ‘thereof which is not surrounded by the supporting

member 18 which is constituted by the connecting portion
15a, 15b, the supporting arms 16a, 16b and the supporting
base 17. A metal f£ilm formed in this way cé.n be removed

even."aftér the vibrator is sealed in a receptacle 21 és shown

in Figure 4 by effecting irradiation from outside by means of -

a laser beam if the receptacle 21 is made of transparent

material. The following advantages arise from providing

_ metal f£ilm for adjusting the frequency of the vibrator:

1. As the area of side surface of the main
#ibrati_ng portion is large enough, the rate of frequency
cﬁange- for a given thickness of the metal film is rather
large. Accordingly, the amount of metal required is small and
the adjustment efficiency is high.

- 2. By virtue of the range of thicknéss of the metal
film, the distribution of the frequency of the vibrator

can be averaged and adjusted. Thus a. good output can be

by the

hal f 14a thereof which is not



15a, 15b, the supporting arns 16a, 16b and the supporting base 17. A netal
filmfornmed in this way can be renoved even after the vibrator is sealed in
a receptacle 21'as shown 15 in Figure 4 by effecting irradiation from
out-si de by neans of a |laser beamif the receptacle 21 is nade of
transparent material. The follow ng advantages arise from providing netalﬂ
filmfor adjusting the frequency of the vibrator: 1. As the area of sife -
surface of the main 20 vibrating portion is |arge enough, the rate of
frequency change for a given thickhess of the netal filmis rather |arge.
Accordingly, the amount of netal required is small and the adjustnent
efficiency is high. 2. By virtue of the range of thickness of the netal

.25 ™~ film the daehievkdti on of the frequency of the vibrator can be

averaged and adjusted. Thus a good output can be achieved. In Figure 7,

": the frequency adj usti nngcﬁ‘itg'nm 723thes fpequende chdinsting mirddos@8fce of the

mai n vi brating portion 14a as an exanple. However, if the frequency
adj usting 5 PROHARS P ang) sdde sunfane pHithesaia wihmmhingspertdonof , nore
effective frequency adj ust ment is achi eved. The structure_of the end

" pertion of the main ﬁili‘rsa?'? ﬁﬁ%ﬂ’?ﬂ’fe&r’t ke ﬁ\ﬁaf’f%“&?%?ﬁ?“\#fﬁ at or whi ch

may be usedgin an ass accor.di t he prese ention is partly 10
dep| cted in Fi guresP%r ajr?d ok edtn 80151 “es *\'-[her“fo more _

effective frequency adjustment is achieved.
The structure of the end portion of the main vibrating
4 portion of the quartz crystal vibrator which may be used
in an assembly according to the present invention is partly
1o depicted in Figures 8, 9 and l0. | _ )
In Figure 8, main electrodes 24a, 24b are shown as
being provided on the side suriaces and a part of the planar
 surfaces of .a main vibrating portion 24, as shown by slash
lines, the frequency adjusting portions are pro_vided in
15 regions 25, 26. In this structure, when plating metal film onto
.the frequency adjusting portions, there is a problem that

the metal film_s extend to the planar surfaces and reduce

_\'/ the insulation resistance of the main electrodes 24a, 24b.
| The embodiments of Figures 9 and 10 have structures
* 20 such that the above-mentioned problem of insulation defficiency

of the main electrodes is eliminated, In the I-‘igu.re 9
construction, the frequency adjusting portions are indicated
at 27, 28 and are provided in the peripheral parts of _tl_xe
planar surfaces of the main vibrating portion. In Figure

25 10, éne main electrode 29'a extends to cover the end portion
of the main vibrating portion 29 as shown by the slash line,

and the main electrode 29'a is separated from the other main



In Figure 8, main electrodes 24a, 24b are shown as being provided on the
side surfaces and a part of the planar surfaces of a main vibrating portion
24, as shown by slash lines, the frequency adjusting portions dre”ppovided
-in 15 regions 25, 26. In this structure, when plating netal film
onto-gﬁg frequency adjusting portions, there is a problemthat the netal

- films "extend to the planar surfaces and reduce the insulation resistance of
the main el ectrodes 24a, 24b. The enbodi nents of Figures 9 and 10 have
structures 20 such thHe -t he above-nentioned probl em of insulation
defficiency of the main electrodes is elimnated, In the Figure 9 _
construction, the frequency adjusting portions are indicated at 27, 2§L§nd
are provided’in'tﬁ; ﬁsripheral-parts of the planar surfaces of the mari

vi brating poft95k°de #°Rgure 25 10, One mamin el ectrode 29'a extends

to cover the end porldon Okohf'eniiRiediyidh ehd Bad Ykbld, 22 sdBiclioun by the

slash line, and e maln electro a |s separated fromthe other main

41 - 19 - el ol gde.2Be lusehD $9gGre 09 f19LBtidtes dtkranisfie side surface, a
maski ng met hod nay be used. Figure 11 illustrates this nasking method

wherein a Vi pédloarvinleS® RS viiratef 30 BBigists Fakind@nSvibratingortion 31, a ¢
connecting portion 32a, 32b, supporting arns 33a, 33b and a supporting base
34. Mg n el epértddas3lila, coddécting portion 32a, 32b, supporting arms '

v

33a, 33pb and a supporting base 34. Main electrodes 3i_é_, 31b

of conductive thin film are deposited on a surface of the

vibrator 30. A frame 35 is provided for supporting a certain
" number of vibrators 30 which are to be mounted on one common

10 wafer. The vibrator 30 is connected to the fr.ame'.35 |
by means of a connector 36. Tne process of forming electrodes
on the side surfaces of ﬂge main vibré.ti_ng portion 31 is
described below. F:Lrst,é mask 39, hav:l,ng 6penings 37, 38
for forming conductive thin films is put immediately on the

15 vibrator 30. Then conductive thin £ilm material is sputtered
through the mask 39 for forming the electrodes on the side
surfaces which are electrically connected to the main electrodes \./
3la, 3i_b_, which main electrodes have been previously formed e

_on the planar surface. '. '

20 _ Reference is now made to Figure 12 wherein th.e'p:.:ocess for
forming electrodes is illustrated in more detail in
chronological order from A to H by sectional views. F:Lrsi:,
as shown at A, conductive thin films 4la, 41b are deposited
on opposite surfaces of a pie_zo-'electtic.wafer 40. The

25: | conductive thin f£ilms 4l_a_,. 41b ar.e. ax'r'ti—co_rrosive: with respect-

to the etching solution which is used on the piezo-électric



of conductive thin filmare deposited on a surface of the vibrator 30. A
frame 35 is provided for supporting a certain nunber of vibrators 30 which
are to bes mdurt ed on one comon 10 wafer. The vibrator 30 is connected
to the frame 35 by neans of a connector 36. Tne process of formng
~electrodes on the side surfaces of the main vibrating portion 31 is

described below. First,a mask 39, having openings 37, 38 for formng
conductive thin filnms is put imrediately on the 15 vi brator 30. Then -
conductive 'thin filmmaterial is uttered through the mask 39 for forming 4a
the el ectrodes on the side surfacés Which are electrically connected to the
' mai n gl ectrodes 3la, 31b, which main el ectrodes have been previously formed
- on the planar surface. 20 Reference is now nmade to Figure 12
wherei n the proceswafiegs f 8sndhoyn citeBt rapdthe jcondudtgve rthin Films fdpe 4bt ail in
" chronol ogical order fromA to H by sectional views. First, as shown at A
. conductive thin fiphefozmesist paterial(dny st dsofr@eddd the sopfiguEation o

pi ezo-el ectric wafer 40, The 25 ~conductive thin filnms 4la, 41b are

anti - corrosi ve wit9F Pe¥iRFetoR-o M EhER AtGr $HF RPERCHNECIMPSEHTE] on the
' -electri = 20- fer. : t - h d ' thin fil
a: a1b’ phot o- r st S aFt seendll RSB SopBhadiel ot of B HhERh L on of
~vibrator. Ag Sho""r\n?ﬁigmgl% W%&’& blidihi 1438, 4B ad BReARELGHED 10T O
of “the -vi br at or

the configuration
film. As shown at D, the piezo-electric wafer 40 is

~ etched into the configuration of the vibrator utilizing
the conductive thin films 4la, 41b as anti-corrosive film,
As shown at E, the photo-;resist material 42a, 42b is etched
10 into the configuration of the planar surface electrodes.
As shown at F, the conductive thin films 4la, 41b are etched
in the configuration of tl;xe planar surface electrodes utiiizi_ng
the photo-resist material 42a, 42b as anti-corrosive films.
As shown at G, the photo~resist material 42a, 42b is removed.
15 ' Then, as shown at H, side surface electrodes '44;a_, 44b are
formed by the aforementioned masking method usi_ng masks 43a,
U 43b. In the process shown in Figure 12, the step E which is
¢ __ used to form the photo-resist 42a, 42b into the configuration
of the electrcde can. be inserted after the step C.
20 The above described masking method has the :Eollowi.ng.
| diéadvant;ages: -
1, When bringing a piezorelectric vibrator and a mask
;i.n_to contact with each other, a positional: error of less
than lOoum is required. Moreover, both members must be

25 attached together before being put into the thin f£ilm forming



5 utilizing the photo-resist material 42a, 42b as anti-corrosive
film As shown at D, the piezo-electric wafer 40 is etched into the
configuration of the vibrator utilizing the conductive thin filws"4%a, 41b
as anti-corrosive film As shown at E, the photo-resist material 42a, 42b
i s, etched 10 into the configuration of the planar surface el ectrodes.
As. shown at F, the conductive thin filnms 4la, 41b are etched in the

- &@nfiguration of the planar surface electrodes utilizing the photo-resist
material 42a, 42b as antiacqurosive films. As shown at G the photo-resist
material 42a, 42b is renoved. Then, as shown at H, side surface

el ectrodes 44a, 44b are f or med by t he aforenentloned maski ng nmethod usy g
masks 43a, 43b. In the process shown in Figure 12, the step E which 78"
used to formappargtiuet odhieliigicreses i) nimphey Qﬁ@temﬁg%tion of the

. electrode can be inserted after the step C. 20 - The above
descri bed nagknwtpaateringdprreesshe fol | owi ng disadvantages' 1. When
bringing a piezo-electric vibrator and a into. onta w th each ot her,
a positional errdf of I%s%h% RERemREY 0% §h?é' F?té’ﬂf . both nenbers
‘must be 25 attach o et her befaore ut |nt _the thin film
f ar mi ng | effeqted w3 P‘ W@Wlaﬁc%ase&cﬁ'ﬁé &t of steps of the

" -

manuf aCt ur n%lgcgro%%s may be short circuited or the formation of the thin .
films on the side surfaces may be insufficient, thus }
lowering the manufacturing 6utput and also leading to the
unstable vibrating characteristics. |
| Figure 13 shows a series of sectional views which
10 illustrate an electrode forming process in which the above
defects of the method described with reference to Figure
12 are eliminsted. ' Here the description of the steps until
the.piezc_-electric wafer is etched into the configurétion
of the vibfator is onitted because these steps are tli'e same
15 as those described with reference to Figures 12(A) to 12 (D).
In Figure 13, the steps after the piezo-electric wafer is
'etched into the configuration of the vibrator are illustrated \_J
by steps E' to H'. The reference numeral 40 indicates the
l.n;ain.vibrating portion as an example of a part of the vibrator.
20 First, a sond'uctive thin £film 60 is formed over substantially
the entire surface of the vibsator 40, as shown at E'.
Photo-resist material 45a, 45b is formed in the configuration
of t;.he 'elecﬁrode,a shown at F'. Conductive thin films 4la,
41b, 60a, 60b are etched while utilizing the photo-reist

25 material 45a, 45b as anti-corrosive films as shown at G'.
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2. If the assenbly of the vibrator and mask is effected wthout the

accuracy as noted above, the-two 5 el ectrodes may be short circuited

or the forsreYi on of the thin filnms on the side surfaces may be

i nsufficient, thus | owering the manufacturing output and also leading to
the unstable vibrating characteristics. Figure 13 shows a series of
sectional views which 10 illustrate an el ectrode forming process in

4

whi ch the above defects of the nmethod described- with reference to Figure 12.
~are el imnated. Here the descriptd2on of the steps until the

pi ezo-electric wafer is etched into the configuration of the vibrator i

S
. omtted because these steps are the sane 15 as those described with

“reference to Fi gur esrihdtzy, tﬁelpﬁba)qrehﬂsd:hewz&ai\?ﬁaf, h51S L6 emdvdds ! ad he
.piezo-electric wafer is etched into the configuration 6f the vibrator are

il lustrated by stepsshewntat B*. The reférence nuneral 40 indicates the main
‘vibrating portion-as an exanple of a part of the vibrator. 20 First,
conductive thin film 60 The Fondustiive dhin fitnsm4iaaldlh ndycalsn if cdesirdédice of

the vibrator 40, as shown at E' . Photo-resist material 45a, 45b is forned

a

i the configurati orP®FeRqyedchefors Jeming anefhex sgonductivsnthis: £idn 60 msf i | ns

414, 41b, 60 60b a t che ile utilizing the photo-resist 25
nmateri al 45a% 45b asi'hﬁi f?gs]PVe films as shown at G. - 22 -

Fi'nal | y, the photo-resi S'I‘h mg}:oevrel glené. ned e?ectrode etm%mfng‘ process illustrated

in Figure 13 has advantages as follows: - .
w ' ' 1. .'l‘he technique required in the steps illustrated
| in Figure 13 is the same as that of a well—known photo-etching
10 process and Ian. accurate masking technique is not required.
| Accordingly, the manufacturing cost is reduced.

2._ Since the electrodes are formed by a photo-etching
process, the conf_iguration of the_ electrodes is accurately
defined. aAs a result, the characteristics of the uibrators

15 ~ are not likely to vary. o

In the process illustrated in Figure 13, it is required

to form the photo—resist on the side surface as shown by

Figure 13(F'). However, formation of the photo-resist on

L

the side surface_ is easily achieved by soaking into resist
20 .solution, spray_coating with_ a spray g'un,. or the like.
Although the conductive thin films 4la, 41b, 60 are
formed by way of example in a single layer in Figure 13, the
process can be also applied in the case of forming thin films
in a plurality of layers. | | |

25 As is apparent from the description so far, in order



shown at H . The conductive thin filns 4la, 41b may also if desired be
renoved before form ng another conductive thin film®60, as 5, ., In
Figure 13(E ). The above-nentioned el ectrode forning process iltudtpated in
Figure 13 has advantages as follows: 1. The technique required in the
' stg?s illustrated in Figure 13 is the sane as that of a well-known

pﬁ o-etching 10 process and an accurate nmaski ng techni que is not
required. Accordingly, the manufacturing cost is reduced. 2. Since the
el ectrodes are fornmed by a-®3oto-etching process, the configuration of the
el ectrodes is accurately defined. As a result, the characteristics of the
vi brators 15 are not likely to vary. In the process iIIustratedtLg,

Figure 13, it is required to formthe photo-resjist. on the side surface-as
shown by Fi gt £omm the)mainoglastrodesopfndt PRIF Of SYRSTFIRSE¥ esi st on the side.

un by Fi gER EOBB (e naioRARSFeAdRoRtnd PBHF 6F THED | on the
coat ?ﬁSb'vft Rk 1%3 'ggﬁvv?xgwr%tvﬁé’ﬁwkikﬂgi.f%?#oﬁé ForRES B AER hin (11 me
41a, 41b, 60 | €44 ingl e L 1 Fi 13,
'ne’ process. Tafesh Sch Hipi PEsete, SF i Subddelr U ckenfiutdy | 91 7,

plurality Ofcclx&ﬁ%égx? by an etching Hodess?PRA’ Gdtlerhi OWchdiurdescription so

far, in order
5 of the side surface to light so as to cbtain the configuration

“*

of the electrodé is in an oblique direction with respect to

the wafer. However, there are some problems with this method. e
For example, a minute pai:tern is haxd to obtain. Also, because .
of the necessity to put the wafer and photo-mask in contact

10 with each other, the photo-mask is likely to be damaged,
resulting in iaweri_ng'of oﬁtput. Further, as the obliﬁue

' light eprsure is required to be performed in tw;> directions
with respect to one surface, four light exposures are
'necessary for both surfaces, which are troublesome.

15 The structure of the vibrator may, however, be desj.gﬁed
to eliminate the above-mentioned problems in thé manufacturing
process and is described below with reference to Figures 14-16. \.J

Figure 14 illustrates an embodiment of a vibrator forming ;
part of an aséembly in accordance with the present invention

20 in which two main electrodes 46a, 46b aré formed on a main
vibrating portion 46. Recesses 47, 48 are provide& at opposite
ends of the main iribrétipg portion. 46,respectively and another
recéss 50 is provided at the fork of a supporﬁing base 49,

51 is a connecting portion between the \{ihrator_énd the
25 frame (the vibrator being broken away) and corresponds to 36 in

Figure 1ll.



to formthe main electrodes as a pair of electrodes by splitting, a
conductive thin filmnust be forned on a planar surface and a side surface
of the vibralorsin a predeterm ned configuration by an etching process. In
general, exposure 5 of the side surface to light so as to obtain the
configuration of the electrode is in an oblique direction with respect to
t he wafer. However, there are some problens with this nmethod. For exanple,
a mnute pattern is hard to obtain. Al % because. of the necessity to put .
t he waf er and photo-mask in contact 1 wi th each other, the photo-mask -
+is likely to be damaged, resulting in |owering of output. Further, as the 48
2 obl i qug_tight exposure is required to be performed in two dlrectlons wth
. respect to one surface, 'q“blﬁec??ﬁﬁt4'bxﬁ65§¥Pe§h°&Peimee€%§&P§¢H by thet h
surfaces,,-which are trou he structure of the

2 |
‘vibrator may, howevEMarBed & §‘I’i:1r?§dﬁt98‘%‘f lﬁ(ﬁa@é“tlﬁ’ésbbo%g%nﬁ%ed '

roblems in the ma (] SSed d.i e bed bel ow with reference
!too Fi gures 14-16. ;gﬁar é&' St 8%‘? éjrﬁ? gﬁ%ﬂt“&f‘ 'QRW‘HF& BPEH8R i ng
art of an assenbl n venti,o :
&’n ch two nain el eg‘tlér odggcs?l%g‘qq%&wg%g #éotril)'rgd’%g@e %ﬁ.tﬁleﬁ%ﬁéﬁ r?&e?)%rt i on

46. Recessess47, 48amis8tiy; VbElg e2d-e20085 b fatRPES 080 Jéf]dé?;%sﬁ?% esgé 5'.k_o f g

portion 46, respectively and another recess 50 Is prOV|
supporting base 49.rduhihSaftef QGEIHIAG dPREALIGA b@%%&&%tvum 2kOLsgand the
25

frame. (the vibrator being broken away) and corresponds to 36 in.
Figure 11. 47 at the end of the main vibrating portion 46, Figure 15(B)
'\/ is a cross-section taken along & line P-P' of Figure 15(a)
and shows that the fins 52a, 52b form slopes 53a, 53b |
10 respectively. By this structure, even if the direction of the
light is vertical to the piezo-electric wafer, the side surface
at the part where the recess is provided can be exposed to the
light. Thus, in the portions with the recesses 47, 48, 50, the
electrode on the side surface is easily split. The electrode
15 _split is also required at the connecting portion 51 in Figure

l4. However, at ‘the time when the vibrator is snapped away

at the connecting portion 51 between the vibrator and the

frame, the electrode is split. Accordingly, there is no need
' to provide a recess at the connecting portion 51. |
€ 20 The a.dvantages which arise from the structure

illustrated in 1-"_igure 15 are:
1. As the light exposure of the vibrator_ is completed
| only by the light in the direction vertical to the wafer,
a precise configuration is obtained. | |
25 | 2. Since light exposure of the projection type is
availa.ble, the photo-mask is free from being damaged, which

leads to a good output.



- 24 - The recesses 47,.48 are shown in nore detail by the enlarged views
of Figures 15(A) and 15(B). Figure 15(A) is a plan view of the_end portion
of the main vibrating portion 46. As shown in Figure 15(A), beéalse” of the
- etching speed 5 ani sotropy of piezo-electric material, so called fins
52a,- 52b remain after an etching operation is perfornmed at the recess 47 at
the end of the main vibrating portion 46. Figure 15(B) is a cross-.section
tg};@z]n along a line P-P of Figure-15(A) and shows that the fins 52a, 52b

sl opes 53a; 53b 10 - respectively. By this structure, even if the
direction of the light is vertical to the piezo-electric wafer, the sisde
surface at the part where the recess is provided can be exposed to thg.t

light. Th t t t th | ect rod '
LRI s Lot BY POBLIEE et 1o eRetes 83 Al pfiectlly | 1€, 1 SPLT00C on
required at t C&’th‘%r%&i{b‘lep%} ! Qﬁﬁiﬂxﬁi‘o?&‘gﬁﬂxﬁg lg%‘@.?"ee{sy at the tine

when the vibra I's snapped e connec I onN-51 between the

vi brator and af Ele 1Rt ,@gg&&dgsl&oga{l tmuﬁcgﬁgr&ggg%urﬂbere |s no

need to provide a recess at thé connecting” portion 51.

advant ages Whigdt 25 i se@stdritihifie réddceai ure illustrated |n F| gure 15 are 1.
As the |ight exposure of the vibrator is conpleted only by the light in the

directs on verti cakriguret D& id@istiratés ahethercenmtBinditr af iadRibratebt ai ned. 25 3
2. Since |ight exposure of the projection type is avail able, the
phot 0- mask i swhichemdy dox @rry afaamgisdembllyi ih accordance with this
invention in which the structure as shown in Figure 10 is
incorporated in the device of Figure 14. In.Eigure le, two
electrodes 54a, 54b are shown as be;ng.formed on a main
10 ‘vibrating portion 54. In this strﬁctﬁre,:it is impossibie,
having regard to the mechanical strength of the part, to
provide a recess at the split 55, 56 of the electrodes of
the main vibrating portion 54. So only the recess 57 is
provided at the fork of the tuning fork type supporting
15 - member. In this case, an oblique light exposure is required
after the wafer and the photo-mask are éisposed in contact
with each ether. If the recess 57 is not ﬁrovided, the oblique | Ke;
light exposure is required to.be performed twice, that is,
in the X direction and in the ¥ directidn whieﬁ are ehown
20 in Figure 16. In contrest, the presehee of the recess 57
enables the obligque light exposure to be pexformed only once
in the x ‘direction.
Certain chghges of the shape of the above described
recess are acceptable. For example, the recese may be
25 triangular-or square or may be a circular arc provided that:

etching of the piezo-electric materigl will produce a desired fin.



| eads to a good out put. -25- 3. Because the |ight exposure of the
projection type is available, the alignnment of the vibrators is easy and a
singl e |ight” exposure is enough. Thus the manufacturing cost is
substanti.ally reduced. 5 Figure 16 illustrates another 45.
enbodi nent of a vibrator which may formpart of an assenbly in accordance
with this invention in which the structure as shown in Figure 10 is -
incorporated in the device of Figure 14. In Figure 16, two el ectrodes 54a,

" 54b are shown as being fornmed on a nai RelD vibrating portion 54. In
this structure, it is inpossible, having regard to the nmechanical strength
. of the part, to provide a recess at the split 55, 56 of the el ectrodes of
the marn vibrating portion 54. So only the recess 57 is provided at the
fork of the tuning for[Furges,senpspoftthegsiighificant advabbages| of tthes case, an

- oblique Iight exposure is required after the wafer and the photo-nmask are
di sposed in cont acPhafieteing pracess isi thate the @ase of7pexfopming)ths/i ded, the
oblique |ight exposure is required to be perforned twice, that is, in the X
direction and in t FEOSesdi +&OCE AFERREed DY thesFrmplesify of theconfiguratia | p
contrast; the pres nc)ee) og t he recess 57 enables the oblique |ight exposure
to be perforned on% &M the X direction.” Certain changes of the shape
of t he above descri bed :



recess are acceptable. For exanple, the recess may be 25 triangul ar
or square or nmay be a circular arc provided that etching of the

.piezo-electric material will produce a de5|red fin. - -26- F#it™he®, one
of the. significant advantages of the photo-etehing—ptocess is that the ease
of performng the process is not affected by the co IeX|t of the
configuration to be etched. ““‘ ml““lIL“ - C LAl M 1.

A plezﬁ— | ectric vibrator assenbly conpr ceptacle within
which is mounted a piezo-electric V|bratoF the ™ Iongltudlnal vi bration
type, the vibrator having a nmain vibrating portlon whi ch vi brates o~

| ongi tudinally and which is @i flagswi th main el ectrodes, a supportin
“menber which supports the narn vibrating portion adjacent the point W

t he vi brating displacenent of the latter is smallest, the supporting nenber
having a tuning fork portion whose arns are di sposed on opposite sides of a
partlof the pieza-eliegtraid rvgbpuiori asseabily Woppeidinge iseaped Hedepkagleh base
term nals which are respectively 10 electrically connected to the main

el ecvigdasvwhighelis é@&ﬁﬁﬁ*&) af PERATCRESCIFLC tHETAEA oF i Bieal PRgEtH8ER3on bei ng

substantially the sane _as that of the
vibration "type, the vibrator hav1ng a main vibrating portion which

»

vibrates longitudinally and which is provided with main electrodes,
5 a supporting member which supports the main vibrating portion adjacent

the point where the vibrating displacement of the latter is smallest,

.
( ‘l

the supporting member havihg_a tuning fork portion whose arms are
disposed on opposite sides of a part of the main vibrating portion
and whose base is provided'with base terminals which are respectively
10 electrically connected to the main electrodes, the resonant frequency
of the main viprating_portion being substéntially the.same as that of the
second harmonic of the resonant frequency of the supporting member,
and a terminal. member which is hermetically sealed to one end of the
_ :e;gptacle‘and through which extend conductive leads wpich are
15 electrically connected to the base terminals by means extending
over a éross—sectional area greater than that of the conductive leads. \_)
2. An assembly as claimed in claim 1 in which the supporting - v
-member-also has a connecting portion which extends between the ends
of the arms remote from said base and the said point.
26 3. An assembly as claimed in claim 1 or 2 iﬁ which the arms are
parallel to the maiﬁ vibrating portion.
4, An assembly as claimed in any preceding claim in which the
~main vibrating portion and the supporting member are integral with

each other.



oo

second harnoni c of the resonant frequency Wmm—ng"’rﬁenber, and a
“term nal rrenber which is hernmetically seal 0 one end of the receptacle
and t hr ough “which extend conductive | eads \\‘n\ﬁ“g“ cally
connected to the base term nals by neans ext\sgm m ss-sect i ondl U
area greater than that of t he conductlve | ed "An®assenbl y as
claimed in claim1l.i.n which the_suppo ng nenber aI so has a connecti ng-
portion which extends between the ends of the arns renpte from said base
and the said point. 20 3. An assenbly as claimed in claiml or 2 in
which the arnms are parallel to the main vibrating portion. 4. An

.'- assenm,y as claimad i 'hnaHA’seH:ﬁa%ge& R¥afled! {1 lafy W¥ecBaidde ciBx Vi brati ng
portion and the supporting ne are int egra? Wt h each ot her. 28 5.

An assenbly as cl annggd chNei Yo Reed NGads Ard) ida ¥ platk henapeaduct i ve | eads
are rod or plate shaped. 6. An assenbly as clained in any preceding claim
in which the termenal meassimbly £ pLemRdfid ahp preeeding claim recept acl e.

7. An assenbly as clainmed in any preceding claimin which netal filns
are provi ded on sidesldchf tlecserminad mamdepoist nopress fiteinwthe vi brati ng
portion for adjusting the frequency of the vibrator. 10 8. An

assenbl § as cl ai rrE‘HCt?Htaah? preceding claimin which filmelectrodes of the

~sane polarity are prow ded
An assembly as claimed in any preceding claim

in which metal films are provided on side surfaces at an
\/ end pertion of the main vibrating portion for adjusting

the frequency of the vibrator. .

Ib 8. An assembly as claimed in any preceding claim -
in which film electrodes of the same polarif.y are provided
on corresponding side surfaces at an end portion of
the main vibrating portion.
9, aAn essenbly as claimed in any preceding claim

15 . " in whieh a recess .is provided at a part of the main
vil_)rating portion or of the said base where a main

electrode or a conductive lead has been split to form a

pair thereof.
v 10. An assembly as claimed in any preceding elaim in
t 20 which the vibrator has been made by a photo-lithographic

process comprising forming a piezo-electric wafer into
the shape of a vibrator, depositing a conductive thin film
over substantially the whole surface of said wafer, forming

a photo-resist on said conductive thin film into the shape



on correspondi ng side surfaces at an end-ﬁeF%Lon_Lﬁ_ilﬁajﬂﬂ n vibrating

portion. 9. An assenbly as clained in any preceding claim15 .
in which a recess is provided at a part H"Mm”m ' ting poftiof™or of
the said base where a main el ectrode or & 'mm'lg'@ has been split to
forn3§ipair t hereof . 10. An assenbly as® cltai Medsi n~any precedi ng clai m
in 2 whi ch the vibrator 2%as been made by a photo-Iithographic
process conprising formng a piezo-electric wafer into the shape of a .

vi brator, depositing a conductive thin filmover substantially the whole
surface of said wafer, formng a photo-resist on said conductive thin f&lm
into the shape 51 29 of electrodes, etching said conductivg*g
thin fil mtoofcelecturdese| etthindesaidycondubtsienghbmifdpst o- r'esi st as a~ -
protective film. and renoving said §h0t04resist. 11 A piezo-electric
vi brat or assé&atr paid eleghredas| Py sitilising saigspheticcrasistor e described with

reference to and as shown in Figures 4-17 of the acconpanying draw ngs. '
as a protective film, and removing said photo-resist.

11. A piezo-electric vibrator assembly substantially
5 as hereinbefore described with reference to and as shown

in Figures' 4-17 of the "accpmpanying drawings.
\




