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. & P| EZCELECTRI C RESONATOR The present invention concerns piezoel ecgo'oiscww-
resonators which conprise a vibrating el enent nmounted in a tight seal ed
housi ng and nore particularly quartz resonators of small di nmensions which
are nost often used for making frequency generators in particuhag f8%1
portabl e el ectronic equi pnent, in nunerous fields such as horol ogy,
conput er science, telecomunications and nedici ne. Mdst quartz resonators
of small di nensi ons whi ch are RIEZGELH O RE ® mar ket can be
classified in tw categories: so-called "ceram c housing"” resonators and
so- called "netal housing" resonators. The housi ngs of the resonators which
belong to the firstheatpgesendr e imrahitiay featchons ngsiebhbelegeneial |y
conprise a | ral | I; pedal : ' i al,,
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assured by tWRrERIEESS: SRocadisl Seerpaic housing” resonators and so-

called "metal housing" resonators.

The housings of the resonators which belong to the
first category are relatively £flat housings which
generally comprise a main part of parallelepipedal shape
in a ceramic material, within which is mounted the
vibrating quartz element, a rectangular glass, ceramic or
metal cover, which is soldered via a tight seal onto the
main part and a connecting system, which may take
different forms, for electrically connecting the
excitation electrodes of the vibfating element to the
exterior of the housing.

However they are designed and made in detail, these
resonators are expensive.

The housings of the resonators which form part of the
second category are housings of elongated shape which
comprise a base with an essentially cylindrical contour
onto which 1is driven a metal cap, which is also
cylindrical, which may advantageously be manufactured by
stamping. In such case, the electric connection between
the electrodes of the vibrating element and the exterior
of the housing is assured by two wires or two metal strips
which pass through an insulating part of the base and
whose internal ends are bonded or glued with the aid of a
conductive adhesive material onto the contact pads of the



. which pass through an insulating part of the base and whose internal ends
are bonded or glued with the aid of a conductive adhesive nateri-al onto the
contact pads of the vibrating elenent,_so that these wires or strips

al so act as a support for this el enent. et al housi ng resonators whi ch can
be manufactured in a totally automated manner are nuch | ess expensive than
ceram ¢ housiunfjbrasingt elemedbei socohatcahebe tvwimresr otrhiseeipismad scheaner .
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exanpl e when t hey Metal rberping aesonadfiddes ovhieihdiand heymamafastiugedin

machi nes. Furfheprangy iduddngfiedth ﬂggpgeé iidn ssd | ipEnQh v

housi ng resonator ont0 a support suc printed circuit board is limted

t 0 the necess@PYABbE JRPUFIHAGD I LEFRNRGRES of THRIE GAfife @3PS g% 9T &hxese

external partgifési ERedbees RbwEPE2! thbyl RIsoORbYeCaNEEthi® Raiberoforsuch
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protect the r 2l nst vibrations or shocks. Since the housing is
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resonator or their_connections with the conductive parts of the support to
be broken. Furthermore, it frequently happens that the leanJOf

a metal housing resonator onto a support such as a printed
circuit board is limited to the necessary soldering of the
ends of its connecting lugs, i.e. the external parts of
its wires or metal strips, onto conductive parts of such
support and to gluing its housing onto this same support,
in particular to protect the resonator against vibrations
or shocks. Since the housing is cylindrical, its contact
or support surface on the support is very small which
means that, even although glued thereupon, it has
difficulty in stiffening the zone of the support in which
it is situated. Thus, if the support is not itself rigid
and if it may undergo deformations, the latter can cause
the housing to come unstuck and/or the connecting lugs of
the resonator or their connections with the conductive
parts of the support to be broken.

Finally, metal housing resonators may alsoc cause
problems when they are automatically surface mounted, i.e.
on printed circuit boards without holes.

As a matter of fact, in order to allow this type of
mounting, resonators whose connecting lugs are already
bent and ready to be bonded onto the printed circuit
boards are delivered in tape-shaped plastic packaging,
which may or may not be coiled, such packaging having
separate recesses for receiving the resonators and not
only allowing them to be transported but also to be
automatically withdrawn from their recesses to place each



~ Finally, nmetal housing resonators may al so cause probl ens when they are
“automatically surface nounted, i.e. on printed circuit boards w thout
holes. As a matter of fact, in order to allow this type of nounting,
resonators whose connecting lugs are alreddy bent and ready to be bonded
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of plastic material around the housing which completely
eﬁvelops the latter, except on the base side, and which
gives the whole the general shape of a rectangular
parallelepiped. On the base side, the block of plastic
material covers only approximately half of the surface of
the base, this half being that which is situated under the
connecting lugs. Furthermore, this part of the block acts
as a form for bending the connecting lugs whose ends are
folded back under such block.

Resonators of this type which are more especially
designed for surface mounting also have disadvantages.

Firstly, their manufacture necessitates additional
operations and materials and an injection moulding
installation which increase their cost price and,
secondly, their volume is markedly greater than that of a
conventional metal housing resonator, which is
inconvenient when they are to be used in instruments or
apparatus of small dimensions.

An object of the present invention is to provide a
metal housing piezoelectric resonator which has all the
advantages of known resonators of this type but not their
disadvantages.

In other words, an object of the invention is to
provide a tight sealed metal housing piezoelectric
resonator, of small volume and low cost, which can be



connecting lugs. Furthernore, this part of the block acts as a formfor
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I'n anot her manner %%S%QNJ 3%%&5 are achieved thanks to the fact that in
the piezoelectric resonator, according to the invention,
which comprises a vibrating element provided with
electrodes and a tight sealed housing of elongated shape
which contains the wvibrating element and which comprises a
metal cap, a base on which such cap is fixed and coupling
conductors which pass through such base and which have
internal ends electrically connected to the electrodes of
the vibrating element, the metal cap of the housing is
formed by a part in the shape o0f a rectangular
parallelepiped which has in its lengthways direction a
cylindrical axial blind hole.

Other features and advantages of the invention will
appear upon reading the description which £follows and
which refers to the attached drawing in which:

- Figure 1 is a perspective view of a preferred
embodiment of the resonator according to the invention;

- Figure 2 is a longitudinal cross-section of the
same resonator, according to plane II-II of figure 1; and

- Figure 3 is an enlarged view of zone A of figure

As it is shown in the drawing, the resonator
according to the invention comprises a tight sealed
housing 1 within which is enclosed in a vacuum or in an
inert gas atmosphere a vibrating element 2 comprising a
quartz tuning-fork 3 whose base 4 and arms 5 bear
metallisations 6. Metallisations 6 form electrodes 7 on
arms 5, which allows them to be subjected to electric



. These objects are achieved thanks to the fact that in the piezoelectric
resonator, according to the invention, which conprises a vibrating el enent
provided with el ectrodes and a tight seal ed housi ng of el ongated shape
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ﬂonductors 11 which are electrically insulated from each
other, which pass through base 10 and which serve both to
connect electrically vibrating element 2 with the exterior
of the housing and to support such element within said
housing. For this purpose, conductors 11 have their
internal ends 1lla fixed via small mass of conductive
adhesive material 12 onto connecting pads 8 of the
vibrating element.

According to the invention, metal cap 9 is formed by
a part in the shape of a rectangular parallelepiped, which
has a cylindrical axial blind hole 14 in its lengthways
direction. '

As figure 1 shows, this part has a square section,
which means that resonator 1 is practically no more bulky
than a resonator having a cylindrical cap of the same
length as that of cap 9 and an external diameter equal to
the length .of the sides of the cross section of the
latter.

On the other hand, as a result of its
parallelepipedal shape, cap 9 of the resonator according
to the invention is much more massiv and conseguently much
more rigid and much more mechanically resistant than a
cylindrical cap.

Moreover, cap 9 can be easily manufactured and at a
low cost from a bar of square section of a metal material
such as copper-nickel-zinc alloy or brass, which is both
easy to machine and capable of being elastically deformed



det er m ned node,
The shape and the arrangenent of netallisations 6 on tuning-fork 3 will not
be descri bed here since they depend on features of the latter and on the
manner in which arnms 5 have to vibrate (fl@&xion, torsion or other). Housing
1 conprises the sane parts as that of the netal housing resonators which

and on base 4 connecting pads 8 for the vibrating el enent.
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resonators fgLecggéonator 1 do not have the disadvaﬁtages
of conventional cylindrical housing resonators, as regards
their transportation in tapes and their automatic mounting
on supports, in particular printed circuit boards, and if
it happens that their support surface is still
insufficient, it is easy to resolve this problem by
providing such resonators with housings of not square but
rectangular section, in other words wider housings than
that which is shown in figure 1 but no higher and no
longer than the latter if one wishes to increase as little
as possible the volume of such housings.

Finally, there is another reason for which it is
advantageous to have a parallelepipedal housing rather
than a cylindrical housing. This reason is as follows:

When a resonator housing is made, one always assures
that the mass and the rigidity of such housing are adapted
to the features of the vibrating element so that the
completed resonator has, amongst other things, very good
electric performances and so that it keeps them as long as
possible.

For a cylindrical housing of a given length and whose
base remains the same, this adaptation can only be made by
modifying the thickness of the cap.

On the contrary, for a parallelepipedal housing, it
is possible to change the length of each side of the
section of the cap if such section is square or the width

other hand, as a result of jts parall el epipedal



.Moreover, cap 9 can be easily manufactured and at a | ow cost froma bar of
square section of a netal material such as copper-nickel-zinc alloy or
brass, which is both easy to nachine and capabl e of being elastically

def or ned 6 at the nonent the cap is drizven onto base 10, by making in
said bar, at one of its ends, by profile-turning, a cylindrical
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Finally, there anot her reason
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For this reason, it might be thought that to make a
parallelepipedal housing whose tight sealing is as good
and as durable as that of a cylindrical housing, it is
necessary to design a new base or at least to provide for
the diameters of such base and of the hole of the cap even
more severe tolerances than those which must be respected
for the manufacture of a cylindrical housing resonator.

Experience has shown that this is not the case and
that one can very well use the same base and have the same
tolerances in both cases,'which is another advantage of
the resonator according to the invention.

As it is shown in figure 2, this base comprises a
central cylindrical part 15 made of an insulating
material, more precisely of glass, through which
conductors 11 pass and which is surrounded by a ring 16
formed of a-.-metal material capable of adhering very well
to glass, having practically the same thermal expansion
coefficient as the latter and being well suited to
galvanic treatment, which is the case for example for the
nickel, cobalt and iron alloy known by the brand name of
"KOVAR" and the iron and nickel alloy called "alloy 42*.

As can be seen in the same figure, the external
surface of ring 16 has, on the side opposite to that where
vibrating element 2 is situated, a main cylindrical part
l16a which represents approximately seven tenths of its
width and a part having an approximately spherical shape
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iedastgecally e ormable layer Whlch ‘s Combressed when the
cap is driven onto the base and which, as a result of such
deformation allows the tight sealing of housing 1 to be
assured. This layer 17 is preferably itself formed of
several layers, for example a layer of copper, a layer of
lead and tin alloy and a layer of silver.

Second layer 18 which is approximately ten to fifty
times thinner than layer 17 is a gold layer which is also
galvanic and deformable, and which has the role of
protecting the metal surface ‘of the base against
oxidisation and other phenomena which could cause it to
deteriorate and to assure that this surface remains clean
between the moment when the base is manufactured and that
when it is assembled with the cap.

As regards conductors 11, they are formed of wires of
small diameter, manufactured initially from a material
having the same properties as those which have been
indicated previously with regard to the material which
forms ring 16 and which may thus also be "KOVAR" or alloy
42.

Since these wires have undergone the same galvanic
treatments as base 16, their internal parts 1llb which
support wvibrating element 2 and their external parts llc
which form connecting lugs for the resonator are covered
by the same layers 17 and 18 as the base. These layers are
not without use since it has been verified that for
certain adhesives gold layer 18, in particular, allowed
the reliability of the adhesion of the ends of wires 11
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shows, the extesuppostirdmothich the resonator will be mounted. .
This having been said, it is quite clear that the

invention is not limited to the embodiment which has just

been described.

In particular, the connecting lugs could have a
different shape and could be, for example, simply
straight.

The internal ends of the conductors could be bonded
and not glued onto the connecting pads of the vibrating
element and these conductors could be not wires but thin,

© narrow metal strips.

Furthermore, the base could be made differently; for
example, in the form of a substantially cylindrical and
essentially metal block, with only two small sleeves of
insulating material at the places where the connecting
conductors pass. '

Moreover, the cap could be nickel or chromium plated
and not driwven but soldered onto the base.

Finally, it is quite ewvident that the vibrating
element could have a shape other than that of a tuning-
fork, for example that of a bar, and that whatever its
shape, this element could be supported in the housing by
means other than the coupling conductors themselves, for
example suspension bars attached to the base. In certain
cases, the vibrating element could even be directly glued,
via one of its ends, to such base. '
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cylindrical axial blind hole (14).
2. Resonator according to claim 1, characterized in

that said part in the shape of a rectagular parallelepiped
has a substantially square section.

3. Resonator according to <c¢laim 1 or 2,
characterized in.that said cap (9) is made of copper-

nickel-zinc alloy.

4. Resonator according to any of the preceding
claims, characterized in that said cap (9) is driwven onto

- said base (10)}. , .

5. Resonator according to claim 4, characterized in
that said base (10) comprises a central cylindrical part
(1S) of an electrically insulating material, through which
said conductors {(1l) pass, a metal ring (16) surrounding
said central cylindrical part and at least one metal layer
(17) covering the external surface of said ring and
capable of being elastically deformed, which is compressed
when said cap (9) is driven onto said base (10} to assure
the tight sealing of said housing (1).

6. Resonator according to claim 5, characterized in
that said metal layer'(17) is itself covered with a thin
layer of gold (18}%.

7. Resonator according ¢to <claim S or 6,
characterized in that said central cylindrical part (15)
is made of glass.



.9-onto the connecting pads 8 of vibrating el ement 2 to be increased and
that this same layer also allowed, in certain caﬂmmmmﬂm o of the
connecting lugs of the resonator onto a support [if m el i abl e.
As they are shown in the draw ng, these cohhectind |tgs- are foré especially
provi ded for surface nounting of the resonator. This is the reason why they
have been fol ded twi ce, at approximtely 90, so that their ends are
substantial |y paral %l RESAHEIDNGCCHNHNT akios BRYt hefr delmatmsreceding

tangential 10 dihs i anendPadbeslzéd §hteﬁaedthaelhwn@‘1 C&ms@ yhigh well
be in contact With the su port_on which the res naé) be npunted. This
rf%’é?ﬁ o‘?P‘F% Ho

havi ng been sd&iff GUBRLIRA FRPEATS h@tl)t RS e Yihragdngo

t he enbodi nente Mtk h33) ] @3id hagspstescehbedattepani tBharsaildhens0snagt i ng
| ugs could have .a different shape and could be, for exanple, sinply
straight. The §t'ernal ends of the conductors coul d be bonded and not gl ued
onto the connecti ng Spadesohatbs ackoxtding d¢loerd@im i t¢tmcbariilzedrsn

coul d be not ar, t e
coul d be nade é{afq?er entl{f:mé}f":%)drn!L eéxr{az‘},¥ ”ﬁ_ﬂ) %ﬂe&%{) r} a su S?%%%&%P?és
cylindrical ardldsasif |%1Hi%d R tkh@)é{é-bmttlm%rﬁlﬁl%w shal | bg| meges @f—

i nsul at i ng Mateidopdudic ie ahaseve iLESr141E. CONNecti ng conductors pass.
Mor eover, the cap cqul d be ni ckel or chyom um plated a d ot drlven put

sol dered onto the HdseRSSORAYIE PRESOTHRAT e t&Vi ABXt Phatthhe RASTELIRY
el enent coul d diadens, stclapeactdeizédaint bhatobaddt Bﬂiﬂo.ltgt-tlng element (2)

comprises a guartz tuning-fork (3) whose branches (5) bear
said electrodes (7).



fork, for exanple that of a bar, and that whatever its shape, this el ement
coul d be supported in the housing by nmeans ot her than the coupling
conductors thensel ves, for exanple suspension bars attached to the base. In
certain cases, the vibrating el enent coul dZven be directly glued, via one
of its ends, to such base. CLAIM5 1. Piezoelectric resonator conprising
a vibrating elenent (2) provided with electrodes (7) and a tight seal ed
housing (1) of ABETRRGEE edP e, ECUhGi REANARIRI vi brating el ement and
conprising a netal cap (9), a base (10) on which said cap is fixed and

coupling conductors (11) passjng through said base and having internal ends
(11a) el ectrical | y TRRAnRYREIG SARFLMS RIRRRSIFCHHE Fefcatarsl

C]bar acteri Zedlwmpbatsﬁs&: dvimfﬁt:\.l\ﬁ@pﬁa&heln% fxﬁtﬁ\i?ﬂel ayia rzarﬁaagntt rseaﬁdwe

of a rectangu aral |l el.e e Ich has inits |le I re

oyl {ndr cal  axharbEpdnaBHo RETEL PR S A BHAECE of CPHGHERES) AEmepall
characterized aﬁméﬁsdomde part in the shape of a rectagul ar paraIIeIeprped

has a substantlallydﬁ a#ﬁe‘gglcﬁkr§c (ygﬁé%oracgg Ig&hn%rcEglaHﬂ

or 2, characterize cap (9 e of “copper- Zinc
al l oy. 4. Resobaverticsbr diomprisesy af tighpretealind c Qllﬁs»ng:ha(r]a)ct @f zed

in that said Cé]?oﬁ?&téa dhia¥eN WAl Tt éﬂ@)v:.@ragfﬁsnéﬁ.%e%‘{:c%ﬂi ng

to claim4, characierized,in that said base % rlses a centra
cylindrical pavRiehs§omprifes| achpeeall)’i relra Pﬁ& it BeLat <@m ddgh fhi ch
fixed and coupling conductors (11l) which pass through the

base (10) to connect the vibrating element to the exterior
of the housing. According to the invention, the metal cap
{9} is formed by a part in the shape of a rectangular
parallelepiped which has in its lengthways direction a
cylindrical axial blind hole. This shape allows the cap
{(9) to have a much better mechanical resistance than that
of a conventional cylindrical cap and allows the resonator
to be able to be easily mounted, in an automatic manner,
onto a support.

The resonator according to the invention can be used
to make frequency generators in particular for portable
electronic equipment, in numerous fields (horology,

. computer science, telecommunications, medicine, etec.}).

(FIGURE 1)



sal d, conductors (11) pass, a netal ring (16) surrounding said central
cylindrical part and at |east one netal layer (17) covering the external
surface of said ring and capabl e of being elastically deformed, which is
conpressed when said cap (9) is driven onto said base (10) to assure the
tight sealing of said housing (1). 6. Resongtior according to @ aimS5,
characterized in that said netal layer (,l7) is itself covered Efth a thin

| ayer of gold (18). 7. Resonator according to claim 5 ork 6,
characterized in that said central cylingdrical part (15) is e of gl ass.
11 8. Resonator according to any of the pxeceding clains, jaracterized in
that the internal ends f the coupliNg counductors A11) are fixed onto
the vibrating el enent “jand support the W2t tn said housing (1)

9. Resonator according to claim8, characl £/ ot the internal ends
(11a) of the connecting conductors (11)re€ ®x 0 the vibrating
element (2) by means ofjg conducth&,é 10. Resonat or

according to any of the precedl . ] Y ’//zed in that said
vibrating elenment (2 32 Qrk (3) whose branches (5)
bear said el ectrodes - g 9
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