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ULTRA-THIN PIEZOELECTRIC RESONATOR 

0001. The present invention concerns an ultra-thin piezo 
electric resonator, and more particularly, a resonator of very 
Small dimensions intended to be Secured flat onto the 
Substrate of a printed circuit. 
0002. By reducing the dimensions, the thickness of the 
piezoelectric element can be as Small as Several tenths of a 
millimeter and must thus be protected from any external 
attack or contamination by being hermetically encapsulated 
in an enclosure, which may be placed in a protective 
atmosphere or a vacuum. 

0003. It is clear that this enclosure must nonetheless 
include external electric connection means for the excitation 
electrodes arranged on either Side of the piezoelectric ele 
ment, these connection means usually also forming means 
for Securing the resonator to the Substrate. 
0004 Since enclosures formed by glass bulbs provided 
with through connection pins, the metal capsules provided 
with ceramic pearls for the connection pins or assemblies of 
the metal-ceramic type have long Since been abandoned, the 
most recent construction principle to which the present 
invention refers corresponds for example to the device 
described in U.S. Pat. No. 4,451,754. This device includes a 
rectangular plate of piezoelectric material cut out to form a 
frame-Support to which is attached the resonant element 
Situated at the centre, the two faces being metallised to form 
both the excitation electrodes and, for the frame, means for 
Securing two Symmetrical covers formed to leave a Space 
free above the resonant element. 

0005. When they are made in a single part, the covers are 
Stamped and each have a connection lug extending parallel 
to the piezoelectric plate, on either side of it. When they are 
made in two parts, each cover is formed of a metal frame and 
a rectangular closing plate, the connection lugs then being 
able to be formed with the same arrangements as before by 
extensions of the metal frame. 

0006 When the resonator which has just been briefly 
described, is arranged flat on a Substrate, it can be seen that 
the connection lugs are in parallel planes which are different 
from the plane of said substrate, which has the drawback of 
preventing mounting the resonator on the Substrate Solely by 
means of these connection lugs. It is well known that a non 
negligible part of the vibrator power is transmitted to the 
Substrate, which may over the long term have a detrimental 
effect on the quality and longevity of the resonator if it is not 
designed with efficient and preferably simple mounting onto 
the Substrate. 

0007. The object of the present invention is to overcome 
the drawbacks of the aforecited prior art by providing an 
ultra-thin resonator whose electric connection means are in 
a same plane and are also used as means for mounting it on 
a printed circuit Substrate. 
0008. The invention therefore concerns an encapsulated 
piezoelectric resonator including on the one hand a central 
plate made of a piezoelectric material cut to form a frame 
and a central resonant element connected to Said frame, the 
top and bottom faces having a metal coating, on the other 
hand bottom and top covers, each being formed by a spacing 
frame made of metal or a metal alloy and a closing plate, 
characterised in that at least one of the elements forming the 
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coverS is electrically connected to the frame of the central 
plate and has an extension bent into a Z shape to bring its 
distal portion in line with a covering plate and to form 
electrical and mechanical connection means situated in a 
Same plane. 
0009. The preferred embodiment is that in which all the 
portions constituting the covers are metal, the covering plate 
of the top cover then being the only one to have an extension 
bent into a Z shape. According to a variant, the bottom plate 
can also have a planar extension beyond the central plate, 
and thus allows the Securing of the connecting lugs onto a 
printed circuit to be made easier for example by means of a 
laser beam. 

0010. According to another embodiment, the Z-shaped 
bent extensions are formed from at least one spacing frame. 
In the event that each spacing frame is provided with a Z 
extension, which will evidently be at different places on the 
periphery of the frame, the top and bottom covering plates 
could then be formed of an insulating material, Such as a thin 
glass plate. 

0011 When the external parts of the covers are made of 
metal and have to be insulated, it is of course possible to 
apply an insulating varnish in accordance with known 
techniques. 

0012. Other features and advantages of the invention will 
appear more clearly upon reading the detailed description of 
the examples which follow, with reference to the annexed 
drawings, in which: 
0013 FIG. 1 is the perspective diagram of a resonator 
according to the invention, assembled and blown up; and 
0014 FIGS. 2 to 6 are side views of different embodi 
mentS. 

0015 FIG. 1 shows in perspective an ultra-thin piezo 
electric resonator 1, dismantled So as to be better under 
stood, in a blown up view showing its different constituent 
parts. FIG. 2 shows the same resonator in a side view. It 
includes in a known manner a central plate 5 made of a 
piezoelectric material of very Small dimensions. By way of 
example, the plate has a rectangular Surface of 5x1.8 mm 
and a thickness of 0.15 mm, and it has a central cut out 
portion allowing a frame 6 to be formed, to which is 
attached, by one of its Small sides, a resonant element 9 
represented here by a tuning fork. It is clear that the 
invention is not limited to a resonant element in the shape of 
a tuning fork, and that any other configuration of resonant 
elements would also be able to be used within the scope of 
the present invention. The bottom and top faces of frame 6 
and resonant element 9 have a thin conductive coating 7, 
obtained by known techniques, Such as vacuum deposition. 
The outer surfaces 8 (only one of which is visible in FIG. 
1) of frame 6 constitute the Support and Sealing Surfaces for 
the other constituent elements of the resonator. Bottom 
cover 11, i.e. the one which will be applied onto the substrate 
of a printed circuit is formed of two metal parts: a spacing 
frame 12 having the same dimensions as Surfaces 8 of 
central plate 5 and a covering plate 14. The top cover, also 
formed of two metal parts, includes a spacing frame 17 
which is identical to frame 12 and a covering plate 19 having 
an extension 20 bent into a Z shape. AS is seen more clearly 
in a side view in FIG. 2, in which the thickness of the 
assembled elements has been greatly exaggerated, the first 
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bend arranges an electrically insulating Space with the Stack 
of elements and the end of extension 20 forms a clamp 20a 
whose bottom Surface is in the same plane as outer face 14a 
of bottom covering plate 14. Surfaces 14a and 20 situated in 
a same plane constitute both the electrical connection means 
for the electrodes and the means for mounting on the 
Substrate of a printed circuit while assuring great Stability of 
the ultra-thin resonator. According to a variant shown in 
FIG. 3, it can be seen that the bottom covering plate 14 also 
has a Z shaped bent extension, Said extension being asym 
metrical to extension 20 of top covering plate 19 with 
respect to the median plane of the resonator. This construc 
tion has the advantage of providing resonators the direction 
of which will never have to be discriminated in an assembly 
chain. The mechanical and electrical mounting onto the 
substrate of a printed circuit could then be effected by any 
of Surfaces 20a, 14a, extension 10 then not being used, or by 
surfaces 10a, 19a, extension 20 then not being used. 
0016. The assembly of the various elements which have 
just been described to each other is effected by the known 
means of welding or Soldering or by applying a glue or a 
conductive cement. 

0.017. According to a variant which is not shown, spacing 
frames 12, 17 can be made of an alloy allowing covering 
plates 14, 19 to be soldered to the frame while arranging a 
Space Sufficient for the motion Space of resonant element 9. 
Frames 12, 17 are for example cut of a thin plate of a hotmelt 
material, such as the alloy Au-Sn (80/20) by stamping. In a 
Similar manner, it is possible to electroshape frames 12, 17 
with such an alloy directly either onto covering plates 14, 19, 
or onto surfaces 8 of the frame of the central piezoelectric 
element or onto both at the same time. Likewise, it is 
possible to apply an insulating varnish to all the outer 
Surfaces, with the exception of the Securing and connecting 
ZOCS. 

0.018. According to a variant shown in FIG. 4, the bottom 
covering plate 14 may also have a planar extension 15 able 
to make it easier to Secure the resonator onto the Substrate. 
According to another embodiment shown in FIG. 5, the 
means for connecting the top excitation electrode is formed 
by a Z shaped extension 18 of Spacing frame 17, according 
to the same principles as those defined hereinbefore. In this 
case, covering plate 19 has the same contour as that of frame 
17 and can be made of an insulating material. 
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0019 FIG. 6 shows a variant wherein the top and bottom 
spacing frames 17 and 12 each have a Z shaped bent 
extension 18 and 13. This embodiment also allows bottom 
covering plate 14 to be made of an insulating material. 
0020. In the examples which have just been described, 
the Z shaped bent extension or extensions are provided in the 
width of the resonator. It is clear that they could also be 
made in all or part of the length of the resonator. 

What is claimed is 
1. An encapsulated piezoelectric resonator including on 

the one hand a central plate made of a piezoelectric material 
cut to form a frame and a central resonant element connected 
to Said frame, the top and bottom faces having a metal 
coating, on the other hand bottom and top covers, each being 
formed by a Spacing frame made of metal or a metal alloy 
and a closing plate, wherein at least one of the elements 
forming the coverS is electrically connected to the frame of 
the central plate and has an extension bent into a Z shape to 
bring its distal portion in line with a covering plate and to 
form electrical and mechanical connection means situated in 
a same plane. 

2. A resonator according to claim 1, wherein the extension 
bent into a Z is formed from the top covering plate. 

3. A resonator according to claim 1, wherein the top and 
bottom covering plates each have an extension bent into an 
Z which is asymmetrical with respect to the median plane of 
the resonator. 

4. A resonator according to claim 2, wherein the covering 
plate of the bottom cover also has a planar extension beyond 
the central plate. 

5. A resonator according to any of claims 1 to 4, wherein 
the Spacing frames are made of a hotmelt material cut by 
Stamping a sheet or electroformed on the covering plates or 
on the frame of the central plate, or on both. 

6. A resonator according to claim 1, wherein the extension 
bent into a Z is formed from at least one of the Spacing 
frames. 

7. A resonator according to claim 6, wherein the two 
spacing frames each have an extension bent into a Z. 

8. A resonator according to claim 7, wherein the covering 
plates of the bottom and top covers are electrically insulated. 


