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TRANSDUCER The present invention relates to a device cagiate of
"being subnmerged in a liquid such as water, like for exanpl e a Qtﬁh&’
worn on the wist such as a watch. Mre particularly, the invention

concerns a device of this type 5 in which an acoustic transducer is nounted

I n the case. In order to guarantee the water resistance of watches
worn on the wist to a depth of immersion which may nom nal ly reach

thirty odd nmeters, nounting an acoustig transducer in the watth case

wi t hout any communi cation 10 path being provided between the transducer and

t he exterior which is cqmggg_iyggggLJgEJgggmgﬂﬂEﬂmggggound waves i s

al ready known fromthe pri he advantage of
guar ant eei ng very good wa ois owever, since
t he acoustic '15 energy has to reach the transducer or be transnttted
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not suited to re oductr n and/ Qr reception of conpl ex sounds.such as
speech or musi &° ||t?1 {'.o aP depth of immersion which may

nomlnally reach thirty odd meters, mounting an acoustic
transducer in the watch case without any communication
10 path being provided between the transducer and the
exterior which is capable of directly leading the sound
waves 1is already known from the prior art. Such an
assembly has the advantage of guaranteeing very good water
resistance for the watch. However, since the acoustic
15 energy has to reach the tranétiucer or be transmitted
therefrom through the solid wall of the case, this
solution is only possible if one 1is satisfied with
mediocre acoustic quality. The band of frequencies which
can be used is thus limited to the frequencies which
20 succeed in passing through said wall. In practice, one has
to work with the transducer resonance frequencies, these
frequencies only being able to be transmitted effectively
through a wall of the case if they correspond to a
resonance frequency of such wall. This necessarily limits
25 the range of frequencies able to be transmitted and is
thus not suited to reproduction and/or reception of
complex sounds such as speech or music. It will also be
noted that such a wall inconveniently absorbs the
transmission of sounds transmitted or received by the

30 transducer.
An aim of the invention is to provide a device of the
‘type indicated hereinbefore fitted with an acoustic
transducer mounted so as to be able to operate over a
broad acoustic spectrum, in particular the acoustic



noted ‘that such a wall inconveniently absorbs the transm ssi on of

sounds transmtted or received by the 30 transducer. An ai mof the
invention is to provide a device of the type indi cated herei nbefore
fitted wth an acoustic transducer nmounted so as to be able to operate
over a broad acoustic spectrum in partécular t he acoustic

-2- spectrum correspondi ng to speech,“while assuring a high degree
of water resistance. The invention thus - concerns a portable
wat er resi stant devi ce capabl e of undergoing subnersion to a 5

predet erni ned RRRIFTUR LITRRFPINSERE &0 \aRach | Whilgpssening a gy
resi stant wat chdegresd wdi Rgtérceesidtiance.Which is nounted an acoustic

transducer so as s SR .cat i n tertight manner, wWth the
exterior of t he C'Itg%e vita 'aco&glt i cﬁ%ur#erg‘g?%%%sagt%ri g@ﬁ%‘ﬁ]fha_twaﬁ?_r
- said acoust¥eslistantsdiewice | capablieichtd undergeing rerimensdonhi th ias

able to be defgsrebrerpRacali BGpth 11ha a VAR | GHCHTRRRET @B, an il et
cavity which is_arranged in said case and 1 n _direct. comunication wth
t he exteri orr,’a’ftr?'ct“ﬂ'gtr S BRI SIstant ot 15° D% P bh§ass s

peri phery onto whidst surfreamted arged aaomsitd cs aitdtansdaewi t yssepasat iteg the
latter 10 a val&qmalicat@NNgh br Gtareigle Uil O RhATHY Blanded s
said case on the side of the ' fenbrane 0 posite  Said cawety whi'l e
being in cdhfifiase VR aFeRstife anﬁr@MfOF:géFa%ﬁ%Ils(%éP &hatin that 20
the bottombs said def osandi oacetstber toansdwcerippdst attaskda@cetrbor gsaid
renbr ane when gy gl lnah,sShAtLC BIESRY Be aefLSRALE! ddHL11RERN G0
value is applie ereto. )
watertight mahner from an inlet cavity which is arranged
in said case and in direct communication with the
exterior, in that said membrane is resiliently applied by
15 its periphery onto a rest surface arranged around said
cavity separating the latter in a watertight manner from a
deformation chamber arranged in said case on the side of
the membrane opposite said cavity while being in
communication with the interior of said case, and in that
20 the bottom of said deformation chamber forms a support
surface for said membrane when an external static pressure
greater than a predetermined value is applied thereto.
As a result of these features, the acoustic
transducer can receive or transmit acoustic energy via the
25 membrane which, being suspended in the case only by its
peripheral edge, can vibrate freely without impeding
transmission or reception of this acoustic energy to or
from the transducer.
The membrane can be held applied against the case
30 rest surface via a resilient element bearing on the bottom
of the deformation chamber and acting on the edge of the
membrane.
However, according to an alternative embodiment, the
membrane can be held applied against its rest surface by
35 means of its own resilience by being mounted taut in the
‘case.
Other features and advantages of the invention will
appear during the following description, given solely by



As a wsesult of these features,. the acoustic transducer can
receive or transmt acoustic energy via the 25 menbrane whi ch, being
suspended in the case only by its peripheral edge, can vibrate freely

wi t hout i npeding transm ssion or reception of this acoustic energy to or
fromthe transducer. The nenbrane zan be held applied against the
case 30 rest surface via a resilient elenent bearing on the bottom of

t he deformati on chanber and acting on the edge of the menbr ane.

However, accordin an alternatjve enbodi ment, the menbr ane can be
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which is in general ﬁoré}@jlfollowing description, the invention will be
illustrated ih its application to a timepiece such as a
wristwatch. It is clear however that the invention can be
applied to any other device, which is in general portable
15 and of small dimensions and has to include at least one
acoustic transducer, the device being further capable of
being submerged in a 1liquid such as water to a
predetermined depth. Moreover, in the example described,
the acoustic transducer is a loud-speaker, however a
20 microphonic transducer may also be advantageously used
with the invention. '

This being so, Figure 1 shows a cross-section of a
wristwatch 1 whose water resistance is guaranteed to a
predetermined depth of water, a depth of 30 meters being a

25 value often given in practice.

Watch 1 in Figure 1 includes a case 2, a crystal 3,
hands - 4 and 5, a dial 6 and certain parts of a time-
setting mechanism 7. All these elements, as well as those
sketched or not visible in figure 1, such as the

30 integrated circuit, the quartz, ~the miniature motor, the
gear train etc. are conventional and thus do not need to
be described here. Although this is not a 1limitative
application of the invention, the device according to the
invention fitted with the microphonic transducer or loud-

35 speaker could advantageously be a watch forming a portable
'telephone.

In the case shown, the case 2, includes a back cover
8 lined with a support disc 9 superposed onto back cover 8



15 and ‘of small dinensions and_has to include at |east one acoustic
transducer, the device being further capable of being subnerged in a
liquid such as water to a predet ermi ned depth. Mbreover, in the
exanpl e descri bed, t he acoustic transducer is a |oud-speaker, however a
20 m crophoni c transducer may al so be advagntageously used with the
I nventi on. This being so, Figure 1 shows a cross-section of a
wristwatch 1 whose water resistance is guaranteed to a pr edet er mi ned
depth of water, a depth of 30 neters being a 25 value often given in
practi ce. in cpgecR andnatrtgched 1thergtpidy anyasuirabiecpeang; for
hands 4 and 5, e&afibk Byaddhd&SidioR BRADSEPEtEnd .| ME- setting nechani sm
7. Al these elenents,. as well _as @ﬁe s.léﬁ% hed o% not visibple E?
figure 1, such as tRB80°PYeR P AR WS R L FEXHEY, OFn& R RPAL are
motor, the . gfargdrexallet ciraudaroshapei caral phacedudndcommunicedivn
be described hey, dﬁléh&w-&hi ﬁ\é t ned, | A0, LRk | igpahion of
. . h : of ¢ i whiPR' bpéhk
t he i nventi gjn, %{lﬁe evl ce acclg?rdl toalﬁ)le _a] n\}{egrfﬁéon Itted w tlglJ t he
m cr ophoni ¢ tréi%ééﬂ-Ythﬁﬁﬁ%Pt%g%ﬁ%@@eFaUéGYd13dv§ﬁ?§g%‘6\ﬁ§¥y8 bBa& fat ch
forlm 39 a pgrt%alre:ulart HedphQifrface 12 wiitH heiashespeesenthexmipde?,
i ncl udes a back _cquer .8 lined with a support, di 9 su onto _
back cover g inclines sllghtiy 'Wlt\M raspedtPES the a_%ﬁ._s ot Bg{r??ﬁg%'e 5 and
attached thereto byOsppsitet abvitneddsoff dack aouem|® byuRRPRSi 8aser snap
fitting. 19 hadBagk LQAs 813 NPrudgenévhiy ekisayidy %haﬁaarmercﬂoi_s of
general ly circul ar shape and Ia.celd I n commnigatlp w.th the e.XTh%I’I or by
means of a charﬁmr%faiﬁ %‘Bﬁﬁsa to cavity while having a slightly
greater diameter. This recess 13 con_stitutes a deformation
chamber. It is edged by a peripheral rib 14 having a
rounded edge contiguous with an annular groove 15 situated
15 on the interior with respect to rib 14.
_ In the volume formed by cavity 10 of back cover 8 and
recess 13 of support disc 9 is arranged an acoustic
transducer unit 16. This assembly includes a membrane 17
formed of a circular disc to which is fixedly attached a

20 peripheral shoulder 18 whose external surface is bonded to
a peripheral lateral wall 19 arranged around rest surface
12 respectively on back cover 8 and support disc 9. Thus,
membrane 17 assures the sealing of the interior of watch 1
as regards the exterior.

25 In the zone situated within the inner edge of rest
surface 12, membrane 17 is free to deform. It is held
against this rest surface by a res_ilient element 20 in
order to allow the active part of transducer 16 to vibrate
in the lowest frequency mode. This latter is formed for

30 example of a ring housed in groove 15 of support disc 9
and provided with Z-shaped resilient lugs 21 (Figure 3),
for example ten in number for a diameter of membrane 17 of
approximately 25 mm, which are cut out and bent outside
the plane thereof in the direction of membrane 17.

35 Resilient 1lugs 21 are compressed and thus apply the
‘membrane against rest surface 12 while strictly delimiting
the zone of the membrane able to vibrate freely. By way of
indication, resilient ring 20 develops a total force of



laterally thereinto. Around cavity 10, back cover 8 has a circul ar rest

surface 12 which, in the present exanple, inclines slightly with respect
to the axis of cavity 10. Qpposite cavity 10 of back cover 8,
support disc 9 10 has a recess 13 of generally circular shape which is
approximately coaxial to cavity 10 while ving a slightly greater
diameter. This recess 13 constitutes a deformation chanber. It is edged
by a peripheral rib 14 having a rounded edge contiguous with an annul ar
groove 15 situated 15 on the interior with respect to rib 14. In
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total force of _recess 13 in the free vibration zone around the latter. It

15 is available commercially from the Murata company, Japan.
According to an alternative, transducer element 22 may
also be attached to the membrane during moulding thereof,
either by being partially incorporated therein, or by
being duplicate moulded with the membrane material.

20 It is to be noted that lugs 21 preferably exert their
pressure on the 'end edge of transducer element 22 in order
for it to be able to transmit as low a frequency as
possible for a given diameter. Lugs 21 abut against the .
edge of the metal strip of transducer element 22 wvia which

25 they apply membrane 17 onto surface 12.

In order to avoid distortion, care must be taken that
the application forces exerted by resilient lugs 21 are
sufficient to hold transducer element 22 against the rest
surface, i.e. that it is permanently held during

30 operation. However, these forces should not block its
orientation (i.e. as tough it were embedded) which would
typically lead to doubling of the fundamental frequency of
the transducer element.

Recess 13 forms an inner chamber which is in

35 communication with the interior of case 2 through passage
‘orifices 23 arranged in the base 13a of recess 13.
Membrane 17 can thus be deformed in this inner chamber or
recess 13 until it applies against base 13a thereof. This



- 5- . the order of 250 to 600 g.. It is clear that this force depends

upon the dianeter of the nenbrane and its weight and thi ckness and the
acoustic frequencies which one Wi shes to transmit or receive. 5
Transducer assenbly 16 also includes a transducer el enent 22
(formng the active part of the transducerg - which, in the case shown, is
a piezo-electric type | oud- speaker. It may al so be a receiver

(m crophone function). In the case shown here, it includes a netal strip
i nserted 10 between two piezo-electric discs (not visible in Figure 1),
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structure allows adaptation to variations of the static |
pressure resulting for example from variations in altitude
and/or climatic conditions, when the watch is worn.

20 It will be noted however that membrane 17 itself can
be made in such a way that it £fulfils the pressure
balancing function instead of membrane 26. In this case,
membrane 17 must be made of a flexible material which is
semi-permeable to gases whose static pressure varies at a

25 very low frequency.

The behaviour of membrane 17 is as follows.

When the watch is worn outside water, membrane 17 has
a flat configuration in which it is free to vibrate and
thus to transmit to the exterior without interference the

30 acoustic vibrations generated by element 22.

Conversely, when the watch has just been submerged,
membrane 17 will be deformed because of an abrupt
variation in the differential pressure present on both of
its sides. It will then assume a curved shape in the

35 direction of bottom 1l3a, the pressure compensation path
't:hrough passage 26 not managing to balance the difference
in pressures rapidly enough._ From a certain hydrostatic
value, the deformation of membrane 17 will be such that it



recess-13 until it appl i es against base 13a thereof. This

-6- . | atter thus constitutes a stop surface for nenbrane 17 if t he
differential pressure on either side of the nmenbrane exceeds a
pr edet er mi ned val ue. Menbrane 17 is preferably nmade of silicon and
can 5 have a thickness of approximately 360 Jerr]m its dianeter bei ng
25 mm for exanple. In a zone separate fromthe assenbly which has
j ust been described, back cover 8 and support disc 9 include a

t hrough passage 24 haV|ng a shoul der 25 against which is 10 arranged a
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a flat confi guFéFFSngFﬂoml éﬁ iptpswhege extermrhiwakhoa second groove

30 opens out.

The device also includes a membrane 17A whose outer
edge is accommodated in second groove 30 to be securely

15 fixed therein for example by bonding. Membrane 17A has
inherent resilience and is fixed into groove 30 so as to
be slightly taut. Consequently, it is held taut on rest
surface 12A formed on annular rib 28 which exceeds by a
certain distance the base of first groove 29. An acoustic

20 converter element 22A is fixed onto membrane 17A.

Behind membrane 172, on the inner side, there 'is
further provided a support grid 31 fdrming the bottom of a
deformation chamber 13A. This grid is provided with
passage orifices 32 and allows membrane 17 to be held in

25 the event of excessive pressure exerted thereon from the
exterior.

A passage 24A can be provided in the wall of case 2A
and be sealed by a pressure balancing membrane 26A, as in
the embodiment of Figure 1.

30 The arrangement of Figure 2 differs from that of
Figure 1 in that it does not include any special resilient
means for assuring application of the membrane against an
element of the case, the resilience necessary for this

purpose being due to the inherent resilience of the
35 membrane itself.



thus to transmit ta_mwz\évit\mut interference the 30 acoustic

vi brations generated by el enent Conversely, when the watch has
just been subrrerged wi |l be deforned because of an abrupt

variation in the dif ’m"”,mﬂ"ﬁnﬂ m e present on both of its sides. It
will then assune a cutveéd shape sn e 32 direction of bottom 13a, the

pressure conpensation path t hr ough passage 26 not managi ng to bal ance
the difference in pressures rapidly enough. Froma certain hydrostatic
val ue, the deformation of nmenbrane 17 will be such that it _

-7- i s ap@LRAME agai nst bottom 13a of recess 13, which will t hus
assure an efficient support preventing any deterioration of
menbrane 17 and transducer el enment 22. Figure 2 shows very
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second groove 30 opens Q device also 1n rane
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Consequently, it is held taut_on rest ) f rnmed o
28 which exceed® BRFRTaneceflti nldPdt aWeich helhasdlef tpr she grdrfieemed, An

acousti c 20leonsepdmtisigeirNtin? 2Awatett kg OfdtndeNiYo @nl Alet cavity
(10, 11; 27) which is arranged in said case (2; 2A) and in
direct communication with the exterior, in that said
membrane (17, 17A) is resiliently applied by its periphery
onto a rest surface (12, 12A) arranged around said cavity
15 separating the latter in a watertight manner from a
deformation chamber (13; 13A) arranged in said case (2, -
2A) on the side of the meinbrane (17; 17A) opposite to said
cavity (10, 11; 27) while being in communication with the
interior of said case, and in that the bottom (13, 13a)
20 forms a support surface for said membrane (17; 17A) when
an external static pressure greater than a predetermined
value is applied thereto. |
2. Device according to claim 1, characterised in
that it includes a resilient element (20, 21) resting on
25 the bottom (13a) of said deformation chamber (13) and
holding the periphery of said membrane (17) applied
against said rest surface (12).
3. Device according to claim 2, characterised in
that said resilient element is a ring (20) made of a
30 resilient material arranged above the periphery of the
membrane (17) and including several support lugs (21) bent
outside the plane thereof and resting on said periphery.
4. Device according to claim 1, characterised in
‘that said membrane (17A) is on said rest surface (12A) by

35 virtue of its own resilience by being mounted taut in said
case (23).



Behi nd, menbr ane 17A, on the inner side, there is further provided a
support grid 31 formng the bottomof a def ormati on chanber 13A. This

grid is provided ifices 32 and all ows nenbrane 17 to be
held in 25 the emm IH"'"Q@%E@@LW essure exerted thereon fromthe

exterior. A passa be prqvided in the wall of case 2A

and be seal ed by a pressure bal anci ng nentir ane 26A, as in t he enbodi nent
of Figure 1. 30 The arrangenent of Figure 2 differs fromthat of
Figure 1 in that it does not include any special resilient rmeans for
assuring applications ofnéﬂ%erreggé@f&l@alﬁast aﬁg of €l 81R{hs 0f1 t hgg Cape, the
resilience nece sar% f oy po e b ?,;o t he |nherenh
resilience of r1‘é'l |ttb§§l 17) %35\ qgperipheral |
Port abl e mater1mrd§8$tamtendemgchey@mmaﬁMe plﬁne therm&&gmuh@qgumeam$|on
to a predeternyged; hiien agli tosug? as %ngﬁi lgargfcuégg g

wat er reS|stant wat i nclu ng a case 3 ]2 I n whi IS mounted an
acoustic 55tr§ﬁ§8m%¥1?r22’3hag@ﬂf §83hs to comunicate in a water tight

manner with the extegi Wewlcet hacaaﬁdeu(g? tdA) aniyd @€OoUsLlatms ENetqy,s5,
char acter ! o0 Uabliloriseq in A SAE S AR Galts? (22N 1l
separating it if nlagedrin gmmmnnetmmmtdntm extenipryby meang (24, 27)
which is arranged pg; spdd cHa9 Edr BAladihd the slow variations in the
| 10 differential pressure on either side of said membrane (17;
17a). \

7. Device according to claim 6, characterised in
that said balancing means are formed by the membrane
itself.

15 8. Device according to claim 6, characterised in
that said pressure balancing means include a membrane (26;
26A) placed in a passage (24; 24A) arranged in the wall of
said case (2; 24), said passage being in communication on
the one hand with the exterior and on the other hand with

20 said deformation chamber (13; 13A), and in that said
membrane (26; 26A) is made of a material which only allows
a flow of air when there are slow variations in the
differential pressure of its two sides.

9. Device according to any of claim 8, characterised

25 in that said membrane (26; 26A) is made of sintered
Teflon® or ceramic material.

10. Device according to any. of the preceding claims,
characterised in that said acoustic transducer (22) is a
microphpne or a loud-speaker.

30 11. Device according to any of the preceding claims,
characterised in that said membrane (26; 26A) is made of
silicon.

12. Device according to any of the preceding claims,
characterised in that said membrane has a thickness of 300
© 35 um for a diameter of 25 mm.
' 13. Device according to any of the preceding claims,
characterised in that the bottom (31) of said deformation
chamber (13A) is a perforated grid.



di rect ,communi cation with the exterior, .|n that sai d menbrane (17, 17A)
i's reS|I|entIy applied by its perlphery ‘onto a rest surface (12, 12A)
arranged around said cavity 15 separating the latter in a watertight manner
froma def ormati on chanber (13; 13A) arranged in said case (2, 2A) on
the side of the nmenmbrane (17; 17A) opposite to said cavity (10, 11; 27)
whil e being in comunication with the interior of said case, and in that
the bottom (13, 13A) 20 forns a suppori fgrface for said nenbrane (17; 17A)
when an external static pressure greater than a predeterm ned val ue
is applied thereto. 2. Device according to claim1, characterised
in that it includes a resilient elenent (20, 21) resting on 25 the

bott om (13a) ABSTRACA def ormati on chanber (13) and hol di ng the peri phery
of said nenbrane (17) applied agai nst said rest surface (12).

3. Device according to claim 2, characterlsed in that said resilient
elenment is a ring (20) o g ‘ BDr anged above the

per i phery of the ' TemArgnentighrRachiinghtiitie: SRUNHRIPPOT L | ugs (21)
bent out side the plane thereof and resting on safrd errphery
4. Device according to claim1, characterised in that sai d nenbrane

(17A) is on said mask akbﬁrﬁ.ééelﬁéZGaeQYa?’éagért(Q? eh 'whicﬂ""%nr exdddange by
bei ng nount eg__ tauﬁ in_s

5. Device ac ] ak‘r‘&)of ig a‘f‘?t‘i‘“ti 4059 as &pyr SEF@PFléEBt?n ihata sai d
menbr ane ( 17)«7aha$'taghtar manaeal withr ithe 18xtexisndolig ey ordsd hq2pl as
gherggrdand onggﬁgg enegéyhhich it is .bonded to the lateral wall

5

According to the invention, the transducer (22) is
attached to a membrane (17) separating it in a watertight
manner from an inlet cavity (10, 11) which is arranged in
the case (2) and is in direct communication with the
exterior. The membrane (17) is resiliently applied by its
10 periphery onto a rest surface (12) arranged around the

cavity separating the latter in a watertight manner from a
deformation chamber (13) situated on the side of the
membrane (17) opposite to the inlet cavity while being in
communication with the interior of the case. The bottom
15 (13a) of the deformation chamber (13) forms a suppért
surface for said membrane (17) when external static

pressure greater than a predetemined value is applied
thereto.

20 Figure 1



5 de_for:mation chanmber (13). . ~+ 6. Device according to any of clains 1

to 5, characterised in that said deformation chanber (13; 13A) S

pl aced in comrunication with the exterior by nmeans (24, 25, 26; 24A,
26A) for balancing the slow variations in the 10 differential pressure on
ei ther side of said nmenbrane (17; 17A) . 7. Device according to
claim6, characterised in t hat sai d Bal finci ng nmeans are formed by the
menbr ane itself. 15 8. Device according to claim 6,
characterised in that said pressure bal anci ng neans include a nmenbrane
(26; 26A) placed in a passage (24; 24A) arranged in the wall of sai d
case (2; 2A), said passage being in conmuni cat i8S the one hand with

¥y Qa clagnber (13;
at eri al which
Qus_iA the

the exterior and on the other hand with 20 ‘\\
13A), and in that said menbrane_(26; 26A) :\i\.;s\;“m
only allows a flow of ai N@hen THerw are sLoN fa
differential pressure of ity wo sides. \\‘§§ ;‘\} 3

RRSokdi ng to any
of claim8, characterised 2 n that said AB ’t\&i\\\\\%‘ of
'\\\.\:\ WNNNg to any

Q)

B G\
KOS _RL:\\
sintered Teflon or ceranhN\y materi al . \5?;_%'-"\ SPRIAE
of the preceding clains, har act er i "\ WY B \ ansducer
(22) is a m crophone & I oud-speak \g\ ‘ L\‘ !\»///;7%\%\% ng to
any of the preceding c|\ char act @N 0 IRy t Q\\\\\;\x\&{///)//;\\\* L)
26A) is made of siN 12/ @digrce accor di ng %~\§ t he
precedi ng cl ai ng. y erised in §; ai d nmenbrane ckness
of 300 35 pm forNG f 25 gm q 13. Device ' \\ J to |ny
of the precedi ng cl alRy¥ Char act erysep i t hat the bott s d
def or mat i on chami\y i's agperforpted grid. a—
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