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TRANSDUCER The present invention relates to a device capablﬁ e p
bei ng subnerged in liquid such as water, |ike for exanple a device W§{é6£ﬁ?x
on the wrist such as watches. Mre particularly, the invention concerns

a device of this type 5 in which an acoustic transducer is nmounted in the
case. In order to guarantee water resistance of watches worn on
the wist to a depth of imersion which may nom nally reach thirty_ odd
meters, nounting an acoustic transdugder in the watch case without any
comuni cation 10 path being prOV|ded between the transducer and the
exterior capable of directl ¥SeveRgep &l ready known
fromthe prior art. Such a Tvant age. of guar ant eei ng
very good wat er tightnesséal HAIG AN ACOUR R IRANSDHSER! he acousti c
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worn on the wr:.st to a depth of immersion which may

nominally 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 capable of directly leading the sound waves is
already known from the prior art. Such an assembly has the
advantage of guaranteeing very good water tightness for
the watch. However, since the acoustic energy has to reach

15 the transducer or originate therefrom through the solid
wall of the case, this solution is only possible if one is
satisfied with mediocre acoustic quality. The band of
frequencies which can be used is thus limited to the
freqﬁenciés which succeed in passing through said wall. In

20 ptactice, one has to work with the transducér 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 the range of frequencies able to be

25 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
transmission of sounds transmitted or received by the
transducer.

30 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



reception of conplex sounds such as speech or nusic. It will also be
not ed- t hat such a wall inconvenjently absorbs transm ssi on of sounds
transmtted or received by the transducer. 30 An ai mof the
invention is to provide a device of the type indicated herei nbefore
fitted wth an acoustic transducer nmounted so as to be able to operate
over a broad acoustic spectrum in palzticul ar the acoustic

2 spectrum correspondi ng to speech, while assuring a high degree of
wat er resistance. The invention thus concerns a portable
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predeterm ned gdgptb of r},,a&r egtkgansdiCh as water, - particular a
wat er resi stant vvat%: includipg a case in which is ted an
acoustic transducel®€soin¥enty BB U FPBEFERS| n 3y v%ﬂretrabg'leghtw"f‘r"a%er,
with the exteriresistant ahelcaseapahlacmfstundefwggg stbmersgn sed ia that
10 al arh}g:;{. er u n case cing. a
menbr ane V\hlgchglrgaggée toci) glrma go &E§§ ia é&éﬁi 19% aw% igr t%ht
manner from anPREF&EULAY By WRKkEE re§:.sta5 r&’ﬁ&ébfl ﬁ@&P@l’éﬁsé &S nimi rect
communi cati on whiBht hgs meKheedoran aadométwattr&ﬁdw téaﬁ r‘a?émre@e

and said 15 aCOJSt“i“C t ansducer gn 'Q rredi at e charr?1 th ran
al | owi ng def or IR ‘?Sal:'d'1 feifBrahe JU@“[ e o1& ee?f‘ Fhi s‘?gt ic
pressure and d@hemcaéel vir tdwousitde eherdye, chanamteddsed by thatupport

el ement fixgdly mount edsdiy tél%ustleaéﬁaﬁ%éé’ﬁabé CnQintdd id NgaidCcase

def ormati on of the 20 nmenhrane i ﬁe event of a]gé)l ication of said external
facing a rane which is able to deformed, separating

it in a water' tight manner from an inlet cavity which is

arranged in said case and in direct commmication with the
exterior, and in ‘that between the membrane and said

15 acoustic transducer an intermediate chamber is arranged,
allowing deformation of said membrane by the action of
external static pressure and delimited on the side of the
transducer by a support element fixedly mounted in the
case and capable of  limiting the deformation of the

20 membrane in the event of applicatioh of said external
static pressure.

As a result of these features, when the device is not
in liquid, the membrane is mounted so as to be able to
vibrate freely by the action of the acoustic energy to be

25 received and/or transmitted. Conversely, when the device
'~ is submerged, the membrane can be deformed by the action
of the hydrostatic pressure, without, of course, being
able to transmit the a.coustic energy, but is protected
from any deterioration because of the support assured by

30 the support element.

Other features and advantages of the invention will
appear during the following description, given solely by
way of example and made with reference to the annexed
drawing, in which :

35 - the single Figure shows a partial cross-section
.0f a timepiece made according to the invention and fitted
by way of example with a microphonic transducer.



static pressure. As a result of these features, when the device is
not = Inliquid, the nenprane is nounted so as to be able to vi brate
freely by the action of the acoustic energy to be 25 recei ved and/ or
transmtted. Conversely, when the device i s subnerged, the nmenbrane can
be defornmed by the action of the hydrostatic pressure, w thout, of
course, being able to transmt the ac®ustic energy, but is protected
fromany deterioration because of the support assured by 30 the support
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10 advantageously used with thé invention.

This being so, the sole Figure 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 value often given in practice.

15 Watch 1 in the sole Figure 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 not visible in the drawing, such as the integrated
circuit, the quartz, the miniature motor, the gear train

20 etc. are conventional and thus do not need to be described
here. Although this is not a limitative application of the
invention, the device according to the invention fitted
with the microphonic transducer could advantageously be a
watch forming a portable telephone.

25 In the case shown, the device or watch 1 according to
the invention, is mounted on a plate 8, the latter resting
on a back cover 9 of case 2. Plate 8 has an opening 10, of

* circular shapé, wherein a microphone 11 is mounted. This
latter may be of any suitable type, an electret microphone

30 being preferred because of its small dimensions. By way of
indication, a microphone of this type may have a diameter
of approximately 6 mm and a height of approximately 2 mm.

In the example shown, the microphone itself is set in
a housing 12 whose bottom 12a is pierced with holes 13 and

35 acts as support element. However, it is also possible for
‘microphone 12 to be a simple cylindrical body resting on a
plate having through holes.



This being so, the sole Figure shows, a cross-section of a wistwatch 1

whose wat er resistance is guaranteed to a predeterm ned depth of water,
a depth of 30 neters being a value often given in practice. 15

Watch 1 in the sole Figure includes a case 2, a crystal 3, hands 4 and
5, a dial 6 and certain parts of a | mp- setting nechanism7. Al these
el enments, as well as t hose not VISIb| I n the drawi ng, such as the

i nt egrated circuit, the quartz, the miniature nmotor, the gear train 20
etc. are conventional and thus do not need to be described her e.
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4 while transm:.Ft:Lng the acoustic vibrations coming from

outside the latter. Mounting ring 16 delimits the wvolume
of intermediate chamber 19. Mounting ring 17 also axially
abuts a shoulder 20 surrounding inlet cavity 14. According
15 to an alternative embodiment, membrane 18 may be directly
glued or fixed in another manner to ring 16 and ring 17
ﬁmay be omitted.
In the example illustrated, first mounting ring 16
has a radial groove 21 arranged in its thickness. Back
20 cover 9 has a groove 22 which follows groove 21 and which
opens out into a pressure balancing membrane 23. This
latter may be mounted against a radial shoulder 24
provided on the inner side of a hole 25 made in plate 8
onto the outer side of which groove 21 opens out. Chamber
25 19 is thus in communication with membrane 23.
This membrane 23 is sealed against liquids such as
water, but it is permeable to gases such as air provided
that the gas pressure varies slowly. Any abrupt variation

in the gas pressure is thus blocked by this membrane. The
30 latter may be made for example of sintered Teflon® or

ceramics.

In the example described, case 2 of watch 1 also
includes a device 26 placing the internal space thereof in
communication with the exterior. In practice this

35 comprises a passage 27 arranged in plate 8 and back cover
'9 and sealed by a balancing membrane 28 which, like
membrane 23, is sealed against liquids such as water, but



Qpening 10 nmade in plate 8 is provided above an inl et cavity 14, of
general Iy circul ar shape and openi ng.out via a channel 15 at right
angles to the exterior. At the periphery of the external face of
bottom 12a 5 of housing 12 a first mounting ring 16 is glued, which,

with a second nounting ring 17, is arranggd for holding a circul ar
menbrane 18 gripped or fixed in another manner bet ween the two rings.
Thi s menbrane 18 thus separates in a water tight manner inlet cavity 14
froman internmediate 10 chanber 19 comrunicating via holes 13 with
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menbrane 23, is seal ed agal nst such as wat er,
towards the exterior along its external wall

The device for placing intermediate chamber 19 in
communication with the exterior solely for slow variations
in the static pressure of the surrounding gases thus

20 arranged, allows membrane 18 to be kept operational, even
if the watch is brought by the wearer to different
altitudes or is worn in climatic conditions inducing such
slow variations.

It may be noted that in a certain way, membranes 23

25 and 28 constitute low-pass filters only allowing pressure
variations of gases such as air, of very low frequency,
typically of 1/10 Hz and less, to pass.

It is to be noted that in the present embodiment
example, chamber 19 is first of all in communication with

30 the interior of case 2 and can only communicate with the
exterior (still solely for slight wvariations in the static
gas pressure) through communication device 26. This
arrangement is preferred here since the watch described
may include other elements also requiring slow pressure

35 compensation. It may concern for example an acoustic
reproduction transducer. Communication device 26 may then
be used for both transducers at the same time, which
reduces to a minimum the places in the case where



5 perneabl e to gases whose pressure varies slowy. It may be made
of the sane material as nenbrane 23. Several alternatives can be
envi saged for placing chanber 19 in conmunication with the exterior only
for 5 very slight variations in gas pressure. Thus: - groove 22
may be omtted, and the gas diffused by an escape path between the front
surface of ring 16 and the surface oféthe bottom 12a. - There
may be only one comunication with the 10 exterior through a nenbrane
such as nenbrane 28 nounted as shown in the figure, groove 22

conmuni catin t h, t he, i de, of the watch. , - Hous 12 can be
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range ranging ,from 200 Hz to 5 kHz.

The behaviour of membrane 18 is a follows.
When the watch is worn outside water, membrane 18 has
a flat configuration in which it is distant from the grid
15 formed by bottom 12a of housing 12. It can thus transmit
without interference the acoustic vibrations coming from
the .exterior to chamber 19 and hence to microphone 11
through holes 14 made in bottom 12a.
Conversely, when the watch has just been submerged,
20 membrane 18 will be deformed because of an abrupt
variation in the.differential pressure, to assume a curved
shape in the direction of bottom 12a, the pressure
compensation path described hereinbefore not managing to
balance the difference in pressures rapidly enough. From a
25 certain hydrostatic value, the deformation of the membrane
will be such that it is applied against bottom 12a of
housing 12, this latter forming an efficient support

preventing any deterioration, and in particular
irreversible deformation, of membrane 18.

30 It will be noted that in the event that the
transducer is a loud-speaker, the features of the

membrane, in particular the thickness, the diameter and

the material of which it is formed, will be adapted
accordingly.



exterior (stil variations in the static gas

pressuré) throu I on device 26. This arrangenent is
preferred here wmg escri bed may include other el enents
al so requiring corrpensation. It may concern for
exanple an acoustic reproduction transducer. Communi cation device 26
may t hen be used for both transducers at the sanme tine, which

reduces to a mninum the places in the case where

6 comuni cation with the exterior exists for gases such as air.
Menbrane 18 is ngderd a non-elastic material and it I's not taut between
nmounting rings 16 and 17 in order to 5 guarantee as nuch freedom of
vibration as possible. A particularly suitable material for menbrane 18
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case (2) facing a membrane (18) which is able to be
10 deformed, separating it in a water tight manner from an
inlet cavityi (14, 15) which is arranged in said case (2)
and in direct communication with the exterior, and in that
between the membrane (18) and said acoustic transducer
(11) an intermediate chamber (19) is arranged, allowing
15 deformation of said membrane by the action of external
static pressure and delimited on the side of the
transducer by a support element (12a) fixedly mounted in
the case and capable of limiting the deformation of the
membrane in the event of application of said extermal
20 static pressure.

2. Device according to claim 1, characterised in
that said support element is a plate (1l2a) pierced with
holes (13) to allow the passage of the acoustic energy
transmitted from said inlet chamber (14, 15) wvia said

25 membrane (18) or transmitted in the opposite direction.

3. Device according to claim 2, characterised in
that said plate constitutes the bottom (12a) of a housing
{(12) in which said acoustic transducer (1ll) is arranged.

4. Device according to any of claims 1 to 3,

30 characterised in that said membrane (18) is held between
two mounting rings (16, 17) fixed onto said support
element (12a), the ring (16) situated on the side of said
transducer (1ll) determining internally the wvolume of said
intermediate chamber (19).

35 5. Device according to c¢laim 4, characterised in
that said intermediate chamber (19) is placed in



20 nenbrane 18 will|l be deforned because of an abrupt variation in the

differential pressure, to assune a curved shape in the direction of
bottom 12a, trl npensati on path descri bed herei nbefore not
managi ng to Imn”mamﬁml"wf erence in pressures rapidly enough. Froma
25 certain hydtrostatti c*vafuet the deformation of the nenbrane wll be
such that it is applied against bottom 1a of housing 12, this latter
form ng an efficient support preventing any deterioration, and in
particul ar i rreversi bl e deformation, of nenbrane 18. 30 It will

be noted that in the event that the transducer is a
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. Device accor ing to c¢laim characterised in

that said means allowing a flow of gas are formed by an

10 escape path commnecting said intermediate chamber (19) to
the exterior. ,

8. Device according to claim 6, characterised in
that said intermediate chamber (19) communicates with the
interior of said case (2) through a first of said pressure

15 balancing membranes (23) and in that the internal wvolume
of said case (2) communicates with the exterior through a
second of said pressure balancing membranes (28).

9. Device according to any of claims 1 to 8,
characterised in that said membrane (18) is made of

20 Mylar®. _

10. Device according to any of claims 1 to 8,
characterised in that said membrane (18) has a thickness .
selected between 2 and 50 um, and preferably a thickness
of 10 um '

25 11. Device according to any of claims 6 and 8 to 10,
characterised in that said pressure balancing membrane is
made of sintered Teflon® or ceramics.

12. Device according to any of the preceding claims,
characterised in that said acoustic transducer is a

30 microphone (11l) or a loud-speaker.



10 deforned, separating it in a water tight manner from an inlet cavity

(14, 15)"which is arranged in said case (2)  and in direct comunication
with the exterior, and in that "bet ween t he nmenbrane (18) and said
acoustic transducer (11) an intermedi ate chanber (19) is arranged,

all owi ng 15 deformati on of said nenbrane by the action of external

static pressure and- delimted on th2 side of the transducer by a
~support elenent (12a) fixedly nmounted in t he case and capabl e of
limting the deformation of the menbrane in the event of application of
said external 20 static pressure. 2. Device according to claim1,
char act eri se@BERRACTt hat said support element is a plate (12a) pierced with
holes (13) to allow the passage of the acoustic energy transmtted from

said inlet chanber .
opposite direction. -2, characterised
in that said plate AND DT AN [ 2y ANSDUGER (12)
in which said acoustic transducer (11) is arranged 4. Device
according to any of clains 1 to 3, 30 characterised in that said nenbrane -
(18) is held bet wsbhs devige mhmde@ 2i agse (123) irx)whialedaontawosmtd.c
suppor t BLaRRBLcbd2fl1) L ddbftddl G 3is! B! nRiiniBaLS! 98 o Wil
(11) sal

t ransducer eternlnlng Internally the, vol unme of |nterned|ate
chanber (19) tight mamner [EkhethecoPEFRELIOF 0 @F aitthe 4,casthar@dt efiiged in

that said gabaskedi eaheérgghanber (19) is placed in
8

transmtted in the

5 According to the invention, the transducer (11) is
mounted in front of a membrane (18) able to be deformed
separating it in a water tight mammer from an inlet cavity
(14, 15) which is arranged in the case (2) of the device
and is in communication with the exterior.

10 Between the membrane (18) and the transducer (11) an
intermediate chamber (19) is arranged allowing deformation
ef said membrane by the action of external static pressure
and delimited on the side of the transducer by a support
element (12a) fixedly mounted in the case and capable of

15 1limiting the deformation of the membrane in the event of
application of said external pressure.

Sole Figure 1



communi cation with the exterior through nmeans (23) only allowing a flow

of gas i'n the presence of sl ow yvarjations in the differential pressure
bet ween said i nternedi ate chanber (19) and the exterior. 5 6.
Device according to claim 5, characterised in that said neans
allowing a flow of gas are fornmed by at | east one pressure bal ancing
menbr ane (23). 7. Device according to claimb5, characterised in
that said neans allowi ng a fl ow of gas grp formed by an 10 escape path
connecting said intermedi ate chanber (19) ?o the exterior. 8.
Devi ce according to claim®6, characterised in that said internediate
chanber (19) comunicates with the I nterior of said case (2) through a
first of said pressure 15 bal anci ng nmenbranes (23) and in that the internal
vol une of said case (2) comrunicates with the exterior through a
second of said pressure bal ancing ne s (28). 9. Device
according to any of «clains aracterised in that said
menbrane (18) is nmade of 20 Myl vice according to any
of claine 1 to 8, char actt ai &N nmenbrane (18) has a
t hi ckness sel ected between 2 nd \pr ef €éabl y™a t hi ckness
of 10 [err]m25 11. Device cl ai 6 4dnd 8 to 10,
characterised in thathrsat r ' made of
sintered Teflon or ceram cs. any of the
precedi ng cl ai ng., char ' A th ' ' ucer is a
30 mi crophone (11T‘Br‘e I /
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