
1 ELECTRIC SWITCH DEVICE ON A PRINTED CIRCUIT AND WATCH COMPRISING SUCH A
DEVICE The present invention concerns an electric switch device on a
printed circuit comprising an insulating substrate which extends
substantially in a plane in the area of the switch and which carries at
least one conductive pad of the printed circuit, the device further
comprising  a contact  element  fixed  to  a point  of attachment which is
fixed with respect to the substrate, said contact element being able to be
deformed elastically between a rest position in which it does not contact
the conductive pad and a closing position in which a contact portion of
said contact element is in contact with said pad, and a control element
which is able to move in a direction of pressure substantially parallel to
the plane of the substrate and distant from said plane to push said contact
element in said direction in order to place said contact element in its
closing position. The invention also concerns a watch comprising a case and
such a device in the case. In most switches mounted on a printed circuit
and closing via manual pressure on a control button, such pressure acts
perpendicularly to the plane of the printed circuit, because this is the
simplest construction. There are, however, cases where the control element
must be placed laterally and must act parallel to the plane of the circuit.
A typical case is that of watches, for example chronograph watches or
multifunctional watches, wherein the printed circuit is generally parallel
to the back 



cover and the upper face of the watch case, whereas it is preferred to
arrange the control push-buttons on the sides of the case, rather than on
the upper face where they would be exposed to inadvertent actuations via
contact with foreign bodies. The conventional solution thus consists of
using, facing each push-button, a switch arranged outside the printed
circuit and closing in the    2 direction of action of the push-button,
thus parallel to the plane of the printed circuit. There results a space
requirement which is inconvenient in an object of small size such as a
watch case. Patent publications US-A-4 062 181, US-A-4 122 664 and
EP-A-0703 512 disclose devices of this type. A table alarm-clock fitted
with a type of switch having a flexible contact strip mounted directly on a
flat substrate and actuated by a control button which slides into a slit
parallel to the plane of the substrate is known from Patent US-A-4 423 966.
The strip has a wide open inverted V shape, to provide a ramp with a slight
slope acting as a cam against which the control button abuts while sliding
to lower the strip by bending it until the free end of the strip contacts a
contact pad on the substrate. This construction is not suitable for a
watch, because one can hardly guarantee water tightness in the region of
the slit and also because such a switch is too inaccurate to control
chronographic functions. Further- 



more, the friction of the button on the cam surface is inconvenient for the
operator and causes wear. US Patent No 4 144 428 discloses a switch of the
type defined in the preamble hereinbefore, i.e. converting the control
movement parallel to the plane of the substrate into a closing movement of
the electric contact by deforming the contact element to bring it closer to
the substrate carrying the conductive pad onto which it must be applied. An
inverted rectangular U-shaped metal frame is fixed onto a printed circuit
board which is assumed to be horizontal and supports a horizontal
push-button stem which may slide through the frame. The contact element is
a flexible strip having a fixed supporting point which abuts against an
inner angle of the frame, and a mobile supporting point formed by a collar
of the stem. When the stem is pushed, the strip bends downwards and
contacts a conductive pad on the printed circuit. This construction is
relatively heavy and requires space on the printed    3 circuit and further
poses problems of lubrication and wear which may affect its operation. An
object of the present invention is to avoid the drawbacks of the prior art,
by providing a switch device on a printed circuit having a very simple and
inexpensive construction, which operates reliably and requires little
space, allowing it, in particular, to be used in a object of small size
such as a wristwatch. 



A first aspect of the invention therefore concerns an electric switch
device of the type indicated hereinbefore, characterised in that the point
of attachment is situated close to the plane of the substrate and in that
the contact element is flexible between the point of attachment and a point
of application of said pressure, so that it bends under said pressure and
that the contact portion follows a trajectory approximately perpendicular
to the plane of the substrate when it comes into contact with the
conductive pad. Thus, assuming for example that the substrate is
horizontal, when the control element is actuated to close the switch, the
contact element bends mainly in the vicinity of its point of attachment
situated close to the substrate plane and preferably in the plane itself,
so that the remainder of the contact element effects a substantially
pivoting movement about this main bending zone. Since the contact portion
of the contact element is also close to the substrate plane, its trajectory
then descends, and is thus approximately perpendicular to such plane.
Conversely, the point of pressure application is distant from this plane
and thus follows a trajectory having a horizontal component. Such
trajectory may be completely horizontal if the point of pressure
application is situated vertical to the main bending zone. The contact
element preferably comprises a prominent portion situated at a distance
from said plane, a first leg joined to the prominent portion and comprising
the contact portion, and a second flexible leg joined to the prominent
portion and fixed to the point of attachment, 



4 the point of pressure application being situated on the prominent portion
or close to the latter. In a device according to the invention, the point
of attachment of the contact element may either be situated on the
substrate, so that the element is attached to the printed circuit, or onto
another element which is fixed with respect to the substrate, so that the
printed circuit requires less space, in particular for stocking purposes.
If the point of attachment is on the substrate, the printed circuit may
comprise a second conductive pad which is electrically connected to the
contact element at the point of attachment. Moreover, the prominent portion
of the contact element, comprising the pressure application point, may
extend beyond an edge of the substrate towards the control element, in
particular if one does not wish such element to extend above the printed
circuit. A second aspect of the invention concerns a watch comprising a
case and a device according to the first aspect of the invention, the watch
being characterised in that the plane of the substrate is substantially
parallel to a back cover of the case and in that the control element
comprises a manual push-button arranged in a middle part of the case and
having, facing the contact element, a bearing surface perpendicular to the
direction of pressure. This means that an electric contact is provided
which 



closes directly on the printed circuit, perpendicular to the latter,
through the action of a push-button arranged laterally in the watch case
and which is able, in particular, to be of a conventional construction. In
a particularly simple embodiment, the push-button may be formed by an
element able to be deformed made of elastomeric material. According to the
particular case, the push-button bearing surface may be arranged to abut
directly against the contact element, or a transmission element, in
particular in the shape of a ball, may be inserted between the push-button
bearing surface and the contact element,    5 said transmission element
being guided into the case to be able to move in the direction of pressure.
Other features and advantages of the invention will appear in the following
description of different embodiment examples, with reference to the
attached drawings, in which : - Figure 1 is a partial cross-section of a
watch comprising a preferred embodiment of an electric switch device
according to the invention; - Figure 2 is an enlarged lateral elevation
view of the contact element of the switch shown in Figure 1; - Figure 3 is
an enlarged plane view of the switch shown in Figure 1; - Figure 4 is a
similar view to Figure 1 showing 



another embodiment; - Figure 5 is a plane view of the contact element
illustrated in Figure 4; and - Figure 6 shows an alternative of the device
illustrated in Figure 4. The watch partially shown in Figure 1 comprises a
case 1 including a back cover 2, a middle part 3 fitted with one or more
lateral push-buttons 4, a bezel 5 and a crystal 6 covering digital or
analogue display means, for example hands which are not shown and a dial 7.
Between back cover 2 and dial 7 there is a central compartment 8 which
contains a clockwork movement which is not shown. In the present example,
back cover 2 and middle part 3 are formed by a single piece made of a
synthetic material, onto which bezel 5, also made of a synthetic material,
is welded. Crystal 6 is welded or bonded onto bezel 5 and holds dial 7.
Push-button 4 shown is a part made of elastomeric material able to be
deformed, housed in a lateral orifice of middle part 3 and preferably made
by duplicate moulding. Push-button 4 comprises a central axis 9 parallel to
back cover 2 of the case, a head 10 protruding outside the case, and a
bearing surface 11 arranged on a protruding portion 12 of the push-button
within the case facing compartment 8. This surface 11 is    6 preferably
flat and perpendicular to back cover 2 when the push-button is in its rest
position. In a perpendicular 



plane to that of Figure 1, push-button 4 may have for example a circular or
oblong shape. However, it should be noted that other types of push- buttons
or control elements may be used within the framework of the present
invention, as will be described hereinafter, provided that the actuation of
such a control element causes a movement of bearing surface 11 in a
direction of pressure A parallel to axis 9 of the push- button. Compartment
8 contains a printed circuit 13 fitted with an electric switch 14. Printed
circuit 13, which may be of a conventional type, comprises an insulating
substrate 15 formed by a relatively rigid board which extends in a plane 16
substantially parallel to back cover 2 of case 1. In the example shown,
substrate 15 is directly fixed to back cover 2, but it could be fixed to
any other fixed element of the case. On the upper face of the substrate,
printed circuit 13 comprises conductive tracks 17, 18 connected to
respective conductive pads 19, 20 (Figure 3) which form part of switch 14
with a metal contact element 22 fixed to printed circuit 13 by means of two
rivets forming two points of attachment 23 of contact element 22. Figures 2
and 3 show in more detail the shape of contact element 22 which has been
cut from a metal sheet and bent. This contact element comprises a prominent
portion 25 elevated with respect to substrate 15, thus situated at a
distance from plane 16 of the substrate and extending facing bearing
surface 11 of push-button 4 (Figure 1). In the middle of prominent portion
25 is joined an end of a first flexible leg 26, whose other end, 



bent slightly upwards, forms a contact portion 27 situated above conductive
pad 20 of printed circuit 13. On either side of first leg 26, each end of
prominent portion 25 is connected to a second respective flexible leg 28
whose other end 29 forms a foot which is fixed to printed circuit 13 by the
corresponding rivet. Figure 3 shows that    7 one of feet 29 is applied
onto conductive pad 19, the latter being connected for example to the
ground terminal of the printed circuit by conductive track 17. When head 10
of push-button 4 is pressed manually, its bearing surface 11 moves in the
direction of arrow A, to the closing position shown in dotted lines in
Figure 1, and pushes prominent portion 25 of contact element 22 in the same
direction. This pressure causes second legs 28 of contact element 22 to
bend where the bending moment is greatest, i.e. in a main bending zone 30
(Figure 2) situated close to the corresponding point of attachment 23. The
effect of such bending is to lower contact portion 27 until it comes into
contact with conductive pad 20, thus closing switch 14 to establish an
electric connection between tracks 17 and 18 of the printed circuit. In
this position, the flexibility of first leg 26 avoids the necessity of a
stop device in push-button 4. When the pressure on push-button 4 is
released, the latter and contact element 22 resume, via elasticity, their
rest position shown in continuous lines, so that 



switch 14 is reopened. An advantage of the configuration of contact element
22 which has just been described is that its prominent portion 25 may be
situated, in plane view, beyond an edge 31 of printed circuit 13, so that
such edge does not need to be close to push-button 4. This may also allow a
reduction in the length of the push-button. In the embodiment illustrated
by Figures 4 and 5, watch case 1 comprises a push-button 34, made of
elastomeric material, having a central body 35 able to be deformed in a
circular or oval bell shape, fixed by duplicate moulding in middle part 3
of watch case 1. Push button 34 has a protruding external head 36 and an
internal stem 37 whose end forms a bearing surface 38 perpendicular to axis
39 of the push-button, and thus to the direction of pressure A and to the
plane of printed circuit 13. A ball 40 made of an insulating plastic
material is inserted between this surface 38 and contact    8 element 42 of
switch 14, this ball being guided in a conduit of case 1 so as to slide in
direction A when it is pushed by push-button 34 and in the opposite
direction when it is pushed back by contact element 42. Contact element 42
has a different shape to contact element 22 described hereinbefore, but it
operates in a similar manner. It essentially comprises a metal strip bent
in a general inverted U shape, to form a curved 



prominent portion 43 between a first leg 44, whose free bent end forms
contact portion 45, and a second flexible leg 46 having at its end an
enlarged foot 47 which is fixed to printed circuit 13 by two rivets forming
its points of attachment 48. When push-button 34 is pressed, ball 40 is
pressed against prominent portion 43 or the top of second leg 46 of contact
element 42, to bend the bottom of such leg to the closing position shown in
a dotted line in Figure 4. Contact portion 45 is thus lowered vertically to
abut against the corresponding contact pad of the printed circuit. The
presence of ball  40 has the advantage of allowing, if necessary, a certain
distance between push- button 34 and switch 14. It also allows electric
insulation between the switch and the push-button, in particular if the
latter is made of metal. However, it may also be envisaged that contact
element 42 described hereinbefore be controlled by a push- button which
abuts against it directly. In the alternative illustrated in Figure 6, the
only difference with respect to the device of Figures 4 and 5 is that
contact element 42 is not fixed onto printed circuit 13, but onto another
fixed piece 50, for example a metal piece electrically connected to a
ground terminal. If back cover 2 of the case is made of metal, contact
element 42 may even be fixed directly to such back cover. The advantage of
this alternative is that printed circuit 13 thus has a reduced space
requirement in height and length, allowing it to be stored and manipulated
more easily. This alternative may also be advantageous in cases 



9 where the substrate of the printed circuit is flexible and/or curved, or
generally of a type which prevents the contact element from being easily
fixed thereto. Although the invention is described in its application to a
watch, it is understood that its field of application extends to all other
types of uses of a switch on a printed circuit, with various control
elements such as keys, push-buttons, levers and suchlike, to the extent
that such element acts in a substantially parallel direction to the printed
circuit.    10 1. Electric switch device on a printed circuit (13)
comprising an insulating substrate (15) which extends substantially in a
plane (16) in the area of the switch (14) and which carries at least one
conductive pad (20) of the printed circuit, the switch device further
comprising a contact element (22, 42) fixed to a point of attachment (23,
48) which is fixed with respect to the substrate, said contact element
being able to be deformed elastically between a rest position in which it
does not contact the conductive pad and a closing position in which a
contact portion (27, 45) of said contact element is in contact with said
pad, and a control element (4, 34) which is able 



to move in a direction of pressure (A) substantially parallel to the plane
of the substrate and distant from said plane to push said contact element
in said direction in order to place said contact element in its closing
position, characterised in that the point of attachment (23, 48) is
situated close to the plane (16) of the substrate (15) and in that the
contact element (22, 42) is flexible between the point of attachment and a
point of application of said pressure, so that it bends under said pressure
and that the contact portion (27, 45) follows a trajectory approximately
perpendicular to the plane of the substrate when it comes into contact with
the conductive pad. 2. Device according to claim 1, characterised in that
the contact element comprises a prominent portion (25, 43) situated at a
distance from said plane (16), a first leg (26, 44) joined to the prominent
portion and comprising the contact portion, and a second flexible leg (28,
46) joined to the prominent portion and fixed to the point of attachment,
the point of pressure application being situated on the prominent portion
or close to the latter.    3. Device according to claim 1 or 2,
characterised in that the point of attachment (23, 48) is situated on the
substrate. 4. Device according to claim 3, characterised in that the
printed circuit comprises a second conductive pad 



(19) which is electrically connected to the contact element (22, 42) at the
point of attachment. 5. Device according to claims 2 and 3, characterised
in that the prominent portion (25) of the contact element (22) extends
beyond an edge (31) of the substrate (15) towards the control element. 6.
Device according to claim 2, characterised in that the contact element (22,
42) is a part cut from a metal sheet and bent. 7. Device according to claim
6, characterised in that the prominent portion (25) has an elongated shape
substantially perpendicular to the pressure direction (A) and in that the
contact element comprises two second legs (28), joined to respective ends
of the prominent portion and fixed to respective points of attachment (23),
and a single first leg (26) joined to the prominent portion between the two
legs. 8. Device according to claim 6, characterised in that the contact
element (42) is a strip bent in a general U shape, the curved part of the U
forming said prominent portion (43). 9. Watch comprising a case (1) and a
switch device according to any of the preceding claims, characterised in
that the plane (16) of the substrate (15) is substantially parallel to a
back cover (2) of the case and in that the control element comprises a
manual push-button (4, 34) arranged in a middle part (3) of the case and
having, facing the contact element, a bearing surface (11, 38)
perpendicular to the direction of pressure (A). 10. Watch according to
claim 9, characterised in that 



the push-button (4, 34) is formed by an element capable of being deformed
and made of an elastomeric material.    12 11. Watch according to claim 9
or 10, characterised in that the bearing surface (11) of the push-button is
arranged to abut directly against the contact element. 12. Watch according
to claim 9 or 10, characterised in that a transmission element, in
particular in the shape of a ball (40), is inserted between the bearing
surface (38) of the push-button and the contact element (42), said element
being guided in the case to be able to move in the direction of pressure
(A).    


