
1 TRANSPARENT AND SCRATCHPROOF WATCH CRYSTAL AND WATCH CASE FITTED WITH
SUCH A CRYSTAL The present invention concerns a scratchproof and
transparent watch crystal, and in particular a watch crystal having a low
cost price independently of the complexity of its shape, for example flat
or spherical, 5 while having a very high hardness, of the order of 10,000
Vickers. The present invention also concerns a watch case fitted with such
a crystal. Watch crystals for the protection of dials and hands 10 or
suchlike are most often made either of a synthetic material or a mineral
glass because of their relatively low cost price. The respective hardness
of these categories of materials of course determines the scratch
resistance of the crystals. In order to clarify, a watch 15 crystal made of
synthetic materials such as Plexiglas has a Vickers hardness of
approximately 100 and natural or mineral glass has a Vickers hardness of
approximately 900. Experience has shown that crystals made in these two
categories of materials have poor resistance to scratches 20 by certain
very hard agents such as the silica contained in dust, marble or even the
sand constantly present in our environment, even if mineral glass resists
such attacks better than synthetic materials. There therefore results a 



relatively rapid alteration in the aesthetic appearance of 25 these types
of watch crystals or back covers by scratches. In order to avoid these
drawbacks, synthetic sapphire or corundum have been used for manufacturing
watch crystals. These crystals are disclosed for example respectively in
Swiss Patent No 632 891 and in French 30 Patent No 1 238 069. These
crystals resist attacks from external agents very well but have however the
major drawback of being long, complex and laborious to manufacture and
having a very high cost price, which considerably limit their use on a very
large scale. By way    2 of illustration, the electric energy requirements
alone represent 80% of the manufacturing cost of the sapphire "pears"
(cylindrical rods) from which are cut the plates which, after numerous
subsequent machining operations, 5 will form these watch crystals.
Moreover, an average sized factory for manufacturing sapphire "pears"
consumes annually as much electricity as a town of approximately 50,000
inhabitants. It is thus easily understood, given current 10 increasing
energy saving concerns, the necessity of finding an alternative, and in
particular a more 



economical, solution to the use of synthetic sapphire for making watch
crystals having high scratch resistance and intended to be used in a wide
range of watches. 15       Moreover, the production of these crystals
mainly during the machining stage of the finished product from these
"pears" results in significant raw material wastage. The applicant has
noted during study of new solutions that the application of polycrystalline
diamond in the 20 form of thin films, in particular obtained via chemical
vapour deposition onto a'substrate, to the making of watch crystals is
particularly advantageous as the crystals thereby made perfectly fulfil the
requirements necessary for making scratchproof watch crystals both from the
25  economical point of view and from the point of view of their mechanical
properties and their transparency. The present invention thus precisely
concerns a transparent and scratchproof watch crystal, characterised in
that it is made of polycrystalline diamond. 30       Consequently,   the
complicated  and  expensive manufacture of synthetic sapphire, and the
laborious and equally expensive transformation thereof into watch crystals
are replaced by a simple chemical vapour deposition operation onto a
substrate having the shape of 35 the crystal which one wishes to obtain,
said deposition being followed by a polishing operation. It will be noted
moreover that the hardness of the 



watch crystals according to the invention is of the order    3 of 10,000
Vickers which makes them virtually scratchproof. The polycrystalline
diamond crystals of the invention also have the advantage of having
excellent chemical resistance properties. 5      Another significant
advantage of the selection of diamond for manufacturing watch crystals is
that, unlike synthetic sapphire, it is polycrystalline which gives it
isotropic properties. If one were to envisage sintering sapphire powder,
the part obtained would not be 10 transparent because of the anisotropy of
the relative optical properties of particles of sapphire. Such a problem
does not exist with diamond manufactured via chemical vapour deposition.
The present invention also concerns a watch case 15 including a middle part
and a back cover, characterised in that it further includes a crystal which
is formed of polycrystalline diamond. Other features and advantages of the
present invention will appear more clearly upon reading the 20 following
description of embodiment examples, said description being made by way of
non limiting example and 



with reference to the annexed drawings, in which : -  Figures 1 and 2 show
a watch fitted with a scratchproof and transparent crystal according to the
25 invention in plane view and in cross-section along the line II-II
respectively, and -  Figure 3 shows an exploded perspective of a watch
fitted with two scratchproof and transparent crystals according to the
invention, in this case a crystal and a 30 back cover. The watch shown in
Figures 1 and 2 includes a case 10, a movement 12 and display means 14,
including in this case hands and a dial. Case 10 includes a middle part 16,
a first and a second element for closing the case, 35 respectively a
crystal 18 and a back cover 20, and a casing ring 22. Middle part 16 is
provided with four horns 24 which extend above the body of the middle part
and form claws 26 defining with the body of the middle part a slide    4
bar inside which is housed crystal 18. Back cover 20 is fixed to middle
part 16 via screws which are not shown in the drawing. It also abuts
against casing ring 22. This casing ring extends over the entire height of
middle part 5  16 and it abuts against crystal 18. Thus, when back cover 



20 is fixed via screws, casing ring 22 exerts pressure on crystal 18 which
abuts against claws 26. Since this construction is well known to the man
skilled in the art, it is futile to describe it in a more explicit manner.
10       According  to  the  invention,  crystal  18  is  a practically
scratchproof element made of polycrystalline diamond. Crystal 18 may be
obtained in the following manner. Firstly a graphite substrate is prepared
including an upper surface having the negative shape of the crystal 15
which one wishes to obtain. This negative shape is flat in the case of
crystal 18 but may of course not be flat, for example partially
cylindrical, partially spherical, or a combination of these shapes. The
upper face of the substrate is polished then coated with a thin film of 20
silicon carbide (SiC). A film of polycrystalline diamond is then deposited
on the SiC film via chemical vapour deposition. During this deposition
operation a film of polycrystalline diamond grows at the surface of the SiC
to the desired thickness. 25       Once  the  desired  thickness  is
reached,  the polycrystalline diamond film intended to form crystal 18 is
then polished and, if necessary, given its final dimensions to form a watch
crystal such as crystal 18. This step for giving the final dimensions of
the crystal 30 is achieved for example by laser machining. The
polycrystalline diamond film is finally separated 



from the substrate, for example by chemical removal of the substrate. The
crystal thereby obtained is of course completely 35 transparent in the
visible spectrum after polishing and thus protects the display means while
enabling them to be read.    5 The measures effected have given hardness
results of the order of 10,000 Vickers. This hardness is approximately four
times greater than that of sapphire so that the watch fitted with crystal
18 according to the 5 invention is particularly well protected against
external attacks and in particular against scratches which could only be
caused by an object which itself has diamond portions. The thickness of the
watch crystal according to the 10 invention is a function of the dimension
of the desired crystal and the effect to be obtained. It will generally be
between 0.5 and 2 mm. A process allowing a crystal according to the
invention such as crystal 18 to be obtained is described 15  in  more
detail  in  European  Patent  Application EP-A-0 693 573 which is
incorporated here by reference. It 



is to be understood that any other process allowing plates or films made of
polycrystalline diamond to be made may be envisaged. 20       Referring now
to Figure 3, another embodiment of a watch fitted with watch crystals
according to the invention can be seen. In this example, the watch case
includes an upper shell 28 in the shape of a spherical cap, at least part
of 25 which is transparent and which forms a first watch crystal according
to the invention. The case also includes a lower shell 30, also in the
shape of a spherical cap, and a middle part 32 arranged in the proximity of
the periphery of shells 28 and 30, lower 30 shell 30 forming a second watch
crystal according to the invention. Crystals 28 and 30 thus have non flat
shapes. As is seen in Figure 3, shells 28 and 30 define an inner space
within which a movement is housed (not shown) and middle part 32 is
arranged to fit respectively the 35 shape of the lower and upper faces of
upper shell 28 and lower shell 30 respectively to act as their support
surface. Thus, when the case is assembled, edges 34 and 36 of the upper and
lower shells are joined along their    entire periphery with the exception
of places 38 and 40 



provided for attaching wristlet strands 42 and 44, and the middle part no
longer appears. Here upper shell 28, namely the crystal, and lower 5 shell
30, namely the back cover, forming the scratchproof transparent crystals
are made in the same way as the crystal described in connection with
Figures 1 and 2. Since the edges of the shells are joined, the case thereby
made is completely scratchproof. Moreover, as a result of 10 the spherical
cap shape of the crystals according to the invention - normally very
expensive when they are made of synthetic sapphire - the case thereby
obtained has very high shock absorption features since the shocks are
transmitted to the seat of the shells which is situated on 15 the middle
part onto which they are fixed, thus benefiting from the arch effect. It is
to be understood that the two shells may include at the periphery of their
internal face a masking layer such as a metallisation to hide certain
elements of 20 the case such as the middle part. Although the present
invention has been described in relation to particular embodiment examples,
it is clear, however, that it is not limited to said examples and that it
is capable of numerous alternatives and modifications 25 without departing
from its scope. For example the watch crystals could be used as transparent
back covers for watch cases. 



CLAIMS 1. Transparent and scratchproof watch crystal, characterised in that
it is made of polycrystalline diamond. 2. Watch crystal according to claim
1, characterised 5 in that it has a non flat shape. 3. Watch  crystal
according  to  claim  1 or  2, characterised in that it is partially
spherical. 4. Watch  crystal  according  to  claim  1  or  2, characterised
in that it is partially cylindrical. 10       5. Watch crystal according to
any of the preceding claims,  characterised in that it has a thickness of
between 0.5 and 2 mm. 6. Watch crystal including a middle part and a back
cover, characterised in that it further includes at least 15 one crystal
according to one of the preceding claims.    


