
1  TIMEPIECE INCLUDING A DIAL MADE OF SEMICONDUCTOR
MATERIAL AND DIAL FOR THE SAME The invention concerns
a dial made of semiconductor material and an
electronic timepiece fitted with the same. Generally,
an electronic timepiece such as a wristwatch comprises
a case that  includes an electronic circuit
controlling the display means to display information
on a  5 dial. The dial is made in the form of a plate
having, on the side of its display face, decorative
elements, indices, and/or markings representing for
example the numbers  of the hours. The dial can also
comprise a window associated with a liquid crystal,
screen connected to the electronic circuit. The dial
is usually made of plastic material  or metal. 10 The
electronic control circuit is generally arranged on a
printed circuit board  (PCB) and it includes
electronic components such as a control unit,
conductive paths,  and a reference oscillator which
acts as a time base. The oscillator includes a
resonator, for example a quartz resonator. Some
watches do not have a PCB. The electronic components
are then  15 mounted directly on the back cover of the
case. The conductive paths are made, for  example, in
the form of metallic strips fixed in the case. The
watch structures that have just been described are not
completely  satisfactory since they require numerous
assembly operations, particularly for  mounting each
of the electronic components either on the PCB, or in
the back cover 20 of the case. Moreover, the space
requirement of these electronic components in the
case is inconvenient when one wishes to make the watch
more compact, particularly  the thickness thereof.
There also exist watch dials made in a crystalline
material such as silicon.  Thus, US Patent No. 4 599
251 discloses and shows a decorative watch article
made  25 of silicon. The dial includes a top layer,
for example of silicon dioxide, which is light
permeable and allows coloured interferences to be
formed at its surface. Further,  decorative designs or
indices can be made on the top surface of the dial,
from an  opaque material, by printing or vapour phase
deposition. This type of dial has an aesthetic
advantage but the general structure of the  30 watch
is not altered and still has the same drawbacks. It is
an object of the invention to overcome these
drawbacks. 



The present invention therefore proposes an electronic
timepiece comprising a  case, which is fitted with a
dial and which contains an electronic control circuit
driving  an analogue display device including hands
that are driven in rotation by means of a 35 drive
device, of the type wherein the dial includes a main
body in the form of a plate, -2- which is made of
semiconductor material, and of the type wherein the
control circuit  includes at least one control unit
and a time base circuit, characterized in that the
control circuit includes at least one integrated
circuit element, which is etched into the  main body
of the dial. 5 One advantage of the invention is that
it facilitates integration of micro or nano-
structures in the timepiece. Indeed, micro
electromechanical systems, made by  etching in a
silicon plate, are increasingly used. Owing to the
silicon dial and the  integrated circuit with which it
is provided, it is possible to arrange micro
electromechanical systems directly in the dial and to
control them, for example, by  10 means of the
integrated circuit. According to other features of the
invention: - the control unit is an integrated circuit
element which is directly etched in the  main body of
the dial; - the time base circuit is directly etched
in the main body of the dial; 15 - a micro
electromechanical system is etched in the main body of
the dial and  electrically connected to the control
circuit; - the drive device includes an electric motor
forming a micro electromechanical  system etched in a
plate made of semiconductor material and carried by
the dial; - the drive device includes an electric
motor forming a micro electromechanical  20 system
etched directly in the main body of the dial; - the
main body of the dial is made of silicon; - since the
top face of the main body of the dial forms the
display face of the  dial, said top face is at least
partially coated with a coating; - since the top face
of the main body of the dial forms the display face of
the  25 dial, said top face includes raised designs
etched in the main body of the dial; - the timepiece
includes a printed circuit board which is arranged
under the dial  and which carries one part of the
control circuit, and the integrated circuit element
which is etched in the main body of the dial is
electrically connected to conductive  paths of the
printed circuit board by electric connection means
inserted between the  



30 bottom face of the dial and the printed circuit
board; - the control circuit assembly is etched in the
main body of the dial; Other features and advantages
of the present invention will appear more  clearly
upon reading the following detailed description, made
with reference to the  annexed drawings, given by way
of non-limiting example and in which: 35 - Figure 1 is
an axial cross-section which shows schematically a
watch  according to a first embodiment in accordance
with the teaching of the invention  wherein the
silicon dial includes an integrated circuit; -3- -
Figure 2 is a detailed axial cross-section which shows
an enlargement of the connection of the integrated
circuit of Figure 1 to the printed circuit board of
the watch;  - Figure 3 is a similar view to that of
Figure 1 which shows schematically a  watch according
to a second embodiment wherein the device driving the
hands of the  5 watch includes a motor made of silicon
and affixed to the dial; - Figure 4 is a similar view
to that of Figure 1 which shows schematically a  watch
according to a third embodiment wherein the control
circuit component  assembly of the watch is formed
directly in the silicon dial. In the following
description, elements that are similar or identical
will be  10 designated by the same references. Figures
1 to 2 show an electronic timepiece 10 made according
to a first  embodiment in accordance with the teaching
of the invention. Timepiece 10 is formed  here by a
watch 10 which comprises a case 12, for example of
cylindrical shape. In the following description, a
vertical orientation along axis Al of case 12 will  15
be used in a non-limiting manner. Case 12 is formed by
a bottom wall 14 extending generally in a transverse
plane, by a peripheral axial wall 16, and by a top
protective crystal 18, which closes  case 12 on the
side of the top display face 20 of watch 10. Case 12
includes an electronic control circuit 22 which drives
a display device  20 24. According to the embodiment
shown, display device 24 is of the analogue type.  It
includes indicator hands 26 which extend above a dial
28 and which are driven in  rotation about axis Al of
case 12 by an electrically controlled drive device 30.
Drive  device 30 includes for example at least one
electric watch type motor and 25 transmission means
for obtaining the gear reduction required for driving
each hand  



26. According to an alternative embodiment (not shown)
of the invention, analogue  display means 24 can be
combined with a liquid crystal display. Electronic
control circuit 22 is arranged in part on the bottom
face 31 of a  30 printed circuit board 32 mounted in
case 12, under dial 28. Electronic components are
arranged on printed circuit board 32, in particular a
control unit 36 and a time base  circuit formed by a
reference oscillator 34. Electrically conductive paths
38 arranged  on printed circuit board 32 connect the
components to each other. Control unit 36 can be
formed, for example, by a microcontroller or by a
logic  35 circuit. -4- Drive device 30 is mounted here
on the bottom face 31 of printed circuit board 32 and
its drive arbour 40 extends upwards through a first
aperture 42 arranged in  printed circuit board 32 and
through a second aperture 44 arranged in dial 28. A
battery 46 arranged between printed circuit board 32
and the bottom wall 14  5 of case 12 provides the
electric power supply. Of course, external control
means (not shown) cooperating with control unit 36,
such as push buttons or a crown, could be provided to
enable the user to control  display means 24 and for
example set the time. Dial 28 includes a main body 48,
in the form of a circular plate, which is made  10 of
semiconductor material. Preferably, this semiconductor
material is formed by  silicon. Main body 28 can thus
be made from a silicon wafer such as those used in
microelectronics to make integrated circuits. In
accordance with the teaching of the invention,
electronic control circuit 22  includes at least one
integrated circuit element 36, which is etched in main
body 48 of  15 dial 28, using known methods for
fabricating integrated circuits on silicon. According
to the embodiment shown, control unit 36 which is
etched in the  bottom face 50 of dial 28 forms the
integrated circuit element. As shown in detail in
Figure 2, electronic control circuit 22 is provided
with  electric connection means 52 which connect the
connection studs 54 of control unit 36  20 to
conductive paths 38 of printed circuit board 32.
According to the embodiment shown here, these electric
connection means 52 are contact bumps 56, for example
made from a conductive anisotropic adhesive base,
which are arranged on connection  studs 54 and which
are in electric contact with conductive paths 58
carried by the top  



face 60 of printed circuit board 32. These conductive
paths 58 are electrically 25 connected to the
conductive paths 38 carried by bottom face 31 of
printed circuit  board 32 by means of metallised holes
60 passing right through said board 32.  According to
alternative embodiments (not shown), electric
connection means 52 can be made differently, for
example with metal strips or with a "zebra" type
connector comprising an elastomeric strip including
parallel conductive wires. 30 Preferably, dial 28
comprises raised indices 64 on its top face, for
example by  crystallographic growth. Said top face 62
can also include a coating, for example of  the
metallic type, for protecting and/or decorating dial
28, and can include raised  designs in the form of
machined micro structures to obtain a similar optical
effect to  that obtained with guilloche dials. The
indices and raised designs can also be obtained  35 by
depositing material on dial 28. -5- Of course,
electronic control circuit 22 can include other
electronic components such as sensors, a liquid
crystal display module, an antenna for watch 10 and/or
a  radio transmitter/receiver, a coil, data storage
units (memories) ... Advantageously, dial 28 can
includes several identical control units 36 etched  5
in its bottom face 50. Thus, if one control unit 36 is
defective, control circuit 22 can  simply be connected
to another control unit 36 that is in an operational
state. Dial 28 can also include several control units
36 of different types, which  enables the same dial 28
to be used for different types of watches 10. Thus,
when  watch 10 is being assembled, control circuit 22
can simply be connected to the control  10 unit 36
suited to the type of watch being assembled. Other
embodiments of the invention will now be described
mainly considering  the differences with respect to
the first embodiment. Figure 3 shows a second
embodiment of watch 10 according to the invention
including a drive device 30 wherein the electric motor
66 is made in the form of a  15 micro
electromechanical system etched in a silicon plate.
This type of motor 66 is described and shown, for
example, in WO Patent No.  2004/081695, incorporated
herein by reference. In this Patent, the motor is made
by  etching in a silicon layer. It includes a toothed
drive wheel and actuating fingers which  cooperate
with the teeth of the wheel to cause it to rotate.
Each actuating finger is 20 secured in movement to a
mobile comb which moves in relation to a fixed comb as
a  function of a voltage applied to the fixed comb. 



Preferably, an S.O.I (silicon-on-insulator)
fabrication technique is used for  motor 66, such as
that described with reference to Figures 7A to 7D in
the  aforementioned Patent, and which enables the
mobile parts to be easily detached  25 from the
silicon substrate which carries them. According to the
second embodiment, motor 66 has the form of an added
component which is secured to the bottom face 50 of
dial 28, for example by bonding  or welding. The drive
wheel (not shown) for motor 66 meshes with a motion
work 68  which is secured adjacently on the bottom
face of dial 28 and which drives hands 26 in 30
accordance with a suitable reduction ratio. The bottom
face 50 of dial 28 includes  conductive paths 70 for
connecting motor 66 to associated contact bumps 72
arranged on the bottom face 50 of dial 28. Of course,
this electrical connection could  be achieved
differently, for example by means of conductive wires
by the wire bonding  technique that is already
implemented for integrated circuits. 35 As for the
electric connection of control unit 36 described in
relation to Figures  1 and 2, the contact bumps 72
associated with motor 66 come into electric contact
with conductive paths 58 arranged opposite, on the top
face 60 of printed circuit board -6- 32, so as to
allow the electrical connection of motor 66 to the
other components of  control circuit 22. The
conductive paths 58 arranged on bottom face 50 of dial
28 can  also directly connect motor 66 to control unit
36. This second embodiment has the advantage of being
more compact in height.  5 Moreover, it enables
several components to be integrated in dial 28.
According to a third embodiment, which is shown in
Figure 4, all of the electric  components of control
circuit 22, and motor 66 of drive device 30, are
directly formed  by etching in the main body 48 of
dial 28. In the example shown, these components  are
made in the bottom face 50 of dial 28, but they could
be made in a similar manner  10 in the top face 62 of
dial 28. The fabrication technique implemented is the
S.I.O. technique such that the  main body 48 of dial
28 includes, here from top to bottom, a top silicon
layer 74  forming a substrate, for example 350
micrometers thick, an intermediate insulating  silicon
oxide (SiO2) layer, and a bottom silicon layer 78, for
example 15 to 75 15 micrometers thick. The control
unit 36, oscillator 34, and motor 66 are formed in the
bottom layer 78 to electrically connect the components
to each other. Motor 66 can be made in accordance with
the teaching of the aforecited WO  



Patent No. 2004/081695. Oscillator 34 can be made in
accordance with the teaching of WO Patent No.  20
2001/33711, incorporated herein by reference, which
describes and shows a silicon  oscillator provided to
be made on the same substrate as the integrated
circuit forming  control unit 36 of watch 10.
Oscillator 34 thus has the form of a micro or nano
electromechanical structure, which is etched in main
body 48 of dial 28 and which is  electrically
connected to control circuit 22. 25 Advantageously,
watch 10 has no printed circuit boards here, since all
of  control circuit 22 is arranged in dial 28. The
motion work 68 is arranged herein a housing 82, which
is adjacent to  motor 66 and which is arranged in the
bottom layer 78 of dial 28, to enable motion  work 68
to be driven in rotation by motor 66. 30 An
intermediate electric connection element such as a
metal contact strip 84  can be fixed to bottom face 50
of dial 28 to connect battery 46 to control circuit
22.  This embodiment has the advantage of being
particularly compact in height. Moreover, it enables
the printed circuit board and associated drawbacks to
be omitted.  Fabrication of control circuit 22 is
facilitated since there is no longer a step of  35
assembling/mounting the electronic components, the
latter being directly etched in dial 28. The etching
techniques used in microelectronics allow batch
processing, which  minimises fabrication costs. -7-
CLAIMS 1. Electronic timepiece (10) Including a case
(12) which is fitted with a dial  (28) and which
contains an electronic control circuit (22) driving an
analogue display  device (24) Including hands (26)
above the dial (28j which are driven in rotation by 5
means of a drive device (30), of the type wherein the
dial (28) includes a main body  (48) In the form of a
plate which Is made of semiconductor material, and of
the type  wherein the electronic control circuit (22)
Includes at least one control unit (36) and a  time
base circuit (34), characterized in that the
electronic control circuit (22) includes  at least one
integrated circuit element (34.36) which Is etched In
the main body (48)  10 of the dial (28). 2. Timepiece
(10) according to the preceding claim, characterized
In that  the control unit (36) Is an Integrated
circuit element which Is directly etched In the main
body (48) of the dial (28). 



3. Timepiece (10) according to claim I or 2,
characterized in that the time  15 base circuit (34)
is directly etched in the main body (48) of the dial
(28). 4. Timepiece (10) according to any of the
preceding claims, characterized  in that a micro
electromechanical system (30) is etched In the main
body (48) of the  dial (28) and electrically connected
to the control circuit (22). 5. Timepiece (10)
according to any of the preceding claims,
characterized  20 in that the drive device (30)
Includes an electric motor (66) forming a micro
electromechanical system etched in a plate of
semiconductor material and carried by  the dial (28).
6. Timepiece (10) according to any of claims Ito 4,
characterized in that  the drive device (30) Includes
an electric motor (66) forming a micro 25
electromechanical system directly etched In the main
body (48) of the dial (28). 7. Timepiece (10)
according to any of the preceding claims,
characterized  in that the main body (48) of the dial
(28) is made of silicon. 8. Timepiece (10) according
to any of the preceding claims, wherein the top  face
(62) of the main body (48) of the dial (28) forms the
display face of the dial (28).  30 characterized in
that said top face (62) is at least partially coated
with a coating. 9. Timepiece (10) according to any of
the preceding claims, wherein the top  We (62) of the
main body (46) of the dial (28) forms the display face
of the dial (28),  characterized In that said top face
(62) includes raised designs etched in the main  body
(48) of the dial (28). 35 10. Timepiece (10) according
to any of the preceding claims, characterized  In that
it includes a printed circuit board (32) which Is
arranged under the dial (28) and -8- which carries one
part of the control circuit (22), and In that the
integrated circuit  element (38) which Is etched in
the main body (48) of the dial (28) Is electrically
connected to conductive paths (58) of the printed
circuit board (32) by electric  connection means (58)
inserted between the bottom face (50) of the dial (28)
and the  5 printed circuit board (32). 11. Timepiece
according to any of claims 1 to 9, characterized In
that the  whole of the control circuit (22) is etched
In the main body (48) of the dial (28). 


