-1- 5 Drive nodul e conprising an MEMS m cronot or
process for the production of this nodul e and
timepiece fitted with this nodul e The present
invention relates to a drive nodule for a clock
novenent and a tinepiece such as a wistwatch fitted
Wi th such a drive nodule. 10 More specifically, the
invention relates to a drive nodule intended to
engage with a clock wheel having a plate made of
crystalline or anorphous material conprising a |ower
| ayer, which forns a substrate, and an upper |ayer,
into which an MEMS type nicromokor is etched, wherein
the mcronotor has at | east one actuator rotatably
driving a rotor. 15 Silicon chips are usually
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plate and using comb-type interdigital electrostatlc act ators or "comb
20 drive", the actuator(s) generally have a rectangular shape, but as they must
generate high forces, they occupy large areas and therefore they cannot be
segmented into several blocks to be distributed optimally over a rectangular
chip. Since the rotor of the micromotor is circular, it is even more difficult to
optimise the occupied surface on the silicon plate supporting the micromotor
25 and on the wafer, which thus results in large unused areas of the silicon.
This optimisation can be rendered even more complex if the aim is to
maximise the efficiency of the micromotor by optimising the arrangement of
the actuator or actuators.

The invention aims to resolve these problems by proposing a drive
30 module that allows optimisation of all these parameters, in particular by



In this aim the invention proposes a drive nodul e of
the aforenentioned type, characterised in that a

pi nion arranged coaxially to the 5 rotor is rotatably
connected to the rotor and di sppsed above the rotor,
sai d pinion being provided to éngage with the clock
wheel in an engagenent zone |ocated close to an outer
peri pheral edge of the plate, that the rotor is

di sposed on the plate in order to mnimse
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t he DleRildt position of the interlocking zone of the pawl with the rotor is shifted
slightly at an angle in relation to the engagement zone;

20 the stylus extends in a direction that separates the actuator into two

fully symmetrical parts;

. two actuators are provided, each having a movable stylus, the free
end of which is provided with a pawl, one for pushing, the other for pulling,
to cooperate with the gearing of the rotor on either side of the engagement

25 zone;

between them the actuators describe an angle in the overall range of
between eighty degrees and a hundred and forty degrees, wherein the
bisector of this angle passes through the engagement zone and through the



the plate has a central portion, which supports the
rotor and two |ateral portions, the contour of the

pl ate corresponds overall with the 5 intersection of
two rectangles, which are orthqgonal to one anot her
and formthe two lateral porti'dhs, with a transverse
rectangle formng the central portion, said
transverse rectangl e describing an angle of forty five
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the cover has an open indentation in one of its outer peripheral
20 edges, and the pinion is housed in the indentation;

The invention also proposes a process for the production of the drive

module, characterised in that it comprises a step of etching several plates in

a sheet of crystalline or amorphous material such as a silicon wafer,
wherein the plates are interleaved in several columns in the manner of

25 chevrons, the plates of two adjacent columns being oriented in opposite

directions.

The invention further proposes a timepiece having a movement
rotatably driven by the drive module in accordance with any of above

features.



clearer fromreading the follow ng detailed
description made with reference to the attached

drawi ngs given by way of non-restrictive exanple,
wherein: Figure 1 is a secti o4a vi ew schematical ly
showing a tinmepiece 5 configured in accordance with
the teaching of the invention; Figure 2 is a
perspective view partially showi ng the m)verrent of the

timepiece of Figure 1 fitted with a drive nodu
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enclosing this drive nodule; Figure 5 is an enlarged
view in we bdsta ovectiana@inviawosehamatisally showing 2 timepiece
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Figure 7 is a schematic plan view that illustrates the actuation of the
pinion by the rotor by means of pins;

20 Figure 8 is a schematic view in axial section taken along line X'X
which illustrates a variant of the assembiy of the shaft in relation to the rotor;

Figure 9 is a plan that schematically represents the elastic fastening
structures disposed in the plate for clamping and centring the shaft
according to the assembly arrangement of Figure 8;

25 Figure 10 is a plan view that schematically represents a silicon wafer
and illustrates an example of assembly of several micromotors on the wafer.

Figure 1 schematically represents a timepiece 10 in the form of a
wristwatch fitted with a drive module 13 in accordance with the teaching of



case 12. The tinepiece 10 conprises a watch case 14
closed by a glass 16, a dial 18 and anal og di spl ay
means in the formof hands 20 in this case. The 5
hands 20 are provided to be roﬁgtably driven by the
drive nodul e 13 according to t i nvention by neans of
a novenent 22 conprising scaler elenents, for

exanple. The drive nodule 13 is supplied with electric
power by a battery 24. The case 12, the drive nodu
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The drive module 13 is intended to engage with a clock wheel, i.e.
the input wheel 28 of the movement 22.

20 The different elements of the drive module 13 according to the

invention are shown in more detail in Figures 3o 7.

The drive module 13 has a plate 30 made of crystalline or amorphous
material, e.g. silicon, having a lower layer forming a substrate 32 and an
upper layer 34, into which an MEMS (Micro ElectroMechanical System) type

25  micromotor 36 is etched. The micromotor 36 in this case is formed by two
actuators 38, 40 that rotatably drive a rotor 42 etched into the upper
layer 34,

Each actuator 38, 40 has a stylus 44, 46 movable in a
direction A1, A2 parallel to the plane of the plate 30. Each stylus 44, 46 is



fitted on its free end with a paw 48, 50 provided to
cooperate with a saw tooth gearing 52 di sposed on the
outer peripheral edge of the rotor 42 for the purpose

of rotatably driving it sequen_tﬁj ally. Each stylus 44,

46 preferably extends in a direction Al, A2 which 5
separates the associated actuator 38, 40 into two
conpletely symmetrical parts. A first actuator 38
preferably conprises_a push ‘fawl 48 and a secon(gl )
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Accor di ng, hrilcrafolstVindViri) eRierostate diciiRitdrs confifur@t inad Gilicon
38, 40 is connected to a passive pawl 49
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2223%?% VIEE is’ theBRfbratB8 HePsik! biorefdtBRcL InthR document, the
20 motor is formed in a silicon layer by etching. It has a toothed drive wheel
and drive pins that cooperate with the teeth of the wheel to cause it to
rotate. Each drive pin is displaceably joined to a movable comb that is
displaced in relation to a fixed comb dependent on a voltage applied to the

fixed comb.

25 An embodiment using an SOl plate is described with reference to
Figures 7A to 7D in the aforementioned document.

According to an advantageous embodiment, each actuator 38, 40 is
connected to a passive pawl 49, 51, the locking zone of which is located
between the engagement zone 70 and the locking zone of the associated



-7- paw . These passive pawms 49, 51 are held in

el astic engagenent with the rotor 42 in order to
assure a precise angular positioning, in particular
during the driving phases when, the other paw s 48, 50
are di splaced. According to the enbodi nent shown in
Figures 3 to 7, the rotor 42 is 5 guided by a central
i ntegrated or guided slide bearing 60 fornmed at the
same tine as the paw s 48, 50 and hawlg%’a bear i
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20 clearances in plane Xy are taken up by the bearing 60 for the rotor 42 and
by the shaft 64 for the pinion 62. Thus, the lateral reaction force resulting
from the load is not taken up by the bearing 60 at the rotor 42, but by the
guidance of the pinion 62 by the shaft 64. Thus, the microfabricated
elements of the micromotor 36 are protected from higher forces applied by
25 the watch elements in the case of impacts, for example.

The pinion 62 is provided to engage with the input wheel 28 of the
movement 22 in an engagement zone 70 located close to an outer
peripheral edge 72 of the plate 30.

According to an advantageous feature, the rotor 42 is disposed on
30 the plate 30 so as to minimise the distance D between the gearing 52 of the



According to an advantageous feature, the rotor 42 is
di sposed on 30 the plate 30 so as to m nimse the

di stance D between the gearing 52 of the -8- rotor 42
and the outer peripheral edge 72 of the plate 30
corresponding to the engagenen " zone 70. MNoreover,
the outside dianeter of the pinion 62 is slightly

| arger than that of the rotor 42 so that it protrudes
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2 system offour pins is close to 85%, which improves the efficiency compared
to a case where the rotor 42 and the pinion 62 are stuck to one another. In
fact, in this latter case all the load would be found in the form of silicon-
silicon friction laterally at the bearing 60 and vertically between the
periphery of the rotor 42 and the substrate 32 because of the tilting torque.

25  Now, silicon-silicon friction is rather unfavourable with static dry coefficients

approaching 0.4.

This transmission solution further allows the diameter of the pinion 62
to be varied in order to adapt the torques and speeds according to the
loads. Moreover, if the pinion 62 is sufficiently large and projects beyond the

30 peripheral edge 72 of the plate 30, the engagement by the sheet will be



This transm ssion solution further allows the dianeter
of the pinion 62 to be varied in order to adapt the
torques and speeds according to the |oads. Mbreover,
if the pinion 62 is sufficient%g | arge and projects
beyond the 30 peripheral edge 72 of the plate 30, the
engagenent by the sheet will be -9- sinplified and the
drive nodul e 13 can be assenbl ed on the plate 26 of
the tinepiece 10 in nodul ar fashion
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bearing 60 "and pawl s; another variant consists of

fabri cat |A&0,:—t\,"{golbq{,ffélrgn§gp,§hgtel y on the sanme wafer or
on another waféer, and this rotor 42 is then assenbl ed
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cl earance to be reduced desi red 10 1 n the case
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of related variants constitutes rotors 42 and/ or
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nvent o SREBE tel PR HLES A, forsned gBdior pinions 62
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al sostar:ai ned for the assenbly, as the mechani cal
interface for connection to the watch novenent 22

& ready a@wihet Yroge b selatd Vareanms esastneteefpinémepfonhem by a
0o ok bt b o A o L
made of n%teacljrlvseu?n%d%e %aggco |t n tgstﬁgcln\?en%on allows increased
modularity for adaptation to the load by allowing the use of pinions 62 of
different diameters without modifying the rest of the module 13. In this way,
20 an increased modularity is also obtained for the assembly, as the
mechanical interface for connection to the watch movement 22 already
exists because of the presence of the pinion 62 integrated into the drive

module 13 and rotatably connected to the micromotor 36.

The pinion 62 can be made of metal such as brass with associated

25 pins 66 also formed of metal. The pinion 62 can aiso be made of plastic

material in one piece with the pins 66 by moulding. An embodiment of the

pinion 62 made of plastic material with moulded-on metal pins 66 is also
possible.



25 pins 66 also fornmed of nmetal. The pinion 62 can

al so be made of plastic mnaterial in one piece with
the pins 66 by noulding. An enmbodinment of the pinion
62 made of plastic materi al ga noul ded-on netal pins
66 is also possible. -10- According to the enbodi nent
shown in particular in Figures 4 and 5, the axis of
rotation of the pinion 62 is formed by a stepped shaft
64 made of cut out netal, which is inserted into the

pl ate 30 Amewtodhﬁuwocmp@ shewnyip aglisular in frigures 4 and 3,
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| ower end nterned
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90, lﬂﬁb%'r MWRErHédiste pidcd Siaviih BddiameterXRatis! M@htly ﬂles%nthan the
t he per end piece 88 is held in axial

abut
Si nciagRat Qe 'atﬁrr@ealatq:law&@ & a%@Xtea%ﬂntazthP §°re 86 of the
pr oviifigH 62%o tr&ﬁtabﬁﬁq?\.hﬂé‘ﬂ B uﬂﬁHrWehﬁecﬁé’tbrﬁf&ebﬁﬂ fdgether with

phot ol i t hogr aphi ¢ ching process in the 20 sane wa
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th 4

fa\?oalcj?é%he&cgh rqzﬁhﬁ&%rpn}w sthaf tﬂb%ﬁén{&%g@@elag féﬁﬁ%g’m axial
t he amdmenlg 60 and the rotor 42 is obtai ned In

addition, the lower face of the pinion 62 facing the
beari ng @ndeathe zotptabipe guitianie cof thecvalar 42t ise ppavidesnby the

62 ftge%%ﬁ CHH, %iél'msofo%gélbya? ﬁh%ﬂ{hographic etching process in the

20 same way as the first hole 74 that determines the centring of the shaft 64 in
relation to the bearing 60, a very favourable centring of the shaft 64, the
pinion 62, the bearing 60 and the rotor 42 is obtained.

In addition, the lower face of the pinion 62 facing the bearing 60 has

a bulge 94 which prevents the pinion 62 from coming into axial abutment

25 against the rotor 42, in particular in the case of tilting, and this prevents
deterioration of the rotor 42.

Figures 8 and 9 show another advantageous embodiment, in which
the shaft 64 is mounted in the plate 30 in the manner of a driven-in
arrangement by means of elastic fastening structures 96 disposed in the

30 substrate 32 around the first hole 74. In this embodiment, the radial forces



25 against the rotor 42, in particular in the case of
tilting, and this prevents deterioration of the rotor
42. Figures 8 and 9 show anot her advantageous

enbodi nent, in which the shafg 64 is nounted in the
plate 30 in the manner of a drlven in arrangenent by
means of elastic fastening structures 96 disposed in
the 30 substrate 32 around the first hol e 74 In this
enbodi nent, the radial forces -11- I|ed
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tthatorddmicrei.or 42 is then directly rotatably gui ded by

the shaft 64. Thus, the shaft 64 can rotatably guide

bot h t he Bechose 42thisnprecize aliphmienhat® cerdring.at tshpossindd to omit
64 | f or med

whi ch enabl 1 .
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of friction agai nst the shaft can reso
shaft 64.

The shaft 64 can finally be fixed in the plate 30 by an additional
20 fastening method, e.g. by welding to the substrate 32 by means of a weld 99
shown in Figure 8 or also by gluing.

The problems of friction against the shaft 64 can be resolved by
applying a solid thin layer onto the outer axial wall of the shaft 64 enabling
the friction between the parts to be reduced.

25 The elastic fastening structures 96 can be selected in particular from
the examples described and shown in patent document CH 695 395 or from
other structures that can ensure precise centring and clamping of the
shaft 64 on the plate 30, e.g. structures in the form of flexible tabs with free
ends.



applying a solid thin |l ayer onto the outer axial wal

of the shaft 64 enabling the friction between the
parts to be reduced. 25 The elastic fastening
structures 96 can be sel ected . particular from the
exanpl es described and shown n“patent document CH 695
395 or from other structures that can ensure precise
centring and clanping of the shaft 64 on the plate
30, e.g. structur n the form(g flexible tabs,wth
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one of the peripheral edges 72 of the central porti

oo.ofthe sugpre r?&l“%e 56““’@1790"%%" 189 i, pgcypied QV&BF)F“O’ 42 The

di spaRRdeRRnt BsheL POl dibposaldidsano B qind Pariteia edges 72 of
opposi‘té the enga errent zone 70 inrelation to the™ 20

axi sthe central portionr fibr 42, It should be noted that the

"v" shape of the drive nodule 13 has the
The terminals 56, 57, 58, 59 are preferably disposed on the central

portion 100 on the side opposite the engagement zone 70 in relation to the
20 axis z'z of the rotor 42.

It should be noted that the "V* shape of the drive module 13 has the
advantage of enabling the efficiency of the micromotor 36 to be optimised in
relation to the surface of the plate 30 used, and the surface of the crystalline
or amorphous material used to form the micromotors 36 and the drive

25 modules 13 to be optimised. Thus, when the plate 30 is made from a silicon
wafer 101, as shown schematically in Figure 10, the "V" shape allows
replication of the interleaved arrangement of the plates 30 on the surface of
the wafer to maximise the number of micromotors 36 obtained from a given
surface of silicon. In particular, according to the example shown in

30  Figure 10, the plates 30 can be arranged on the wafer in paraliel columns in



advant age of enabling the efficiency of the m cronotor
36 to be optimsed in relation to the surface of the
plate 30 used, and the surface of the crystalline or
anor phous material used to forgm,the mcronotors 36 and
the drive 25 nodules 13 to be opfim sed. Thus, when
the plate 30 is made froma silicon wafer 101, as
shown schenmatically in Figure 10, the "V shape alloms
replication of the interleaved arrangenent of
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P ho PR BN e MERS o e 8re B1oduRs bjs TANS of the lower

%0V iRt 1062 MHet d28e Pl2ofh s 8 Q)r@técﬁ\}éecd%l‘ 108, WHieh Q:oilt@rs' the drive

nmounted on the I ower 15 plate 106. The case 12 has a

pr ot7Beqlle d3¢katas fastened faiths lowey plate 1HE in iy saserByimeans of a
13 U f0d, 384 GHich ndiBe h@Waiven! bduid Ofs dahifdhi e lower

case by neans o screw 109, and t he
dri vdated®l e 13 against the lower plate 106. The

upper face of the lower plate 106 in this case has a
recess orThe upper face of the lower plate 106 in this case has a recess or

20 receptacle 110, in which the plate 30 of the drive module 13 is received in
an essentially complementary manner.

The cover 108 has an open indentation 112 in one of its outer
peripheral edges, and the pinion 62 is housed in the indentation 112 after
the cover 108 is mounted on the lower plate 106.

25 Advantageously, a printed circuit 114 is interposed between the lower
plate 106 and the cover 108 to enable the micromotor 36 to be electrically
connected via its terminals 56, 57, 58, 59 to the electronic module of the
timepiece 10.



20 receptacle 110, in which the plate 30 of the drive
nmodul e 13 is received in an essentially conplenentary
manner. The cover 108 has an open indentation 112 in
one of its outer peripheral edgges, and the pinion 62
is housed in the indentation 112 after the cover 108
is nmounted on the | ower plate 106. 25 Advant ageously,
a printed circuit 114 is interposed between the Iomer

plate 106 and the cover 108 to enable the m cronpt
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provided on the drive nodule 13 to protect its
conmponents. -15- CLAIMS 1. Drive nodule (13) intended
to engage with a clock wheel (28) having a plate (30)
made of crystalline or anorphous material conprising a
5 lower layer, which forns a substrate (32), and an
upper layer (34), into which an MEMS type of
m cronotor (36) is etched, wherein the m cronotor
(36) has at |east one actuator (38, 40) rotatably
driving a rotor (42), characterised in that a pinion
(62) arranged coaxially to the rotor is rotatably
connected to the rotor and di sposed above the rotor,
said pinion 10 being provided to engage wth the clock
wheel in an engagenent zone (70) |ocated close to an
outer peripheral edge (72) of the plate (30), that the
rotor (42) is disposed on the plate in order to
m nimse the di stance between the outer peripheral
edge of the rotor (42) and the outer periphera



edge (72) of the plate (30) corresponding to the
engagenent zone (70), and 15 that the dianeter of the
pinion (62) is larger than that of the rotor (42) so
as to protrude relative to th; plate (30) into the
engagenent zone (70). 2. Drive Yodul e (13) according
claim1l, characterised in that the actuator (38, 40)
has a stylus (44, 46), which is novable in a paralle
direction to the plane of the plate (30), which stylus
(44,céms s fitted on its 20 free end with a paw (48,
50) provided to cooperate with a saw tooth gearing
(52) disposed on the outer peripheral edge of the
rotor (42) in order to rotatably drive it

sequenti all yprig@@nddim (‘Id)eint%ﬁgékﬂ % eﬁgégé WRR @tiotkqvheel (28)
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20 free end with a pawl (48, 50) provided to cooperate with a saw tooth gearing
(52) disposed on the outer peripheral edge of the rotor (42) in order to
rotatably drive it sequentially, and that the angular position of the
interlocking zone of the pawl (48, 50} with the rotor (42) is shifted slightly at
an angle in relation to the engagement zone (70).

25 3. Drive module (13) according to claim 2, characterised in that the
stylus (44, 46) extends in a direction that separates the actuator (38, 40)

into two fully symmetrical parts.

4. Drive module (13) according to claim 2 or 3, characterised in
that two actuators (38, 40) are provided, each having a movable



overall with the intersection of two rectangles, which
are orthogonal to one another and formthe two

| ateral portions (102, 104), with a transverse 15
rectangle formng the central E rtion (100), said
transverse rectangle describi g an angle of forty
five degrees in relation to each of the two other
rectangl es, that the najor part of the surface of each
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20 the engagement zone (70) is disposed close to one of the peripheral edges
(72) of the central portion (100).

7. Drive module (13) according to claim 6, characterised in that the

plate (30) has terminals (56, 57, 58, 59) for connection of the actuators (38,

40) to an electronic module, and that the terminals (56, 57, 58, 59) are

25 disposed on the central portion (100) on the opposite side to the
engagement zone (70) in relation to the axis of the rotor (42).

8. Drive module (13) according to claim 1, characterised in that it is
disposed inside a case (12) having a lower plate (106) provided to be
fastened to a timepiece element (10) such as a movement plate (26) and a

30 cover (108) fastened to the lower plate (106).
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10 11. Timepiece (10) having a movement (22) rotatably driven by the
drive module (13) intended to engage with a clock wheel (28) having a plate
(30) made of crystalline or amorphous material comprising a lower layer,
which forms a substrate (32), and an upper layer (34), into which an MEMS
type of micromotor (36) is etched, wherein the micromotor (36) has at least
15 one actuator (38, 40) rotatably driving a rotor (42), characterised in that a
pinion (62) arranged coaxially to the rotor is rotatably connected to the rotor
and disposed above the rotor, said pinion being provided to engage with the
clock wheel in an engagement zone (70) located close to an outer
peripheral edge (72) of the plate (30), that the rotor (42) is disposed on the
20 plate in order to minimise the distance between the outer peripheral edge of
the rotor (42) and the outer peripheral edge (72) of the plate (30)
corresponding to the engagement zone (70), and that the diameter of the
pinion {62) is larger than that of the rotor (42) so as to protrude relative to

the plate (30) into the engagement zone (70).



