-1- Arrangenent for the nmechanical interfacing of a
MEMS m cronmotor with a clock wheel and tinepiece
conprising this arrangenent 5 The present invention
relates to an arrangenent for the nechanica
interfacing of a mcronotor with a wheel and a

ti mepi ece conprising this arrangenent. The invention
relates nore particularly to an arrangenent for the
10 nechanical interfacing of a mcronotor of the MENVS
type with a toothed wheel in hhich the nicromotor is
produced in the upper |ayer of a plate nade of
crystalline or anorphous naterial and conprises at
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moveable fingers are attached to the combs, themselves attached to a

nacelle guided linearly by springs. These actuators are produced by
photolithography and dry plasma attack of monocrystalline silicon layers
20 having a thickness typically of 50 to more than 200 microns.

In order to make a clock wheel turn, it is necessary to convert the
linear movement into rotational movement, via a ratchet system for
example, as in the case of Accutron watches by Bulova (USA), Mosaba by
ETA or via a hysteresis system such as described in the document

25 WO 2004/081695. The linear movement on silicon being of the order of a
few tens of microns, the ratchet driven by the pawls must have teeth of
equivalent dimensions. In order to ensure reliable meshing, the positioning
of this ratchet relative to the moveable fingers must by within tolerances

which are much lower than the some tens of microns mentioned earlier.



-2- In order to produce such a mechanical interfacing
between the |inear novenent of a paw actuator and the
rotational novenment, the docunment WD 2006/ 024651
proposes using m croactuators ich drive, by neans of
a tooth in a hysteresis novenéfft’, a m cromanufact ured
wheel with very 5 small teeth, which is coaxial and
integral with a clock pinion. This solution inplies
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other.

To this end, the invention proposes an arrangement of the type
mentioned previously, characterised in that a pinion, coaxial with the rotor
and arranged above the rotor, is connected in rotation to the rotor by means

25 of at least one pin which is received in an associated housing and in that the
pinion meshes with the toothed wheel.

According to other features of the invention:

- the rotor comprises a plurality of housings which are distributed
angularly in a regular manner about the axis of rotation, and the pins are
30 integral with the pinion;



- the rotor conprises a plurality of housings which
are distributed angularly in a regular nmanner about
the axis of rotation, and the pins are 30 integra
with the pinion; -3- - the p|n§ are produced in a
single piece with the pinion; "+ each pin is received
in the associated housing with a radial functioning
cl earance and a circunferential functioning clearance
determ ned by design; 5 - the upper |ayer of the plate
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15 The invention also proposes a timepiece which comprises an
arrangement according to one of the preceding features for the mechanical
interfacing of a wheel of a gear-train of the timepiece with a micromotor of
the timepiece.

Other features and advantages of the present invention will appear
20 more clearly upon reading the following detailed description, with reference
to the annexed drawings which are given by way of non-limiting example

and in which:

- Figure 1 is a sectional view in which represents schematically a
timepiece produced according to the teachings of the invention;

25 -Figure 2 is a perspective view which partially represents the
movement of the timepiece of Figure 1, equipped with a driving module

comprising a MEMS micromotor;



25 - Figure 2 is a perspective view which partially
represents the novenent of the tinepiece of Figure 1,
equi pped with a driving nodule conprising a MENVS

m cronotor; -4- - Figure 3 is_g vi ew from above which
represents schematically the riving nodul e of Figure
2; - Figure 4 is an expl oded perspective view which

represents the driving nodule of Figure 2 and the
casi ng which surrounds this drivin

5 nodule; - .
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whi @fhst epresent s schemati cal | y a silicon wafer and
which illustrates an exanpl e of the arrangenent of a
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timepi ece 10 is represented schematically, conprising
of the pinion by the rotor by means of pins;

15 - Figure 8 is a schematic view in axial section according to the
plane X’X which illustrates a variant of the assembly of the shaft relative to

the rotor;

- Figure 9 is a view from below which represents schematically the
elastic fixing structures which are provided in the plate for clamping and
20 centring the shaft according to the assembly of Figure 8;

- Figure 10 is a view from above which represents schematically a
silicon wafer and which illustrates an example of the arrangement of a
plurality of micromotors on the wafer.

In Figure 1, a timepiece 10 is represented schematically, comprising

25 a wristwatch equipped with a driving module 13 according to the teachings

of the invention, the driving module 13 being arranged here inside a
casing 12.



25 a wistwatch equi pped with a driving nodule 13
according to the teachings of the invention, the
driving nodul e 13 being arranged here inside a casing
12. -5- The tinepiece 10 conprises a watch casing 14
closed by a crystal 16, a di al °I8 and anal ogi ca

di spl ay neans here conprising hands 20. The hands 20
are provided in order to be driven in rotation by the
driving nodule 13 according to the invention, via
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gear-train 22. The various el ements of t'he dri vi ng
mod@f® 13 according to the invention are represented

in nore detail in Figures 3 to 7. 20 The driving
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The various elements of the driving module 13 according to the
invention are represented in more detail in Figures 3 to 7.

20 The driving module 13 comprises a plate 30 made of crystalline or
amorphous material, for example silicon, comprising a lower layer which
forms a substrate 32 and an upper layer 34 in which a micromotor 36 of
the MEMS type (Micro Electro Mechanical System) is etched. The
micromotor 36 is formed here by two actuators 38, 40 which drive a rotor 42
25  which is etched in the upper layer 34 in rotation.

Each actuator 38, 40 comprises a stylus 44, 46, moveable following a
direction A1, A2 parallel to the plane of the plate 30. Each stylus 44, 46 is
provided, on its free end, with a pawl 48, 50 which is provided to cooperate
with a ratchet toothing 52 provided on the exterior circumferential edge of
30 the rotor 42 in order to drive it in rotation sequentially.



25 which is etched in the upper layer 34 in rotation.
Each actuator 38, 40 conprises a stylus 44, 46,
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driving wheel and actuating fingers which cooperate with the teeth of the

20 wheel in order to induce its rotation. Each actuating finger is integral in

displacement with a moveable comb which is displaced relative to a fixed

comb as a function of a voltage applied to the fixed comb.

An embodiment using an SOI plate is described with reference to
Figures 7A to 7D in the document mentioned above.

25 According to an advantageous embodiment, each actuator 38, 40 is
associated with a passive pawl 49, 51, the ratcheting zone of which is
situated between the meshing zone 70 and the ratcheting zone of the
associated ratchet. These passive pawls 498, 51 are maintained elastically
meshed with the rotor 42 in order to ensure precise angular positioning, in
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conb as a function of a voltage applied to the fixed
conb. An enbodi nent using an SO plate is described
with reference to Figures 7Ato 7D in the docunent
menti oned above. 25 According to an advant ageous
enbodi nent, each actuator 38, "40 is associated with a
passi ve pawl 49, 51, the ratcheting zone of which is
situat ed between the neshing zone 70 and the
ratcheting zone of the associated ratchet.
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cl eaf afigare i70 Tﬁus pd)tanet2x3andr pintcak &2 ape wpupled angularly but
independent laterally: the clearances in the plane xy are taken up by the

20 bearing 60 for the rotor 42 and by the shaft 64 for the pinion 62. Hence the
lateral reaction force due to the load is not taken up by the bearing 60 at the

level of the rotor 42 but by the guidance of the pinion 62 by the shaft 64.
Therefore the micromanufactured elements of the micromotor 36 are
protected from larger forces exerted by the timepiece elements, in the case

25 of impacts for example.

The pinion 62 is provided in order to mesh with the input wheel 28 of
the mechanism 22 in a meshing zone 70 situated near to an exterior
circumferential edge 72 of the plate 30.

According to an advantageous feature, the rotor 42 is provided on the
30 plate 30 in order to minimise the distance D between the toothing 52 of the



20 bearing 60 for the rotor 42 and by the shaft 64 for
the pinion 62. Hence the I|ateral reaction force due
to the load is not taken up by the bearing 60 at the

| evel of the rotor 42 but by the guidance of the
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45°, if the clearances are well adjusted, the efficiency for a system with four

20 pins approaches 85%, which improves the efficiency relative to a case
where the rotor 42 and the pinion 62 are glued one to the other. In fact, in
this latter case, all the load would be in the form of lateral silicon-silicon
fricion at the level of the bearing 60, and vertical between the
circumference of the rotor 42 and the substrate 32 because of the pivoting

25 torque. However the silicon-silicon friction is somewhat unfavourable, with
dry static coefficients approaching 0.4.

This transmission solution makes it possible again to vary the
diameter of the pinion 62 in order to adapt the torques and the speeds,
according to the loads. Moreover if the pinion 62 is large enough and

30 protrudes beyond the circumferential edge 72 of the plate 30, the meshing



assi st the efficiency of the transm ssion of

mechani cal energy fromthe rotor 42 to the pinion 62.
Hence for a particular case of the invention having ,B
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accor reover I the pinion
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circunferential edge 72 of the plate 30, the neshi n%
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substrate 32 as the actuators 38, 40 in order to
ensure matching to the bearing 60 and to the paws; -

anot her varl ant tu

Separ at ef 5ol of fARCls B SolPRY bP et B ARb i pinions 62

t ni grﬁfﬁo fre rﬁﬁrd}ﬁam%ﬂmg&g byzgﬁﬂ?ihedtrmg tlzc-g'DDRtﬁe rr[ailcairmgS(Ghser
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gui deslstarort he bearing 60; - a famly of vari ants i's

formed by the rotors 42 and/or the pinions 62 which

are mcr oamnérafétmnyaﬂ varafetié estmedttieping 68 foltdEby a second

machi ni n g]
photoli ographlc level in the pinion 62 and/or in the rotor 42.

The driving module 13 according to the invention allows increased
20 modularity for adaptation to the load, by allowing the use of pinions 62 of
various diameters, without modifying the rest of the module 13. Thus an
increased modularity is also obtained for the assembly because the
mechanical interface for the connection to the timepiece gear-train 22 is
already present thanks to the presence of the pinion 62, integrated into the

25  driving module 13 and connected in rotation to the micromotor 36.

The pinion 62 can be produced in metal such as brass, with pins
connected pins 66 also produced in metal. The pinion 62 can also be
produced in a single piece with the pins 66 by moulding in plastic material.



15 cutting, EDM LIGA, mcroinjection, etc.) then
assenbled on the plate 30 to the stator; - another
famly of variants is formed by pins 66 fornmed by a
second photolithographic Ieve# in the pinion 62
and/or in the rotor 42. The dr ang nodul e 13
according to the invention allows increased 20
nmodul arity for adaptation to the |oad, by allomﬁng t he
use of pinions 62 of _various dlaneters Wi t

rmdlpﬂ'Wl#élOﬂ ok the-pinio62 iR Plaslg material wﬁhﬁugtagtﬁ pins ' 66 which are
| ncrn%ﬁﬁéq]HﬁMI?(?]béﬂcél\%bfﬂ so obtained for the assenbly

because ani cal interface for the connection
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thanks to resence of the prnion 62, Integrated
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asti C oduction o
pi niradiab@rdes qplpm on theashexft 64 anei takemeg by thecplpient)666
whi ch are noul ded on is al so conceivabl e. According
to the eifhedhafr4 cemprisesna tverrenuasedtion|7d whichFwdbraebwer
the a

f t.h 20l ,
1B, ARERSeiaec sio, By SRIrRS, A Pt AR b BB 2 origgtated
Pret abwavﬁsqheltaplawgecdrgﬂ ltb:ahbm Izaeuawaatgteur&g tlhénlmmghraae of the
I rs ol e ro ce | e S e
" Wat e o ot deietmedials SecHgn ot s i dlaster pugsgantialy
106 cdlial foahe afdriiéter 8f theMirsihdle FatMAl erds lh&ﬁ‘thisr I@éie Ju. The

forces applied on the shaft 64 are taken up dg/
pl atsBaft oePmANRess AR YPRSA Wéarpediate se R o sﬂ'sh hyfesser

148 WYrhdter W}amhé‘ sdv&amem%&.b@tﬁé&m @é&:oﬁ%@tamﬁeh extends

delimts a rst shoul der surface 82 orientated

t owamtasth@ hering 86 Hf thecpiniangt2 i erBer toaguide ityn sefation; (Thergpper
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hol ¢ buﬁlng, $aid fi ixing ring being driven onto the upper end section 88.

20 As the rotational guidance of the rotor 42 is produced by the bearing
60 which is produced by a photolithographic etching process in the same
manner as the first hole 74 which determines the centring of the shaft 64
relative to the bearing 60, very good centring of the shaft 64, of the
pinion 62, of the bearing 60 and of the rotor 42 is obtained.

25 Furthermore, the lower face of the pinion 62 comprises, opposite the
bearing 60, a bulge 94 which prevents the pinion 62 from coming to abut
axially against the rotor 42, in particular in the case of pivoting, which avoids
impairment of the rotor 42,

In Figures 8 and 9 there is represented another advantageous
30 embodiment in which the shaft 64 is mounted in the plate 30 in the manner



shaft conprises an upper internediate section 84 of a
slightly lesser 15 dianeter than the | ower
i nternedi ate adj acent section 80 and whi ch extends
into the boring 86 of the pinigr 62 in order to guide
it inrotation. The upper internediate section 84
delimts, with the upper end section 88, a second
shoul der surface 90 against which a fixing ring 92 is
mai nt ai ned axi ally abuttlég_, said fixing rj
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par t50c ahdrthé rrotdned 2, alﬁewwée beingt alignedwand rceatred dery precisely
d,9 there
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10hi ¢Bsulfie nidralpredide g&dmﬁmﬂcemrmdmanlvamears&le prédueed in a
manner -11- of _a force-fit

el astic fi
ot r (el BIScaoMEh e AP PR, SHEe B4 BRdiRLPBaERCR N ikepRe be
firsbdlteldao 44mickgh.t hi s enbodi ment, the radial forces
applied on the shaft 64 are taken up by the substrate

32 and t rRARHOIELIHYY prdci® Qﬂg’hﬁ‘iérﬁ JnUXthl‘sgcé'ttf ﬁ@tlﬂisepoéb@ole to
5 The elastic fixing structures 96 are forned
%pnly rpﬁtlon

f | exdigpease withdae Qearl%ﬁfé UGl at therreter ty is thendyy
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Centr{a!llabge ?unc?omn& I?)f e gét'u%to% %QUES dTI’uan rétor 42 is then guided by

20 the external axial wall of the shaft 64.

The shaft 64 can finally be fixed in the plate 30 by a complementary
fixing means, for example by welding to the substrate 32 by means of a
welding seam 99 which is represented in Figure 8, or even by glueing.

The problems of friction against the shaft 64 can be resolved by
25 deposition of a solid thin layer on the external axial wall of the shaft 64
which makes it possible to reduce the friction between the parts.

The elastic fixing structures 96 can be chosen in particular from the
examples described and represented in the document CH 695 395 or from
other structures which can ensure precise centring and clamping of the



single piece with the plate 30, since the radia

cl earance can |i kewi se be reduced to 1 mcron. Thanks
to this precise alignnent and this centring, it is
possible to dispense with the1$earing 60 such that
the rotor 42 is then guided in'fotation 15 directly
by the shaft 64. Thus the shaft 64 can guide in
rotation, at the same tinme, the rotor 42 and the
pinion 62. As the shaft 64 is produced by pro
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whi ch makes it possible to reduce the friction between
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Figure 3, the actuators 38, 40 descri be toaet her an

angn@néverawe@t)anghe. Oy'btﬂﬁg?fé@é‘,g'et RE foshsfiver Bparses tralative to
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meshing zone 70 is prowded near to one of the circumferential edges 72 of

the central portion 100.

20 Preferably, the regions 56, 57, 58, 59 are arranged on the central
portion 100, on the opposite side from the meshing zone 70 relative to the

axis 2'z of the rotor 42.

It can be seen that the “V” shape of the driving module 13 has the

advantage of allowing optimisation of the efficiency of the micromotor 36

25 relative to the surface of the plate 30 which is used, and optimisation of the
surface of crystalline or amorphous material which is used in order to
produce the micromotors 36 and the driving modules 13. Hence when the

plate 30 is produced from a silicon wafer 101, as shown schematically in
Figure 10, the “V” shape allows interleaved replication of the plates 30 on

30 the surface of the wafer in order to maximise the number of micromotors 36



The plate 30 conprises a central portion 100 which
carries the 10 rotor 42 and two | ateral portions 102,
104. The exterior contour of the plate 30 corresponds
overall to the intersection of tfwo rectangl es which

t oget her are orthogonal and whi®h formthe two |atera
portions 102, 104, wth a transverse rectangle which
forms the central portion 100, the transverse

rectangl e describing an angle of forty-five degrees
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shape al heusrd { 85! pRY RHHRPhEAASEsdied T MAMEURA, the

on 30 the surface of wafer in order to maxims
t he cagimgd2 \@mschp@mtammtw grigag magluleh? gempses & lawer plate 106
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20 module 13 against the lower plate 106.

The upper face of the lower plate 106 comprises here a hollow or
housing 110 in which the plate 30 of the driving module 13 is received in a
substantially complementary manner.

The cap 108 comprises an open notch 112 in one of its exterior
25 peripheral edges and the pinion 62 is accommodated in this notch 112 after
assembly of the cap 108 on the lower plate 106.

Advantageously, a printed circuit 114 is intercalated between the
lower plate 106 and the cap 108 in order to allow electrical connection of the
micromotor 36, via its pads 56, 57, 58, 59 to the electronic module of the

30 timepiece 10. |



adj acent portions 102 which are aligned. Preferably,
the angl e described by the two actuators 38, 40 is
bet ween ni nety and one hundred and forty degrees. The
greater is the angle, the nnr$ the interl eaving of
the plates 30 on the wafer 100 45 10 optim sed, but

| arge angles require displacing the styli 44, 46 of
the actuators 38, 40 relative to their respective

axes of symmetry A, A2, which inpairs the nechanical |
ef f ect i véaewrgingr to ae amekagiments variant {pot mpresemted). the driving

th i : : _ A
1 5 (fGRRE' Teah, teRRREY iotifon e Hla 6 fnich HialdsAf bEsible
| owdo di$penee 10kh the casiogi tR:dini particular ta eibienise el number of

of CREvRoRe i S3eh I TRERE 102 asfhfly O e iofibfit 27 and n

Sodwréertd rmisimisethe spbtiah rdduirementof theairivingOBeaihe protective

casing 12 conprises . a, protective ¢ 108 .whi ch covers, .
Che SR bR Arer e BhiibR qriing edbisnrs i orditdp Piolett it
pl atedmiddpenfser e by neans of a screw 109, and which
retains the driving 20 nodule 13 agai nst the | ower

pl ate 106. The upper face of the | ower plate 106
conprises here a hollow or housing 110 in which the
plate 30 of the driving nodule 13 is received in a
substantially conpl ementary manner. The cap 108
conprises an open notch 112 in one of its exterior 25
peri pheral edges and the pinion 62 is acconmodated in
this notch 112 after assenbly of the cap 108 on the

| oner plate 106. Advantageously, a printed circuit 114
is intercal ated between the |ower plate 106 and the
cap 108 in order to allow electrical connection of the
m cronotor 36, via its pads 56, 57, 58, 59 to the

el ectronic nodul e of the 30 tinepiece 10. -14-
According to an enbodi nent variant (not represented),
the driving nodule 13 can be nounted directly on the

pl ate 26 which nakes it possible



to dispense with the casing 12, in particular to

m ni mse the nunber of conponents, in order to
facilitate the assenbly of the novenent 27 and in 5
order to minimse the spati al gqU|renent of the
driving neans. A protective elenment can be provided
on the driving nodule 13 in order to protect its
conmponents. -15- CLAIMS 1. Arrangenent for the
mechani cal interfacing of a mcronotor (36) 5 of the
MEMS type with a toothed wheel (28) in which the

m cronotor (36) is produced in the upper |ayer of a
pl at@ AIR® neade of crystalline or anorphous material
and conprises at |least one linear actuator (30, 40)
which drives a rotor (42) in rotation, characterised
inthat a pinion (62), coaxial with the rotor (42)

and arr angedAﬂBﬁ%&nérﬁtﬂ‘of Pl ghedhbfical inferfzengasitsemicramotor (36)
r_otatlon to the

0 f |
658 Mt Becvith Bnatadd mhegl (28 FUwbieh 1S migazoIRg (36) i
( 68)pr@<ﬁ\§i:e'dr]n ‘tl‘il;aﬁpzﬁé?%ﬁr RF 8'hidtE £30) TRENSS éﬂfétﬁlllh@ 8r amorphous

toothed wheel Arrangenent accord to claim
1, dnalesatand g@aprlse&ﬁdeastme lingap actuatoy (é% )i wliigh grives a

pI ur {drt(XZan F&?é‘tﬁirﬂ%a(&@@ns\ﬁ’ﬂ'lﬁ%é‘f S hidh r(BQPt&‘éxnallanth the

angu regu ar nmanner about e axXil
r ot amtom rﬁ4%)rﬁnd arranged abinyeghe sotof G&2), larc@nnmte@nrarotaﬁlqrhto the

0 8471 08) 7 ea, O SERABTSSie O BAchOSE @R 1 o

si ngssogiatedehausing (6Bkampd mi that {heZinion (6Armeshesmwitit the toothed
accordi nig?retgo claim1, characterised in that each 20
pi n I%Pbej received in the associ ated housi ng (68)

th [ f t
o r cunt er én; PEPARHER: v OB BARE fietePantsriapoylp that the
dﬁSirgf‘btf @2) W@?ﬁtﬁlﬁaﬁ@r di mgusings|(@88nwhich are distributed
char ac e I N a e
15 ey 16 giapeviet ranper and i 6n axB i solod ap 1t [t the pins

(60)(66)”ar'éﬂht%§ﬁ§ﬂmﬁtﬂ\'mé Emdﬂxsz).or) and in that the pinion
(62) is provided to abut

3. Arrangement according to claim 1, characterised in that the pins
(66) are produced in a single piece with the pinion (62).

4. Arrangement according to claim 1, characterised in that each
20 pin {66) is received in the associated housing (68) with a radial functioning
clearance and a circumferential functional clearance determined by design.

5. Arrangement according to claim 1, characterised in that the

upper layer (34) of the plate (30) comprises at least one support surface

(60) orientated towards the top and in that the pinion (62) is provided to abut

25 against this surface (60) when an axial force orientated towards the bottom
is applied to the pinion (62).

6. Arrangement according to claim 1, characterised in that the
rotor (42) is guided in rotation by a shaft (64) mounted in the plate (30).



25 against this surface (60) when an axial force
orientated towards the bottom is applied to the

pinion (62). 6. Arrangenent according to claima1l,
characterised in that the rOtié (42) is guided in
rotation by a shaft (64) nmountéd-in the plate (30).

-16- 7. Arrangenent according to claim®,

characterised in that the rotor (42) is guided in
rotation by the sanme shaft (64) as the pinion (62). 8.
Arrangenefit Ataogemen) eesarding fpiclaion s aheeadterised; n that the

t hatm{olpgazgne i(uggsj rﬁu%latﬁ%éﬂéﬁﬁg%fr% i (B0 thbHhion (6.

nmesh Si1 t uat se to an exterior

cir cum‘ er gnt hghnGetént( zgeorc‘lﬂﬁ?ttﬁeclgﬂnﬂt@ drdfacters ed.in that the

A«rangenent accordi ng aracteri se
t hatpllllhr@ 62)om|shogs¢xgnh| thedwhee!r(28hin et mesking ta,onah(éo) situated

ot o ifndt B bRadiaPhods PYbr e 80, 0
h h
tagCEJI‘SI ngsf Aﬂgw%t(g%awégetg’?%g@{i hﬂ?ﬁg{&%rhseed in that the
housoteg (4883 drivefi @n natdtidry by the actuadB)(38,140) bl mepneoéa pawl
For (R REaRLAT 45 PR AR 0BT R oRp Rty Tsfkde to te
gearméstingizdrid)fopf the tinepiece (10) with a

m cronotor (36) of the tinepiece (10).
10 10. Arrangement according to claim 1, characterised in that the

housing (68) is formed by a slot (68).

11. Timepiece (10) comprising an arrangement according to claim 1
for the mechanical interfacing of a wheel (28) of a gear-train (22) of the
timepiece (10) with a micromotor (36) of the timepiece (10).



