-1- MEMS micronotor and timnmepiece equipped with this
m cronotor The present invention relates to a

m cronotor of the MEMS type (Mcro Electro Mechani cal
Systen) and a tinepiece equipped with this 5

m cronotor. The invention reIaHgs nore particularly to
a MEMS nmicronotor forned in a plate made of
crystalline or anorphous nmaterial, in particular
based on silicon, which conprises a |ower |ayer
formng a substrate, and an upper l|layer in which at

| east one actuator and one rotor is etched, the 10
actuator driving the rotor in rotation about a
cylindrical shaft. The rotor of an electrostatic MEMS
m cronotor, which is ratchet- driven, nust be guided
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the ratchets O Work correctly. standard nanner 1s
to forman integrated fixed axle, produced at the
same tinme as the rotor and its boring. Such an 15
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The borlng axis radial clearance of a rotor with an
i nt dyticrecklegite Meehanieal $usteral andhadirepies SaKipREE Uwith this

%&hgﬁ'}é@ opy deep plasma etching technol ogy termned
I eactive lon Etching), generally 5 mcrons
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thi s en roposes a m cronot or
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driven, must be guided precisely in rotation in order to make it possible for
the ratchets to work correctly. A standard manner is to form an integrated
fixed axle, produced at the same time as the rotor and its boring. Such an
15 example is described in the document WO 2004/081695.

The boring-axis radial clearance of a rotor with an integrated axle
cannot be less than the minimum cut achievable by deep plasma etching
technology termed DRIE (Deep Reactive lon Etching), generally 5 microns
for 80 microns of thickness. On the other hand, the lateral friction of silicon

20 on silicon is increased (v = 0.4).

The invention aims to resolve these problems in a simple and

economical manner.

To this end, the invention proposes a micromotor of the previously
mentioned type, characterised in that the shaft is connected to the plate, in
25 that the shaft is stepped and extends axially through a hole of the plate, and



fixing structures which are produced by etching in the
substrate and which are arranged on the circunference
of the hole. According to other features of the
invention: 5 - the rotor is gui,ded in rotation by the

external axial wall of the shaft; - the external axial
wall of the shaft is provided with a coating which
mninmses the friction with silicon; - the shaft is a

profil-turned netallic axle; - the plate,is of the )
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Wi t hixmgramaﬁﬁés Whthharehradgcdd sy achingtiarthélsulStfate tahe@ which
rotor By neans of a pawl which cooperates with the

r at @R afrangechen HecgisHateenedabled®le-a pinion which is
coaxial with the rotor and which is connected in

r ot at i onAPePrding tp other featunes oh thedpvention: whi ch are

received in the slots provided in the thickness of the
Pot or, anthetmaior s elided Inyotatign dyithe extemal griat wah obijeshat,
shaft; in addition to the elastic fixi ng structures, a.
conpl ementhgr§xteng| agal walhakthesshaftdsirieided witha,coaiingphich

shafihinriisédMheRticioRwilij il cul ar an adhesive or a
wel d. The 1 nvention al so proposes a tinmepiece which

conpri sesya GRflis afoflltdhBd HdtIfdaxig; rotation by a
m cronot or produced according to one of the preceding

feat ures. et d1ste i€ 8AtErAfconh fiuRNdragss of the present
invention will appear nore clearly upon reading the
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annexed draw ngs which are given b%/ vva%/ of
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sectional view which represents schematically a |

ti mepi ecether GifTematos copmtisAY & BiniaRewhieh dficrgsiabwith Hae rotor

| NVeRl iiich i3gonnected in rotation to the rotor by means of pins which are
received in the slots provided in the thickness of the rotor, and the pinion is

15 guided in rotation by the shaft,

- in addition to the elastic fixing structures, a complementary fixing
means is provided for fixing the shaft in the plate, in particular an adhesive
or a weld.

The invention aiso proposes a timepiece which comprises a gear-
20  train driven in rotation by a micromotor produced according to one of the
preceding features.

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

25 and in which:

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



- 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 cromotor; - Figure 3 is a vigw from above which
represents schematically the drivi ng nodul e of
Figure 2; - Figure 4 is an expl oded perspective view

whi ch represents the driving nodule of Figure 2 and
the casing which surrounds this driving
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whi thcrcﬁrmtesﬁdmasshbﬂnatl cally a 25 silicon wafer and
which illustrates an exanpl e of the arrangenent of a
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15 pins;

- Figure 7 is a schematic view from above which illustrates the driving

of the pinion by the rotor by means of pins;

- 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

20 the rotor;

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

- Figure 10 is a view from above which represents schematically a
25 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
a wristwatch equipped with a driving module 13 according to the teachings



a wristwatch equipped with a driving nodule 13
according to the teachings -4- of the invention, the
driving nodul e 13 being arranged here inside a casing
12. The tinmepiece 10 conprises ,a watch casing 14
closed by a crystal 16, a dial 18 and anal ogi ca

di spl ay neans here conprising hands 20. The 5 hands
20 are provided in order to be driven in rotation by

t he dr|V|ng nmodul e 13 according to the invention, via
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el ectriCal energy by a battery 24. The casing 12, the
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m cr onot or of the 25 MEMS type (Mcro Electro

Mec tRarticeiar oy pleée6,i is represgrded, apewhich the casing 12 and the gear-
train 22 are mounted.

The driving module 13 is intended to mesh with a timepiece wheel,
termed input wheel 28 of the gear-train 22.

The various elements of the driving module 13 according to the
invention are represented in more detail in Figures 310 7.

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 rotate a rotor
42 which is etched in the upper layer 34.

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




m cronotor 36 is forned here by two actuators 38, 40
which rotate a rotor 42 which is etched in the upper
| ayer 34. Each actuator 38, 40 conprises a stylus 44,
46, noveable followng a di reﬁti on Al, A2 parallel to
the plane of the plate 30. Each stylus 44, 46 is -5-
provided, on its free end, with a pawl 48, 50 which is
provi ded to cooperate w th a ratchet toothing52

provided on the exterior circunferential edge of the
r ot droviged, prgfsdiee ead.avith e pewl A, $Qwhiahd provided to cooperate
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A micromotor comprising electrostatic actuators formed in a silicon
plate is described and represented for example in the document
20 WO 2004/081695, incorporated here by reference. In this document, the
motor is produced by etching in a silicon layer. It comprises a toothed
driving wheel and actuating fingers which cooperate with the teeth of the
wheel in order to rotate it. Each actuating finger is standing together with a
moveable comb which is displaced relative to a fixed comb as a function of

25 avoltage 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.

According to an advantageous embodiment, each actuator 38, 40 is
associated with a passive pawl 49, 51, the ratcheting zone of which is



wheel in order to rotate it. Each actuating finger is
standi ng together with a noveable conb which is

di spl aced relative to a fixed conb as a function of

25 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 nentioned above.
Accordi ng to an advant ageous enbodi nent, each actuator
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therotyor 421|€g; congaI i Zthelatter and it is
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provided with pins 66 which are engaged in the slots 68 of the rotor 42.
Operating ciearances c¢l_pin, ¢l_rot, cl_pi are provided between the various

20 elements of the rotor 42 and of the pinion 62 as represented in the diagram
of Figure 7. Thus rotor 42 and pinion 62 are coupled angularly but
independent laterally: the clearances in the plane xy are taken up by the
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

25 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
of impacts for example.



20 el enents of the rotor 42 and of the pinion 62 as
represented in the diagram of Figure 7. Thus rotor 42
and pinion 62 are coupled angularly but independent
|aterally: the clearances in the plane xy are taken up
by the bearing 60 for the rotdr 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 25 | evel .of the rotor 42 but bg t he |dan?§
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48, forrrsananle,BV\/lt the axis x'

reprf@rg@s“ag angle ghith, thet axis g ef represents the angle at a given
moment, between the radius passing through the pin 66 which abuts, in

engagement, against the edge of its slot 68, and the axis x'x (Figure 7).

20 Then, a judicious choice of all the parameters {a, B, j_rot,
j_pi, j_group} for the given radii of pinion 62, rotor 42 and the circle of
pins 66 will assist the efficiency of the transmission of mechanical energy
from the rotor 42 to the pinion 62. Hence for a particular case of the
invention having g = 45°, if the clearances are well adjusted, the efficiency

25 for a system with four 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 friction at the level of the bearing 60, and vertical between the
circumference of the rotor 42 and the substrate 32 because of the pivoting



nonment, between the radius passing through the pin 66
whi ch abuts, in engagenent, against the edge of its
slot 68, and the axis x'x (Figure 7). 20 Then, a

judicious choice of all the pargnmeters {a, Q j_rot,
j_pi, j_group) for the given radii of pinion 62, rotor
42 and the circle of pins 66 will assist the

ef ficiency of the transm ssion of nechanical energy
fromthe rotor 42 to the pinion 62, Hence for a .
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sepajedired ¥ th%rbase where the rotor is guided by the bearing 60;

- a family of variants is formed by the rotors 42 and/or the pinions 62

which are micromanufactured by methods other than DRIE machining (laser

20 cutting, EDM, LIGA, microinjection, etc.} then assembled on the plate 30 to
the stator;

- another family of variants is formed by pins 66 formed by a second
photolithographic level in the pinion 62 and/or in the rotor 42.

The driving module 13 according to the invention allows increased

25 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 asserhbly because the
mechanical interface for the connection to the timepiece gear-train 22 is



15 the sane wafer or on another wafer, this rotor 42
bei ng then assenbled on the plate 30 or stator. This
allows a reduction in the radial clearance if desired
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10
of thtecH i Hp mverunte(rneglam%qone&ﬁ hag 1 diameter substantially
equal to the diameter of the first hole 74 and extends into this hole 74. The

shaft comprises an upper intermediate section 84 of a slightly lesser
20 diameter than the lower intermediate adjacent section 8Q and which extends
into the boring 86 of the pinion 62 in order to guide it in rotation. The upper
intermediate section 84 delimits, with the upper end section 88, a second
shoulder surface 90 against which a fixing ring 92 is maintained axially
abutting, said fixing ring being driven onto the upper end section 88.

25 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.



radi al forces applied on the shaft 64 are taken up by
the plate 106. The shaft 64 conprises a | ower end
section 78 which, with a lower 15 internediate
section 80, delimts a first SE ul der surface 82
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Thanks to this precise alignment and this centring, it is possible to

20 dispense with the bearing 60 such that the rotor 42 is then guided in rotation

directly by the shaft 84. Thus the shaft 64 can guide in rotation, at the same

time, the rotor 42 and the pinion 62. As the shaft 64 is produced by profil-

tuming, which makes it possible to obtain very limited manufacturing

tolerances, a very precise assembly is obtained, which ensures in particular

25 reliable functioning of the actuators 38, 40. The rotor 42 is then guided by
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.



10 the elastic fixing structures 96. The el astic
fixing structures 96 are fornmed here by flexible

bl ades 98 which are fornmed by |ithography in the rear
face of the plate 30. The |ithography of the front
face, for the upper |layer 34 éégprising the pawl s 48,
50 and the rotor 42, |likew se being aligned and
centred very precisely 15 relative to the Iithography
of the rear face (error less then 1 mcron) and th
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ot her structures which can ensure precise centring and

cl arjeteplororregponds overall to the intersection of two rectangles which
together are orthogonal and which form the two lateral portions 102, 104,
with a transverse rectangle which forms the central portion 100, the

20 transverse rectangle describing an angle of forty-five degrees relative to
each of the two other rectangles. The major part of the surface of each
lateral portion 102, 104 is occupied by an actuator 38, 40 whilst the major
part of the surface of the central portion 100 is occupied by the rotor 42. The
meshing zone 70 is provided near to one of the circumferential edges 72 of

25 the central portion 100.

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 z'z of the rotor 42.

It can be seen that the “V” shape of the driving module 13 has the
30 advantage of allowing optimisation of the efficiency of the micromotor 36



shaft 64 on the plate 30, for exanple structures
formed by flexible tongues wth free ends.

Advant ageously, considering in particular Figure 3,
the 10 actuators 38, 40 descrlge t oget her an angl e of
approx. ninety degrees, the 6| ector of this angle
passi ng through the nmeshing zone 70 and through the
axis of rotation z'z of the rotor 42 such that the
driving nodule 13 has a %ene ral . "V' shape which
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impairs the mechanical effectiveness of the actuators 38, 40.

According to the embodiment represented in the Figures, the

20  casing 12 which contains the driving module 13 comprises a lower plate 106

provided in order to be fixed on an element of the timepiece 10, here on the

plate 12 of the movement, and the plate 30 of the driving module 13 is

mounted on the lower plate 106. The casing 12 comprises a protective

cap 108 which covers the driving module 13 which is fixed on the lower

25 plate 1086, here by means of a screw 109, and which retains the driving
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.



produce the mcronmotors 36 and the driving nodul es 13.
Hence when the plate 30 is produced froma silicon
waf er 101, as shown schematically in 5 Figure 10, the
"V' shape allows interleaved r glication of the plates
30 on the surface of the wafer“in order to nmaxim se
the nunber of mcronotors 36 obtained froma given
silicon surface. In particular, according to the

exanple _represented in Figure 10, the plates 30 _can .
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106, here by neans of a screw 109, and which retains

e driving nodule 13 against the | ower plate 106.
The upper face of the |ower plate 106 conprises here a
hol I ow or housing 110 in which the plate 30 of the
driving nodule 13 is received in a substantially
conpl enentary manner.



-13- The cap 108 conprises an open notch 112 in one of
its exterior peripheral edges and the pinion 62 is
accommodated in this notch 112 after assenbly of the
cap 108 on the | ower plate 106.,Advantageously, a
printed circuit 114 is intercalated between the 5

| ower plate 106 and the cap 108 in order to allow

el ectrical connection of the micronmpotor 36, viaits
pads 56, 57, 58, 59 to the el ectronic nodule of the

ti mepi ece 10. According to an enbodi ment variant (not
represented), the driving nodule 13 can be nounted
directly on the plate 26 whigUaImskes it possible 10
to dispense with the casing 12, in particular to

m nim se the nunber of conponents, in order to
facilitate the assenbly of the novenent 27 and in
order to nMinMHEMS miveompiari (36) r;&qdlucreﬁrm'nta qoiatehE’aO) made of
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OI‘gggns of elastic fixing structures (96) which are
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2. Micromotor (36) according to claim 1, characterised in that the
rotor (42) is guided in rotation by the external axial wall of the shaft (64).

3. Micromotor (36) according to claim 1, characterised in that the
external axial wall of the shaft (64) is provided with a coating which

minimises the friction with the silicon.

20 4. Micromotor (36) according to claim 1, characterised in that the
shaft (64) is a profil-tumed metallic axle.

5. Micromotor (36) according to claim 1, characterised in that the
plate (30) is of the Silicon On Insulator type.

6. Micromotor (36) according to claim 1, characterised in that the
25  rotor (42) is provided with a ratchet toothing and in that the actuator (38, 40)
drives the rotor (42) by means of a pawl (48, 50) which cooperates with the

ratchet.



substrate (32) and which are arranged on the
circunference of the hole (74). 15 2. Mcronotor (36)
according to claim1, characterised in that the rotor
(42) is guided in rotation by g][_)te external axial wall

of the shaft (64). 3. Mcronof (36) according to
claim1, characterised in that the external axial
wal | of the shaft (64) is provided with a coating
which mnimses the friction with the silicon.
M cr onot orf - ( Bigrometas(36h gceerdgatonslaim dh&hatﬁ%?fl%édnltﬁat it
that | t

\emiBisct 32 bnige (6) vinich ¥ Eotial WS RIGE42) arthicn is
| n tdeanected mpbmuen(@ogheu @tarf (@h@yaﬂeans)rof @ing (BA}l whish are

chareRiyed IrEHBIEY6R] plodfte i 88 Hikhel gl didkc42), and in that
Vi t htha pinidre (62) ist quodéd ingotatidn by thénslaft (8d).act uat or (38,

40) drives the rotor (42) by neans of a pawl (48, 50)
whi ch cooper Migematdri(36heccardingetclaim 15ctaradiedseashin that, in

CompdHED @ BF e Bid deiSh FRo R RpoiehiaRhpitg means
r ot ds ptevidedafodfixihg tHe steaft (69Ninehé plite (B0)0ihaartiuldr @ntdubesive
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addition to the elastic fixing structures (96) a

conplenmentary fixing neans is provided for fixing the
shaft (64) in the plate (30), in particular an
adhesive or a weld. 10 9. Tinepiece (10) conprising a
gear-train (22) which is driven in rotation by the

m cronotor (36) according to claiml.



