-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 relates nore particularly to
a MEMS micronotor formed in a btate nmade 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
precisely in rqtat|on in order to nake [ oOSSlbIe

t he rat cH&e>{THCIOR ! Mo
to forman integrated fixed axle produced at the

same tinme as the rotor and its boring. Such an

exanple i,s described in t docunent. WO 04/

The bor | TsaRiesenaivanten SpEcE Brmisrartigs oy Fﬁqﬁﬁhﬂs type
I Nt el B Iedirtb EMeBREHISd! sttémﬁ%mhantumbﬁea@ rdguigpedutvith this
achi evabl e by deep plasma etching technology terned
éRIE“FB@B%OReaCtlve | on Etching), generally 5 nicrons

for 80 m_crons of thickness. On the other rEI
lateral fINeciNVERteN relates JAorer gagicularly; i@ 1@ ws' Micromotor

i ncrggnsd id B plafe ﬁ'&ade-ﬁ?ebryéiéﬂﬁtﬁlé loP nfdrPBodsPma®s Rl ViR particular
these problens in a sinple and econom cal nmanner.

ar
t hi sbased on sikconnwhiehi comRsisep adewerlaperciosRIBg G sWstratee and an
pf e ﬁb%?hyyer”ﬁ%hgﬁegl Ibﬁg’teopé %’Elﬁal‘l"&reéh& e‘o@he' Fbtérh@,t ettcHSd the

haft 'I's connecte he shar
105 sactpatenidrivin thetroted & mtatmnqbquha@uwr@;aM@ of the
plate, and -2- in that the shaft is clanped and

centred iThet rdomef @nbslegtseaiaticoMEMS gniccomotor, which is ratchet-
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 guided in rotation by the

external axial wall of the shatf: - the external axial
wall of the shaft is provided with a coating which
mnimses the friction with silicon; - the shaft is a
profit-turned netallic axle; - the plate is of the

Si | i FOthaPihé BB 3% Qankpatt and Centrédi6n 119é Glold By nﬁ@ahsiﬁﬂelast:c
with a ratchet toothing and the actuatqr drives

" ot g StHaNEsSWhISh FAIPTogHCeH Qyo%;ﬁhlﬂatlgéhwthf% and which

rat CQPetarranq?'&eod‘ﬂnﬁrcﬁﬂﬁ’rhf&reﬁéﬁwméﬁélea pi ni on which is
coaxial wth the rotor and which is connected in

rotation A&o‘i’aﬂﬁgrt bher @étd’fﬁé‘ﬂﬁth@fm\%rﬁlénm' ch are
received int ots provided in the thickness of the

rotor, angnhkhsoPisiuided if rothfiod By dRdettBriaPhRibl WAl Sbthé RRaft;
shaft; - in addition to the elaStic fixing structures,

a conpl eMBRL Ax¥erhhldisl wdlESthe shall!i® prélgdbd Rith fl eddlitig which
the shaft in the plate, In particular an adhesive or

a weMinimiges thﬁifdﬁﬁlpnmtheﬁ“%"proposes a tinmepi ece which
conprises a gear- 20 train driven in rotation by a

ni cr onot orth®sbath iscd peafibBraghmetalicghdeiof the preceding
features. Ot her features and advant ages of the present

i nvent i orr e Ipjatejspefdpe Sitispa Qn BEIBIPT WS 1 eadi ng the
followi ng detailed description, wth reference t he
nexed d-rtawrg@g 1s,\nroy|¢egrvgtkga\y@ﬁqhgg,to@gw1gjpnd the actuator drlves

non- e rHofdr S pawd viHich Edbpbates with tﬁé %{Eﬁ‘etl is a

sectional view I ch represents schematically a

ti FTEpIt €CE the Qﬁu%ﬁﬁﬁotaﬁe&hﬁhé& B ikiBR Wwisashs eesxial withehe rotor
invention; -
and which IS connected 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 piate, in particular an adhesive

or a weld.

The invention also 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 schematically 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

mcronotor; - Figure 3 is a view from above which
represents schematically the 53driving 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 nodule; -

Figure 5 ipigare enligresbrypitive Nvigw Wh:cme%rtmny represents the
according to the 10 plane 5-5 which represents

schefmavegwnt yf ath‘BdF‘i!QRb?Peon figaireyrT \AWPReE It @ gHng module
Whl Ci&?fnghéiﬁ ra%E g PfcrbRbyi onal assenbly of a pinion

the m cr'onot or about a shaft; -
F' gure 6 'ﬁlgﬁré’ B%" ﬂeﬁr%ﬂo@e%|& réte5éM8 schematically the

according t ane X' X which illustrates the

dbi vidrigngfmadude pf HQ@W%y the rotor by neans of 15

pins; - Figure 7 is a schematic view from above which

i | | ust r at ekigutee 4disi anngrplesied: parspedlivenvisy whéch sriesenys the

MEan gy ﬂ'\g% lglen%f': F%ﬂ{{ 3831’6? gﬁz%@@ﬁ&h ChV&iYeUnRs hisAldriving

section acco |IIustrates

a vamacsute;of the assenbly of the shaft relative to 20
the rotor; Figure 9 is a view from bel ow whi ch

r epr esent sFigoreeBais @al eylarged viewait iaxial jsectien according to the

ru v, h
3Dl S R B a8 el '8 Rl e Uiy mocue
assemhd yvhmcfh :Hugwtes e rotdfiogak asseéMbiysofaa pinen dnceh & rioreof the
V\/nlchre ag)ts scﬁg&tlcallya 25 silicon wafer and
whi cl':f“?rl0 oFa sty anpl e of the arrangement of a
plurality

' G Mt ors on I n Fi .
{i mepi ece "i"@UT 0P el B A Blugy Poliof Scfoting to the
plane X'X which illustrates the driving of the plnlon by the rotor by means of
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 dial418 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
the driving nodule 13 according to the invention, via

a gegf thé dhverdiénC WP drRindP midiule 4@ Bbig BREINGSd Mere inside a
means. The driving nodule 13 is supplied wt

el ecp$iB@2energy by a battery 24. The casing 12, the
driving nodule 13, the gear-train 22 and the
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ing fixed inside the watch casin
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conprising arf 1ntegrated’
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In Fj J

£ rreB?g Cbgatt%by 4. pﬁ'fe ce%g g{ﬂf H@;ﬂﬂgﬁgﬁ%cfdeulgg& tlng gear-train 22 and

r epr e battehy 2)41 anblmhumtbe lexei oy al pladen 26t Aed gegether form the
ain 22 ar ted. The i ¥i.ng nmodul ' -

1 ehoZAmBnt 228k Wg Tinedispe 0, HiE ShfRREC27 Bellxed ipsipe the

wheelvathh @sfsuidiﬂdfgeiﬂcourai the fnovathehh @7vearprisesebtase elesnents

of tFe drivi n%@e dul e 13 ai:cordl n&#o t he %] nvention. an

are r BRDEPR IppPEMgL{aL; AN §ieelrpice Mogulg, SOMRIRING

dri Vin rQ‘l'édL&nQ:uﬁa meh%%oﬁlpﬁbiﬁlg% g0artade pfifted circuit board

crysta i ne or armrphous material, for exanple

sili€6n, conprising a | ower |ayer which forns a
substrate 32 and an upper_ |l ayer 34 in

h a. , .
i cronot dP BBV 2 17 PEB RE/S MRyement @r?ooét@%ttmeplece 10, in
Mechgatie@br P&3i1818)246, s Riprdsafhted! BA which 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.

20 The various elements of the driving module 13 according to the

invention are represented in more detail in Figures 3 to 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

25 MEMS type (Micro Electro Mechanical System) is efched. 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 direction Al, A2 parallel to
the plane of the plate 30. EachS5stylus 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 Oprcfideld) oRfitdGFeet éndlMithea phwi #8,F 58 @hicBns provided to cooperate
sequent i al , each stylus 44, 46 exte
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parts. Preferably, a first actuator 38 conprises a

thrust papfer v\f*‘%blgngaéh SBAE4, 46 Rinas fAfbwA dmma A1, A2

traction pa actuator 38, 40 is o
ef ecwhisht auts the 9§ﬁ@cwt¢d1 aphhratqrcﬁﬂg #0da twe m@laﬁwmetncal parts.

d | gt
ggohgfeggra% %toﬁ&? %ﬁdaﬂ(g[ PI con dé%gﬁnsu at oég'(l Ié‘earﬂyges%cond
and ecuptor décompriees k tiastien pawleP. 32 of the silicon

substrate, an internediate | ayer 54 of silicon oxide
and an ul}';m‘r acwptyr 38 4Bde off thei plesisestatic dypeewilhy interdigited

. o0 0, iy e o
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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 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.

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 conmb. An enbodi nent
using an S plate is describedéwith reference to
Figures 7Ato 7D in the docunent nentioned above.
Accordi ng to an advant ageous enbodi nent, each act uator
38, 40 is associated with a passive paw 49, 51, the

rat Chpliatsd Fedweewithaihédhing zobe F0 tanat B RREHENEY die of the
meshi ng zone 70 and the ratcheting zaone

of the . .
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order to ensure precise angul ar positioni ngé in
par t Petictler im theneourss) pE theoriving: paasesi whepBe ether \auls 48, 50

the gtdgenBayys 48, 50 5 are displaced. According to
tEe er%ogﬁ)mant represented in Figures 3 to 7, the

rotor 42 Aéccﬂél‘ii'lgetg_ ) ém%éHiHéHt ﬁb%&@néﬁaﬁ PguRss Which, the
is integrated or inserted, produced at the Same tinme
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and $0villmfurrctios welllif theycawnt vesp tardiential ddueser whigh isfsignificantly
possi bl urses With qujdance of the styli 44 . 46 b :
ter | BiEaeIdhan s glaase - LhdwRpal aetween 20, andk 1oy miggns. This
r Ot OBorfigsponds @ kg8 (bftpdsBibl CoWSedRithguRiade ot the styli 44,
siml to_a crank. The pinion 62 situated just above
the PPy CeASCHNg PEass M0t SHPWR-t he 1 atter and it is
gui ded by_a centra} shaft 64,

Kot ded e i dt 68 PHIrA? s s o pring 62 by & system
68 ofindilaetd 8lcPanid The fABh B2 SiliatdERIsAAEGR the_Btdh42 is coaxial
cl _rot, cl _pi are provided between the various . .
with thelatter and it is guided by a central shaft 64. The pinion 62 is

provided with pins 66 which are engaged in the slots 68 of the rotor 42.
Operating clearances cl_pin, cl_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.



A
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 rotor7-42 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 |l evel of the rotor 42 but by the gui dance

of the pi mhemifén bF is proviledfih ofdbr to hieshekith thetihput wheel 28 of
m cr ogmanuf act ured el enents . of the g@cron{)tor 36  ar
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is slf¢|gm6t;atgeemt@60tlmme mh%hlng)f!omméorotor 42 in order
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2@ne 70. oorder tor sikaplify dhes dimgrar pf Figsirel 7 ag retar 62 isTiegiasented,
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repr esant an tdiglamohith tht &igixsen 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, |_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 leve! 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

judi cious choice of all the paraneters {a, ,B, j_rot,
j _pi, j_group) for the given radi- 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

par t itsrduar He@@ferothet SiIRcontdMERAL fribtiorN BV sdiflewlat-urftavourdble, with
the clearances are well adjusted, the efficiency 25

for &rsyietierrelficiRniSARPrOAChNILbAr oaches 85% whi ch
i mproves the efficiency relative tg a case where
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d be in orm of | ateral ilicon-silicon
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substrate ecause o 1 vot
Howe v theraait isi simplifieds iand mmdm\rlmmodnlei 153 g@h’emaﬁembled on the

unf ag)ggg%a%e(?f Wtﬁe'% tlrﬁé locd 24d CircOgf Fn'oF!hf%Pt ﬁ'lannEréS i.e, without

appr i Ng ransm ssion solution nma
possidtﬂnmarﬂlgmlneatssemldm thédriveli wheele?8.of t he pinion 62

in order to adapt the torques and the speeds, 5

décor di ngAccortling tb vadaus Wisiaetsver if the pinion 62 is

| ar ge enough and protrudes beyond the circunferenti al

edge 72 of theheotpt #2eis3Micromanutasturag invplacehanduen ite same

b 25 A BRSO o e

mannéearimg 60 and tdthet pavds;smant | i ng/ reassenbl i ng t he
driven wheel 28. 10 According to various variants: -
t he rot or- dfother var@nt campfiaed orapdfacturiigas eptoad@ sepatdiely, on

IR00ine SRR MG S0 AnsthEr Aten B ot elog el Rt on
anot key pleaé i3Nbr GRIPY I THES alowsifesductiog ia thetradialt 2learance if

separately, on . . .
P deswedy in the case 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 assembly 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
in the case where the rotor is guided by the bearing
60; - a famly of variants is f-®-nmed by the rotors 42
and/ or the pinions 62 which are m cromanufactured by
net hods ot her than DRI E nmachining (laser 20 cutting,
EDM LIGA, microinjection, etc.) then assenbled on the
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al so t GAilch
"t o f AR br ] pihBR AR PRINY SRR MELS B0 Gl are
gear Mmouded @2isi alse eencgivabledy present thanks to the
presence of the pinion 62, integrated into the

drivi ng nBdegréing3toathe erobosipeRidrepresentes Inopartieulahin Figures 4
o 2B Pind s K FoB0H 8P wRPpifRR O£isNoRALERY o SopRcbnart o4

such rass, connect ed
A0 od ot chfrprcriﬂttalrned'fhetabwhlcbns meuemmm e bete :51) through a first

prodcd nasmg]e t he

roul W7 P el Efuble' B i PhBh 87erfka ipio,p poone

62 i hofel mprouuﬁlaaei naplatei 106 ofthal d:asmgorlnsln(iﬁlsvwmbbdlmeet the
ni1s al SO, CO Cel
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Whi Clihténddigter §6sliohn8®, Helmind at ﬁrﬁosﬁdﬂ.lldwgﬁurfacfel thonentated
hol e 74 produced in the substrate

dri viayargds dhe tQr @A commpg do ﬁ@ubraes@ﬁx @@amt éhepﬂoaﬂ(%r fagg of the
of t BRit€ 39l Nhelidwel MntbAh&diSEDLLIBRNE0 hbHS 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 80 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 shoul der surface 82
orientated towards the top andl@em ng to abut axially
against the lower face of the plate 30. The | ower

i nternedi ate section 80 has a dianeter substantially
equal to the dianeter of the first hole 74 and extends

i nto thi sFhAh&nTdte, thegowshiake wmaopmmss:aaomp@ﬁs opposite the
internmedi ate section 84 of a slightly |esser

di ambEaANG (68 3t PHITF SASWNIEH PEPVRBIS Hteeplgmnaé%ﬁ{png gemingnto abut
80 arashaw 'a@Q:n@f%%rl'Bfi:r 42N R GH megca%@ & pivdilifig PivAICR Bvoids

62 in order to guide it in rotation. The upper
i nt erMeadimaeet ofdoe rdar 44 delinits, with the upper end
section 88, a second shoul der surface 90 agai nst
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end SeCtI on e rotati ona ance of
r ot orof 42 fbrs;:epfﬂobwmrwd redastieafixing stwtum$c96 ipsovided in the
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ame nanner er i nes
c ent rpplieddn tthe skafh By ﬁ’é takeﬂ ap ibyethe subbizatibedft amg tieoefore by

ry,qood cent.rin shaft 64, of the pinion 62,
\é tﬁge %83‘?? "%5%%\'%8@& he rotor 42 is obtained.
-10- Furt f
conpri ses! g5t fi i Uiles 86 S orkiaf g b et piaces 98
prevesich ahe feinmed by6Rhbgraphy dmithg rear dacd of ake glate 30. The
agaln t the rqtor_ 42 tlcula in,the case
o1 v o gt R o o feo Rilel et e o &SrbSRadbe pawis 46,
I n FisQuams tife abtbrUz, hlmeen.d,es beipgr sigpededndrughtred very precisely

advant ageous  enbodi n whi ch t he haf 64 is
Tounfeiatieriorthe lihograp hE 988 gk (5670r IG5 teR d;aicrqn)yand the

by Mg i9Mmdrb pRddige éun&érﬂﬁ &rid SERRrH aﬂ@vlwéﬁ/a)ﬂ@ rddﬂjced ina
the substrate 32 around the first hole 74. In t

enmbodingienpiece rwith e plate 8P csigee awra@af ggaranse sqaaf ltkemse be
are t&{RBygY® 1 Nictdie substrate 32 and therefore by

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 64. 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-

turning, 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 |Ilithography of the front
face, for the upper |ayer 34 cohprising the paw s 48,
50 and the rotor 42, |likew se being aligned and
centred very precisely 15 relative to the |ithography
of the rear face (error less then 1 micron) and the

result i STl@f;ﬁolﬂéﬁ\@ éfefrﬂztlbrﬁiaig@ﬁhsﬁmﬁb %ﬂéﬂrﬁm@ahlﬁﬂwwddm by
an axl eﬂgroduced in a sin

iece with the t
si nc&eppsition, af & se!udeﬁvraﬂﬂy@?’&anﬁ‘ﬁ. edefnek agig! waﬁa%c;@a shgft 64
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rotation directly by the shaft Thus the s

can @aaraeleﬁrdqssﬁ%&d éﬂd r%nreﬁerme% me qqqyment rﬁ?é* !585 81954?2 from
and bﬁ%r@tﬁdcﬂﬂe@%vvu]&? c'éh es | :[Jr&ﬁ*sé %eﬁlhﬁﬁ“é&ﬁijcﬁhplng of the

profil- turnin ossi bl e bt ai n
very shafirBé e Wamiataciim ﬁﬁrn@(armnie étraﬁuw fogmed by flsxibte tamgues
asse SRt ai ned, which ensures in particular 25

relia }‘ Functlonl ng of the actuators 38, 40. The

r ot or e terﬂggaﬁl I alg f

t he shaftA%Vﬁn?%}eoq'gl@ %%Idggﬂsfl ?rﬁ]al I i xe In tﬁ'e
pDat ect’uetdnq3a %dpS@mmgetyler Bnydngle nbamoxmnewmga%s, the
by ' | di
svanpsgeithot i 8% $A5shaiaidh e HERIRg on8 79U Man the
gl ueirrig.of-rbtatiof ez pf ¢ ester 62 such dhatotheadyaiime madoke 13 has a
shaft_ 64 resal ved by depositi an . of a,soli hi
ayebetiral e SaperRAFY B PEinerERy T SfiAESt. iy gLiegy tné Widle 30,
whi cthigedftéur beif@optiisedt o reduce the friction between
the parts. The elastic fixing structures 96 can be

¢5losen i mrwrmégé U$@rc|§ﬁﬂpgme§h@ ceﬁtremgnlogg1deam?|b|bechrries the
sented in t ocune 5 or fro
ot hefog ‘}e%@PGrQ@ ViRie 3@?@1 ? i]"@ee’g%rﬂﬁrr? our,gf the

cl anpiafg3®fcotri@8ponds 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 describe together an angl e of
approx. ninety degrees, the bibkkctor 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 nodul e 13 has a general "V' shape which is

def i meldtiveytat the sexfaese obthecuatecidr wachtiin as@d, and Gdimisationgof the
cont%u ris

cont et of sfRalEE il ambmapliE Bl Which I s g orcer to
t\llqvo Ipa?c&melthemmt:nomtitof}sO? aff4he liilhangxhﬁtulw 18.0HEncy whkn the
t he a onds overa e intersection

of t FIF'S D1 RIPRLSER O & OG0 ReAferarel it Hh e ematcaly i
WBi clFigups Mot e twiosHapleediRlwsPiftekieavsd Adphcatididof the |:§I£\te§ 30 on
transverse rectangl e which forns the central portio

100, 'i%%“@?etqfé?%\ﬂéfeié” peder o praxirgise dhe Rempensf 'awg?reotors 36
of T @biaied f¥sin @aV&EESilicoH fRirfae. hDar®fdr, &cordifg id\’ﬂﬁe example

ot her rectangles. The mmjor part of the surface of
eachreqrasetied inpigurenl piedes 39 @Rchpias@nggd an the wafer in

g?t ?%&%ﬁle?’@olurﬁﬁs Wihe Fnangr H‘f"bl%vror@rhgo QRoifries BHI CRGE which

e central portlon I'S OoCcupl e t he rotor
49, wree adigseni h@nqmﬁ@nmecusm rblne)@pdesitendlaecﬂpa Gehefmore, two

t he I €S f tar :
por ¢ PREHT RS 38 or ipCagce cantiind £, “GH Byve their latera
are adjlaaelgmrtmnstm whioh aed alignedt i on 100, on the

opposite side fromthe neshing zone 70 relative to the
axis z'z Weferaplyr dhe@rantfle descded by feertwo hattuatoss 38, 40 is

or“SFpBleehi o) 10 arPoffed Byl fesrife ST Thaser s e
b cr an@epme’s@nerézther Rita‘ls'awmgt of tie phated B0 onf thicheafer 100 is
plate 30. whi s used at.i on

P Geispl. P 1ared; Bhoiss "BelPs rB05Hng uBL biliraan 4 of the

usedattoatersi8s, 4Mrelative to their respective axes of symmetry A1, A2, which
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 106, here by means of a screw 108, 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 replication of the plates

30 on the surface of the wafer!?n order to maxinmise

the nunber of mcronotors 36 obtained froma given
silicon surface. In particular, according to the

exanple represented in Figure 10, the plates 30 can

be arrangdéiecsap mes8 waieprisen arpapean Insitchc N Zrimsorienof lite exterior
mann n?E%r%P Sg{;é)sngnd h\goplﬁl% lé'mg a((,:gom %E%te\ﬁgﬁ ‘f'lns ﬁgtcﬂrﬁ 2 after
adj acen el ng - orien I'nthe opposrte direction.

Furt fessembly, of thecamd& o ithe phar pat8O0Bf two adj acent
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102 whi chAdvantageaushd.a Fpriatezdr aiouit 1t|hesan@|r<mlaiedcluéthredn the
by t actat or is bet [ and
inar Syt B ige e g #Bn08 1 Brost B8 W pBeRbl ccpecflivof the
angl enictdneoto8®, vid dtsi pedsr $63 287, 158, 6D tbithe pliedtrenic3Modole of the
t he Wafer 100, is optim sed, but large angles require

di spl"qEPfEe e styli 44, 46 of the actuators 38, 40

relative eir. respective axes. of metry A, A2, . .
whi oh | nbgprdioe fRnhdiEe sty  Geh Rt tad) e driving
act Uartcﬂﬁﬂ:‘e $§ cadt Be rMeEnedidigctyoon e Sateozs wai&h makes it possible

ise&se in the Flcgﬂres the 20 casing
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the tinmepiece 10, here on the plate

nove REHRT 10 Migimisrthe spatiabrayirempet @frth@quﬂglnﬂﬂﬂﬂﬂi@ Fgprotective
NMDOUN R éahebé Y&liddd 8h Elh&Qfglénn;Qh |r}8rci1er to protect its
conprises a prot ctlve cap 1 covers

dri vica@rapenise 13 which is fixed on the | ower 25 plate
106, here by neans of a screw 109, and which retains

the 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 |l ower plate 106. Advantageously, a
printed circuit 114 is intercatdted 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 whi es it possible 10
to di spense with the casing Mﬁ particular to

m nim se the nunber of conponents, in order to
facilitate the assenbly of the movement 27 and in

der t t t
o et RS 3L 2oe] SREEN o2 hidb ) ace o
ord t hooystalling rog amoodpheoud 3naterisl; derparbcyparobasad ionssilicon, which
to
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by neans of e astic fixin uct ur es are
prodd®d by etching in the

15 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-turned 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 the external axial wall

of the shaft (64). 3. Mcronotod3¢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. 20 4.

M cr onot or 7( 3Mlicramotur dB6Y atcordingi tm dlaint Harchataeterized innthat it
that the .shaft. (64).4.s .a profil-turned netalljc axle,. .
5. MACRRSERE Pl 1620 Yl pomi bl e Enidh i) s Wicn s
in thﬁgnédﬂed iﬁ'r@taﬁoﬁagéthésrotﬁr %41_293 b¥i lnbgﬁ@_o@blmmm)ambh are
type. 6.. M crqnpt ccording to claim1, ,
char d‘c‘:?'é\’ﬁ% E‘osci?ﬁ (ghhémt’?ﬁ’&g B dhe gy e?%?k thegrofgr g2k @gd in that
Wist h the pic@R) IsQRiiddd 8l raadon By thPéhdfh@4Rct uat or (38,

40) drives the rotor (42) by neans of a pawl (48, 50)

whi ch cooper arfFombiol (861eacdordifg Qb -clair®t, dhardétensddinOthat, in
(36) according to claim1, characterised in that it

C g -l ai .
c orrpﬁdgé@“ do sheyelastic dzing\aiustires (Y aicamplgroentaryefixing means
r ot or Al [ i tiaty i
ot or PAFAJdeRTer N heshar 8R0S Blake (303, A oRRuP o Fesive
in slob@swgleg) provided in the thickness of the rotor
(]42), and in that 5 the pinion (62) is guided in
A8t ati on bf- t Hgepiaeet(10b4pmpgsingla gednlrair (28k)vhich is driven in
accorgi | ' paqthat, in
addi tr?%ﬂ&g g%@eﬁ‘eﬁé?ﬁog |)>%%%glrdisq§ﬁ§cc{|£u?1e£ (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.



