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1 ELECTROSTATI C MOTOR | NCLUDI NG AN ACTUATOR FI ELD OF
THE | NVENTI ON The present invention generally concerns
an electrostatic nmotor for incorporation, in
particular, in a tinmepiece to drive the novenent
thereof. The invention concerns, nore specifically,
an electrostatic notor including 5 an electrostatic
actuator, for exanple of the type with interdigited
conbs. BACKGROUND OF THE | NVENTI ON There is known in
the prior art, in particular from W0 Patent No.

2004/ 081695, |ncorporated herein by reference, a

m cr o- not e

document, EhECEREBTATIC M IREIpINGAR AcTUATOR
| ayer. It includes a toothed drive wheel and actuating
fingers, which cooperate wth the teeth of the whee

to cause it to rotate. Each actuathhﬁ_&hpger i's

secured in novement AR GodiHE INY ch noves

relative to a fixed conmb as a function of a volt
V. 15 ITrHIGePEﬁSQm dventien generaty cengernsnar &lsfri@saaf@ motor for

Succgd}gsm?. rcal;fa%c4| w.npfwdepr@@w'mb tﬁstrﬁ.%béﬁam thereof,

hes re not
0 ﬂ'éteaméntmn TOINCexs, rmcxnermm-ﬁtﬁallyl, ancgl;actnostaac anotor hm:ludlng

opti nm sed n mum act uat.i.on tine. ase,

* ' Jefiatahc ol kP XaTaRIe ! (RS s With AgliG g 85os.
excess energy being elimnated at the end of the
actuation 20 phase. This is far frombeing optimal in

terms of energy saving. \Wen this type tuator is
integrated in a 3$%53%QHN%FCFHESW\&'§I@ I y povvered
by a battery of relatively limted cap amtly powe
consunptess isfknomen in feeisias amv@h@atthuiﬁrorromswo PPatent No.

o 20 o, fbpllB HeRbf 7 4 fIGHES Jp Fiold iy made in &

10 seiliconnveafearinthat daturnent, m@mcdor islmate bytedchiog a silicon layer.
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a %Pr%‘i oJesC orolthsér:i1 %n%ef\}v gél gll'lé actuating

with the teeth of the wheel to cause it to rotate. Each actuating finger is

Gatiy ?lgggrsStV\r:#lgﬁ uc:ro(?:Jperate

secured in movement to a mobile comb, which moves relative to a fixed
comb as a function of a voltage V.

interdigited comb actuators of this type are often employed for low
power mechanical actuation, such as optical switches, and they are not
normally operated to achieve maximum efficiency, but are rather optimised
for a minimum actuation time. in such case, the actuator is powered with a
lot of energy, the excess energy being eliminated at the end of the actuation
phase. This is far from being optimal in terms of energy saving.

When this type of actuator is integrated in a timepiece, which is
generally powered by a battery of relatively limited capacity, the power
consumption of the timepiece movement motor is critical and must therefore
be reduced as far as possible.



second el ectrode structure, which is nobile between a
first and second position, said electrode structures
having a variable electrostatic 5 capacitance
dependi ng upon the position of_4$be nobile el ectrode
structure. The servo-nechani smal so includes a | ow
vol tage supply source, a battery for exanple, and a
vol t age booster circuit, powered by the battery. The
vol t age booster circuit is connected to produce a

vol t ageEEp FEaesttNohe, TQGQO&Usched@ seémaahackanismothat includes
to generate an electrostati.c fo

r@ﬁtdwelen tg 1O’fure and a
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possi bl e to optimse power consunption of the
sqmmtmeammi sml@;trcaqu ytrugtum sé@vmg hat neariablg gelectrostatic
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hﬁiv@érobén@mphé@gﬁ thenssrabanetluanismeby ragiplying pulses with the
det er m ned poten% d f;_leren n.this

ci fight voltages and, ththsnﬂg t pgnbpyye%pgglsec?rode structures.
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vol tage booster circuit and the behavi our of
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power consunption.
20 According to this document, the voltage booster circuit is a step-up

charger type inductive circuit. There is not therefore a voltage generator for
generating a determined potential difference. In this type of circuit, the
duration of the control pulses influences both the duration of the pulses
supplied by the voltage booster circuit and the behaviour of the voltage. In

25 particular, it is not possible to vary the output voltage independently of the
duration of the output pulses.



5 The present invention therefore concerns an

el ectrostatic notor including an actuator that has a
fixed electrode structure and a nobile electrode
structure, with the nobile el ecgrode structure being
intended to nove cyclically froma first position,
called the rest position, to a second position,

call ed the conpl ete displacenment position, under the
effect of an 10 electrostatic force exerted between

est position in téf!é*ﬂﬁ’lﬁ%xc@'?ﬁﬂéﬁ““&'féﬁifé cstatic
L W ARGt —
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di scharging”said | ectrode structures so as to renove
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structure has reached said conpl ete displacenent
5 posi ti dife gresentr inventioncthetefage acopsasnat an eleptiesialig motor
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Vahbiayfu gle&sremenmngosmmtdaéa h® lcogaeetedtba’lgean dbe dixed edetctrode
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necessary to conplete a cycle while driving t
15 atmabileif electrede strpeleie has. reaches caig gpﬁ@pﬁeoﬂ@placement
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drth?né %sg%déf itiord, 2khidld ede@HY SHuctliesVhhiidge an electrostatic

plied gener at or.

20 capacnance that varles as a strictly increasing function of the path travelled
by the mobile electrode structure from the rest position in the direction of
the complete displacement position. The motor is characterized in that the
generator is a voltage generator provided for generating a determined
voltage, in that the generator stops charging the electrode structures as

25 soon as the generator has supplied the actuator with the electrostatic
energy necessary to complete a cycle while driving the motor at a sufficient
speed, i.e. stops charging before said mobile electrode structure has

reached the complete displacement position.

This electrostatic motor is more efficient than the prior solutions since
30 the duration of the pulse generated is adjusted as a function of the electric



Accordi ng to an advant ageous variant, the voltage
generator includes neans for selecting a pul se

vol tage | evel fromanong at |east two 5 levels and
preferably four determ ned voltgge |evels, and neans

for regulating the pulse duration within a determ ned

time range associated wth the voltage |evel

sel ected. By selecting a voltage level, this voltage
generator can adapt to external conditions, such as

f govesranareshieto @aveltiié antonftakiegraczbust wtha“lvoltage supplied
which the electrostatic notor is 10 inpl enented.

ARYONE 9RNrAOEn advant ageous enmbodi ment, the

el ectrostatic nmotor also includes nmeans for neasuri g

the di $AcREdRENnto oPNsAdyaptagaals afasiant.odee sivpliage r generator

qﬁclﬁﬁ@é‘ln?%éﬁ@ d?%%r?cfn@r @Ee”\golf 8L 8inCAmdhBRat least two

chargrng t ectro ctures en the positfon o
5 t Heveitsbahe pf&fetatxhde‘oms d;etermtnﬁde vicltage olayels; and means for

t it ich th
clTeaiABhE Be; fs, dwstol R, ncEétBRRRe) o ranqe paspoiated
Pagith itige voﬁagguabelt Qeleare@l' By €eletting- a voaagarlevap this voltage
Cp' This solution has the great advantage of hein

c ERARAIDS L2 AdRRnicn QRTPRL FSHCitsss Sl 45 b femple the
d}ﬂaq'isa%‘f wal Bf V§r¥la|t<?ﬂ9|n Z\Qhﬁtlﬁl 3ﬁedléfe%'tr‘o§fhtw trhotor is

ow vol tage. | ndeed e one
10 pamiﬂmentedapam tances are charged with the energy
supplied by the voltage generator, the |ower the
vol t ageAcdomhngdssareradwgytamohesembﬁliimem theh efedirasthtic motor

t he | onger, t he uIs dur ati on ter t har.ge .
Hisg, InEiieh! rdans” ot anestdig e, Biolicinént of8hH° mobile
a'eﬂ@ctfdﬂ@"slr@ﬂiuréOarﬁﬂi'régﬁlhﬂng\smébﬁé tfof rRaking the generator stop
duration as possible to reduce electrostatic |osses to

a oRefging the electeodeastruetutas whendbe meagtion ahieespphile glectrode
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| owes 033| e VO optI m se
dlﬁ1mtraﬂe stmpmreaédcépncnangevmtatwet to tlhmtrasbposhen is equal to

par asi nce and the active CapaCI tance. -5-
Crel_ C +Cacr m C _Cp

This solution has the great advantage of being a compromise

between a very short pulse duration with a high voitage, and a very long

20 pulse duration with a low voltage. Indeed, on the one hand, as the parasitic

capacitances are charged with the energy supplied by the voltage

generator, the lower the voltage, the less energy is lost. On the other hand,

the longer the pulse duration, the greater the charge of the actuator's

electrode structures. It is thus also important to maintain as short a pulse

25 duration as possible to reduce electrostatic iosses to a minimum in the

actuator’s electrodes. The solution thereof lies in a compromise consisting

in having the lowest possible voltage for an optimised pulse duration,

applied for a given ratio between the parasitic capacitance and the active
capacitance.



According to an advant ageous enbodi nent, the actuator

el ectrode structures are charged by a charge punp
connected to supply term nals of the actuator, the

charge punp bei ng di sconnected.ghen the optinum

i nst ant aneous capacitance is reached. This sol ution
ensures that the 5 energy |ost outside the notor

actuation phases is mnimal. According to an

advant ageous enbodi nent, the electrostatic actuator

IS an gxdoondliag to &h ad\mtagegjulsednmodhnemls%emctuator electrode
DESCRI PTI ON OF W es and
AR UIGS T8 NAHStH B 2 AhaTas WP RPTNacrh s SupPY fgainals of
C'tﬁér BYtUERSD théaghéik@et pandP ey rscbr@ictetr when the optlmum
escrl?tlon of odlnents of the_ invention given

wepstentanaeusi @ﬁpﬁﬁlga@eaﬁ‘ful waghed. | Thigsselgtieq %S}Sltrﬁﬁ Pthat the

5 STEIfRIE 105h BlhIe the Mofbh Actuatiof bhKEEs & mitaia 2 OI ook

pr ece t rrses an

el ectr &#q?)véﬁgm}éorar?c?gvgﬁtg 6193 oBﬁ'Ibﬁﬂpﬁﬂ‘lﬂgh{TE the Ofelé&f‘:ostatlc

pr esent ure 'S a si eéd top

of aciationiscad agtuator withvintecdtigitécdbcombbi ch forms one of
the constituent parts of an electrostatic notor

according to a particular enbodi nent of the present
invention; - Figure 3 is a schematic cross-section of

the interdi gi FRIEFODESCHIPTIONCOP TIE DRAWIRGS -

Figure 4 is a graph showing the electrostatic energy

10 cont ai nGghar 'Teaﬁfﬁ@s nAChdREHaged Bf the ?}?eéénttlhﬁemfdmﬂﬁlpéppear

of Fi gures as a function of 'the position of
thBOF&)blCI&arkyl eupmdeeedmgctmee fOi'QWEQI’AIdE jed description of

e %ﬁ@&%(@,\; p&?'}{ﬁw g% To Wiy (?T(fpn&ﬁ‘lllﬁﬂdﬁ ké‘?cﬁmpée and

Wiillfistratée bgthe Meieqldrm!ngstmwmchﬁ In Figure 1, a
ti mepiece is shown in the formof a block diagram

showi ng FiguRantdhowsaa Blbek eligyrant of beﬂiméprécéahtaheomprlses an
present invention. This  ti rrepmgce |ncI%des a %
15 1| qleepstpin MptAEaceoring teanegmpedineni hﬁtﬂr%ﬂen invention;

- Figure 2 is a simplified top view of an interdigited comb actuator
which forms one of the constituent parts of an electrostatic motor according
to a particular embodiment of the present invention;

-Figure 3 is a schematic cross-section of the interdigited comb

20 actuator of Figure 2;

- Figure 4 is a graph showing the electrostatic energy contained in
the electrode structures of the actuator of Figures 2 and 3 as a function of

the position of the mobile electrode structure.

25 DETAILED DESCRIPTION OF THE INVENTION

The invention will be described below solely by way of non-limiting
example with reference to Figures 1 to 4.




The hands are driven by a set of gears 3 neshing wth

a mechanical 5 interface 4 of an electrostatic notor

5. The notor is actuated via an electrostatic

actuator 10. The actuator is pogered by electric

pul ses which, in this exanple, are obtained by neans

of a charge punp 8 controlled by electronic neans 7.

Advant ageously, elenents 4, 5, 7, 8 and 10 shown in

Figure 1 are integrated. 10 Figures 2 and 3 show, by

way of Iexeigptee1, @ ﬂmdpilend wslﬁmndhnlget fcvrmgI ofim block diagram,

eI ctrostatic,actuator 10 wit nt er ited co .
QMfiRg 4 Rﬁﬁ'%'ﬂb?h%leé%'iﬂﬁaéﬁ 5%'?1@%6? 683 Prepem tElYPQg‘i" This

AQﬁﬁ@él@ée MelugeseCand 1i ﬁtéﬁ it ﬁar‘itis 2Cih?z!ﬁ:faﬁhb 'tl?ﬁe @hformation.

anor phous material, such as a silicon wafer. This

ackheathends care drigerfly #oset 0frgenrsve rfgeahIUGownbda rroeehanical

( ) 1 l.di C

wierfeee et i SRS InBEAT  Theqthelef i Fafsted via an

oredlmtrdsmaﬁc)aohuamrlvmlsrr(ewbcnxatﬁ Bmomedftagnemtrlépabemwhuch

ty t i
IR R St Ie B, OBt nedyby BB ol R chrge, audipd dhhiplied by

S'élétﬁﬂihlé %bééﬁ@VeAaQan@gebﬂéﬁr BRMENS 4,95/€7, ®fand 10 shown in
insulating silicon oxide 22 and a top silicon |ayer
1&igwreshare etegratatkness than 20 substrate 20.

Actuator 10 occupies here a generally rectangul ar

10 sur f ac&igurencd @nd 3 show; bywan 0§ exampleyeh agtidujar embodiment
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| 5 e B Rhordf b0 M E e, Cfs 12 diible of griving

t@l)edtm&ﬂtlcl&ﬁnot&rfﬁrcﬂ‘t Figurane, Actaldter 1hes fetshed 1n a plate of
el ectrode structure 24, an econd . frane,

t (FEYStRiine or araerphgys rasierial lﬁ%@?‘ﬂf’ a\gificon %f\%?r Q'F’(ﬁ%u%ltor 10
| ‘i’é‘ﬁl‘éfépdm%?or &'i\fn?t‘\ffrg' tBBthﬂd RAGAY éﬂshst rZﬂ?r&bﬁé‘ﬁ W means of

substr at e electro cture
r & elickeld, twhigh ﬂ&amobpiwlong)a longitucinall diegction rAst, un @rder to form

BN efbroiphiSpetRihica Vi) Whed bbhioE e
{1 xed TV BB NaleT 2 S\idfR S0 iisbisiSs $Qp tvpe and
alhhod &g es thidk aaflfcdﬁﬁadabstratemot ap in@ymiedlﬁteami;earcﬁ msulatmg

el ectrically connected to_the Portlon of top ¥)
silicon oxide” 22 and a top silicon layer 18 of sma[ler t lckness than

20 substrate 20.
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Actuator 10 occupies here a generally rectangular surface on wafer
14. It extends in a generally rectangular housing 23, which is hollowed in
top layer 18 and in intermediate layer 22. It includes, in top layer 18, a first
frame, called the fixed electrode structure 24, and a second frame, cailed
the mobile electrode structure 26, which moves along a longitudinal
direction A1 parallel to the plane of substrate 20. The mobile electrode
structure 26 is returned to a rest position by two elastic return elements 28
at the front and by two elastic return elements 30 at the back, formed by
flexible beams that connect the mobile electrode structure 26 to fixed
anchorages 31 on substrate 20. These fixed anchorages 31 are made in
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arranged around housi ng 23. The di spl acenent of nobile

el ectrode structure 26 is caused by a voltage applied

bet ween fi xed el ectrode structure 24 and nobile

electrode 5 structure 26. Accoyding to the exanple

shown, fixed electrode structure 24 is placed at a
potential V, whereas nobile electrode structure 26 is
connected to the rest of wafer 14, which is placed at
ground. It can also be seen that fixed el ectrode
sttopdtayeeTMarirhara ejemtricallly cbraectdd tohte pattiendsf top layer 18

| ongi t udj nal | entre of actuator 10, and 10
tr%{?%’lﬂﬁ% Mén %5 V\/ni ch extend Iaterally on
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connected at the front, i.e. to the left in Figure 2,

by a cripgani 166 b2 sevhithbt ¢ined islectedde strkbturé 2 kas a central
front. |Interdigited conbs 12 are. r spectlvelfy arran 35

orbaamnschat Sxiead feagiulinally apdhencentrof soiyaiRludd. and
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structure an ermb eeectroestructure charge
plbgan 32.FTeansyerse Maanchess 38pmayaalsabgedesignatedo transverse

il 0% 4065 skRE ) et alf, MREHHTRISEGRP ATMEAETo has wo

t Hen%bhﬁﬂ%%ld Igefralh Eliemrl\é 86! Bengﬂangéd tcmhelﬁFér&ald?Mro@aga# beam
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st34icR dEansyesss dWpae 4% thatagxtend  iowsrds entral  beam 32,
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structure fromthe rest position In the direction of
t Hatecalnpgame 36Ji 3 are conmectpd sitithe fromtbi@diecthe left indggure 2,

Lk L A on e
O oo B0 FAYRS 5 ate! AL SrEhbed’Sn Wihsverse
branches 34, 40.

In order to produce a determined voltage Up between the fixed
electrode structure and the mobile electrode structure, charge pump 8

(Figure 1) has to supply a charge equal to C,,,, *U, (where Ccoms is the
actuator capacitance) to actuator 10. The electrostatic energy contained in

the charged actuator is then equal to: £, i = %Ccm Uj.

The voltage U between the two electrode structures is associated
with an electrostatic force which has the effect of moving the mobile
electrode structure from the rest position in the direction of the complete
displacement position. Moreover, it has been seen that the capacitance of
the electrode structures behaves as a strictly increasing function of the path
travelled by the mobile electrode. The capacitance is thus minimum in the



-8- rest position and maxi mumin the conplete

di spl acenent position. The m ninmm capacitance is

called the parasitic capacitance (Cp). The increase

I n capaci tance when the nobile_glectrode structure

noves fromthe rest position to the conplete

di spl acenent position is called the maxi num active 5
capacitance (Cact_nm. It will thus be clear that the

total capacitance of the actuator in the conplete

direpl aositient apdsinakiprums ire dual canopleter displaceméeni position. The

oaRWREEY CarAcitabon it calef Ui, PP nPrartot fs) i iRrease

| Nn acdgichin8@ tWissh thé'anbbile et SirusturP Iméedks from the rest
accordance with a control nethod of the ﬁrlor art.
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conpl etrigeies @l i @mgraphp asfi theototalVemerghesupplied | By the voltage

structure reaches the, conpl ete di spl acenent Sitio .
* epspion e BESagualar uietne Gudle. ad GiREdh Ak ddlike fne s
SitAH| drdtgP Weipplied R AteRdante2Rfth RcdnGonAvithéd sfhesprior art.
to di scharge the actuator and cause the voltage

10 bAaeesdingHe thisyaathede the veliags generatas issannecteddnithe actuator
el t ek t . . WNAS e ,
S T8 FERIE HESIdL BRIl e pbbitR® TSRl
stohatge \providedasi thg actoatorocaudest tre dickileaelectratie adtructure to

b3BPY% dn, enrerisy Fhatralse sihpiaent Position, fyhen the

aGheBile kirbeRAs i reabkés €@ HonisleRP8RbIERMEH! SaiticH, the voltage
expressly using the position of the nobile el ectrode

15 stganeraloe actyater is dissonpected: and, sinuiltapesusly, theshunt means
grﬁghcéﬁﬁeec{té(?ﬁéa g"trs g%pcfiécgﬁargg fh@eaﬁﬁ%ﬁ]bf%@d%%%l% ttHe Foltage

bei ng the ac capacrtance

elbativeen dhs tfixedtelectrode siractoye mgdtithe mebite efxdiodecstructure to
Tgf c%aneite di spl acenent position is indicated by the
pdI™HP PGE* 1P ZEM%Ubsci ssa that corresponds to capacitance

CP + Ceam It should al_lso be specified that, .in the .
exanpl dt HAswIePR abQyR dhat the aclualer rapacithnge thghaves like a

20 strictly increasing function of the displacement of the mobile electrode
structure from its rest position. This is why the graph of Figure 4 uses the
actuator capacitance C.omp as abscissa instead of expressly using the
position of the mobile electrode structure. It will be noted that the axes of
the graph intersect at a point on the abscissa C,, with C, being the actuator

25 capacitance when the mobile electrode structure is occupying the rest
position. The complete displacement position is indicated by the point on
the abscissa that corresponds to capacitance Cp + Caq_m. It should also be
specified that, in the example shown in Figure 4, it is assumed that the
capacitance ratio Co/Cat m is equal to 1, and also that the value of voltage

30 Uy, supplied by the generator, is 25 volts.



capacitance ratio CP/Caa_mis equal to 1, and al so
that the value of voltage 30 Ul, supplied by the
generator, is 25 volts. -9- The curve in a thin doffed
| ine, which extends below the tgick dotted line curve,
Is corresponds to the electrostatic energy stored in
the actuator capacitor. It can be seen that, when the
nobil e el ectrode structure is in a rest position, the
el ectrostatic energy stored in the actuator

cor r espkhedsutve ib 4 thén eimelegylnw wﬂ'hcleéxtandtslmluwl theqmck dotted
qnerator In oth r.est 03|t
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nqiosdlomog&vef thﬁhehetgye subpiptiéd dist tused| itmechavigiec the parasitic

{ t
o SRBRRTRRCR CBaLoRelt WapsBer MotIR, RleabpdtsPisture g in the

widompletecH i%ﬁracbh?énttdlﬁlthﬂi Qﬁé%oﬁﬁ&té? cQFé&iﬁﬁWalﬁé‘@s double the
thick dotted |ine and the thin dotted I ne represents

tPé"%%lF'@ cgpaeifancesyalug\andiibel valde 19§ theystayed @@@tmstammnergy
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means. The thick continuous Iine corresponds to the

e REEEIY §umiqdeav ithe geoeetenthaites beem converted oo maechanical
15 gfr?,é%- &r%éh'srh%%fh%p at@ﬁ%%ﬁ\goﬁt X gﬁclé hh3his example, exactly

mant previousl'y, generator i's
c@naeﬂmrdobfttbetémergacs:.lmlied isvicenvérted rinrtbi meCMMcalr enkergy. The

uct efs. initsr ogiti However or di
I?EH'eH%? el%hgfﬁ ?rr?\/i?ﬁtl WA eh ﬁ]? Hﬂ% hetweep; %&W@c?@‘%m’de
f@;tlrm:tdﬂ@s isVitlimed t6ees %S(Qhe‘éﬁhht mebase the nobile
el ectrode structure has reached 25 the conplete

) SPonTREC RSk 16 cEiBSHNSF 8 i anbi) suppied i
20 cpaegrdlanse wéth one embodiment of the present invention. Accordlng to this
embodiment, as previously, the voltage generator is connected to the
actuator when the mobile electrode structure is in its rest position. However,
according to the present invention, the actuator is disconnected from the
voltage generator well before the mobile electrode structure has reached
25 the complete displacement position. Once the actuator has been
disconnected from the voltage generator, the actuator charge is kept
constant until the mobile electrode structure has reached the complete
displacement position. It is only once the complete displacement position
has been reached that the voltage between the electrode structures is
30 returned to zero by the shunt means. In the example shown, it was

assumed that voltage U; supplied by the generator was 32 volts.



constant until the nobile electrode structure has

reached the conplete displacenent position. It is

only once the conplete displacenent position has been
reached that the voltage betweejp the el ectrode

structures is 30 returned to zero by the shunt neans.

In the exanple shown, it was assuned that voltage U2
supplied by the generator was 32 volts. -10- The graph

of Figure 4 shows that at the end of a cycle, with the

val ues THogeaph @f Figure dxshphe thahat tthé adndBergvycle, with the
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el ectrost atic 10 energy accunul ated i n the actuator
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ThhécHighcRapergy the direct consequence of the fact
that the charge is kept constant whereas the actuator

capac : gg&{‘flg%\}tvgﬁygﬂﬁg%@g uf Fidute 4. oMbd thdachildtar ahlidoltage

20 generator have been disconnected, the electrostatic energy contained in
the actuator gradually decreases. This decrease is the direct consequence

of the fact that the charge is kept constant whereas the actuator
capacitance increases regularly. It will be clear that the electrostatic energy
thus lost by the actuator is converted intoc mechanical energy. The graph

25 shows that, in this example, practically 45% of the energy supplied by the
voltage generator is converted into mechanical energy. The other 55
percent is wasted when the voltage between the two electrode structures is

returned to zero by the shunt means.

The Figure 4 graph explains why the energy yield of an electrostatic
30 motor according to the present invention is better than that of the
electrostatic motors of the prior art. The Applicant has checked both with



thus lost by the actuator is converted into nechani cal
energy. The graph 25 shows that, in this exanple,
practically 45% of the energy supplied by the voltage
generator is converted into nechanical energy. The
ot her 55 percent is wasted when the voltage between
the two el ectrode structures is returned to zero by
the shunt neans. The Figure 4 graph expl ains why the
energy yield of an electrostatic 30 notor according
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t hhorlepetioh@rgé banfesrihedioaamear y during the
shortened charge punp connection time. According to a

parti cAording! #P! & PERRUIAIRNsiPbId NamBbERREHt of the present

i nvention, thé electrostati ¢ notor includes control
ndayentiona the elegiasiatitemotaninchidesoesnitalimeans éhatraregerovided
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in this exanpl’é, the electrostatic ndtor of
torque that resists the working of the motor.

20 As has been seen, in this example, the electrostatic motor of the
invention is for driving the display members of an analogue watch. One
feature of this application is that the electrostatic motor stresses are
capable of fluctuating considerably depending upon the conditions of wear
of the watch. Moreover, generally, one can expect the efficiency of the

25 mechanical system that connects the actuator to the display members to
deteriorate gradually as the watch ages. In order to prevent such variations
from compromising the proper working of the watch, an advantageous
embodiment of the invention provides for the voltage and duration of the
pulses supplied by the charge pump to be determined using at ieast one

30 regulating loop. This regulating loop comprises means for measuring the
disptacement of the mobile electrode structure. In this example, these
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invention is for driving the display nenbers of an

anal ogue watch. One feature of this application is

that the electrostatic notor stresses are capable of

fluctuating considerably dependj;nig upon the conditions

of wear of the watch. Moreover, generally, one can

expect the efficiency of the 25 nechani cal systemthat

connects the actuator to the display nenbers to

deteriorate gradually as the watch ages. In order to

prmspiatemh ek ating Nfheahsoare osyro rtwafeld. tihe fadtothe motor
of the watch, an advantagfous enbodi nent  of

|
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oft[‘?wg'aé%ﬁé'm%?"%"f)ﬂag% SriAPacior tefpueals &y hediptowing
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moment to the ratio between the determined voltage UD
gsupplied by the charge punp and voltage UA at the

capaC| tor termnals by the followng relationship: 15

1 -0( CConb CA UA
1 1 [UD J
=—2e ——1
CComb CA UA

If capacitance Ca is chosen to be sufficiently large relative to capacitance
Ccomp Of the electrode structures, the voltage between the two electrode
structures is practically equal to voltage Up supplied by the charge pump. In
such conditions:

Alternatively, the position measuring means could comprise three
capacitors and conform to those described in EP Patent No. 1,793,208.



If capacitance CA is chosen to be sufficiently |arge
relative to capacitance Cconb of the el ectrode

structures, the voltage between the two el ectrode 20
structures is practically equalyg0 voltage Up supplled

by the charge punp. In such condltlons CConb '" CA

UJA D 25 Alternatively, the position neasuring neans
coul d conprise three capacitors and conformto those
described in EP Patent No. 1,793,208. -13- As regards

the spefsl regasisr thng speaas measurings npansplie, thisiex@mple, these

i nclude a current. detector connected ween t he
CHEFIES 0 p aCOeIREas CoNnREIad, e Bicse: Pecharg AR @gd one of

ofthk Rroab LS strﬁ@tu?és bpiHEastatort 88 sPRAMe8burédih@¥pted of

of the actuator charge. Since the actuator charge is

praspwith obithe actuator peargep Sincetiseactuatorcehargatis proportional to

[ n r r . e.C [ 0 -

5 HERAAieRoR" OISR nf ) s AT o, B YBactance
1Q;rbwth bpeedrimrdnomnpreicisaly:f or ns t he subject of this
exanpl e, the determ ned voltage UD supplied by the

charge punp can be switched between four different
val ues, for exanple 28, 40, 55 and 80 volts. OaMng to

this feature, it is possible tq{@vm( h the vol tage
suppl i ed by the charge i/, e—é—"ﬁh—gher val ue when

t he position neasuring neans |nd|@‘ate that the 15
actuat or does not have enough energy to conplete a
cycle. By way of exanple, the position neasuring

means coul d check that, at the end of its
10 di spl adenityet e@wqctl,menhethﬁbtfprresdl*@ctsnbmt sefr Hhis uexample, the

A Meﬂ 6\2@[}%& or rre Igér Sﬂa?gﬁ_gﬁu%gpeéh t lﬁ{ rbwﬁchec!

Thi's chec y che
t hetwede fmmdjﬁemnt @va;msg faraniie 28, 48s 58and80 yolks meg to

R KPR 5 RGN Th RlebE Sl hE S pump
Ceong Higiteroeaieewheni thes pbsifibH @@asuring means indicate that the
15 actuator does not have enough energy to complete a cycle. By way of
example, the position measuring means could check that, at the end of its
displacement cycle, the mobile electrode structure has actually reached the
complete displacement position. This check could be performed for
example by checking that the actuator capacitance Ccomp has actually
20 reached the value Cp + Caiu m just before the electrode structures are
discharged by the shunt means connected between said structures.

As has been seen, in this example, the displacement measuring
means include not only position measuring means, but also means for
measuring the speed of the mobile electrode structure. Thus, according to

25 this example, the displacement measuring means are also for checking, in
real time, that the energy supplied to the actuator is sufficient for it to drive
the motor at sufficient speed. Thus, in this example, the speed measuring
means are arranged for measuring the speed of the mobile electrode
structure during the phase during which the charge pump is connected to



As has been seen, in this exanple, the displacenent
measuring neans include not only position neasuring

nmeans, but al so neans for neasuring the speed of the

mobi | e el ectrode structure. Thug . according to 25 this
exanpl e, the displacenent neasuring neans are also for
checking, in real tinme, that the energy supplied to

the actuator is sufficient for it to drive the notor

at sufficient speed. Thus, in this exanple, the speed

methe adtuator.nédhe tireecareatoeastred byaherspeedt measpdtg means

of _the nohile electrode ,structure during.th hase .
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act uat or, on e tine normal |y necessary for the
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to the actuyatar, when twls amount i s unnecessarily ,
hit@p’ecsf,wﬂytmgh{ NGMe e, torduey i becguppiiad, 8y the electrostatic
elrg6foF @ batput. TADS, Qvhéeh tife cOtENt HadSured Bg the' §g§%§] glzé‘ésuring

measured by the speed neasuring 10 neans corresp
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slpumpetb atowdevaloe. Wi | | understand that there is
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nmeans {fhobe kil the rdeadl underaan@rtdanehdre i Absdiltely no
ans could be |imted to position

vari gnt, these, !

né‘&?aritf?\rgt aﬁgsg?mnv@ti MeAsiEivgndeans 4Rt ber Awgfold. Indeed,
15 Ck&rdi CIAT- TR S | igqa ! ShMai i
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ampasuringpmeasse whileoinw aosecand vanant, tkey lcedid, ncarversely, be

SRS, e Mgt indai ol b B Flef haf various
dajterdtiong dridson infifrosemeatLbblibas itd Yeode sKilié@in firdaRYcould be
tp'_('eade to the various embodiments of the invention described in this
20 description without departing from the scope of the invention defined by the
annexed claims.



annexed clains. -15- CLAIMS 1. Electrostatic notor (5)
i ncludi ng an actuator (10) conprising a fixed

el ectrode structure (24) and a nobile el ectrode
structure (26), the nobile elegfrode structure being
provided for noving cyclically froma first position,
called the rest position, to a second position, called
the conplete 5 displacenent position, under the effect
of an electrostatic force exerted between said

el I structures (24, 26), and then returned to

position in the absence of said
el ectrostatic force, said notor (5) further including
shunt neans connected between the fixed el ectrode

structur |Le el ectrode structure
(26) for cﬁfe?ﬁé%f‘rafﬁid)ca?%f@ﬁ APhinfding m gciraier (1 comprising a
Stiixdelt BlREo88 SPudtlrd TPV 8ndah %Sbﬁéte? g a%trh@fu?ﬁ (26), the

once the nobile electrode structure S reache

sangblée)ﬁ!ﬂcéqogenﬁumm beipgsprovisied fordnovingheyclically from a first
s alled 308 185 bosffion " F RELRhn MR HER. oG dhé Bmplete

5 stdls;dacmrae(lﬂtibbsftmm Clmdeirclabl gffecthof ginnglebiiodtaticefdrt® dsxerted
artl to cC e. when .t he nobi

ct
ipEh SN0 BiSdtEde SuatCresl A 280 Ao then Tetisned tpaid rest
Stgcdé&tdﬂ R tRA\UbRENEE of 4 A4 L&I8srGsthfic F8RBC IR Plotor (5) further

that varies as a strictly Increasing function

oﬂ"@'H@'nsaﬁWnt MeAns eannggtechbetwasin thedixedh eledieode structure (24)

t
SN PRy LERMAD o 3lne RIBLBP TV Teh Y fpcteang saic
10 meestrqde) str’uetungs cétarasct@rnenﬁﬂre aat&@ledﬂmtwm&%nce the

bl ARt RRERe” ), bAkcepold”shick Rmhiete movement
9?2%“‘3’20 @mﬁ&hnhéﬁ mcﬁhgraggékgerbt& (e? %%h@&%d%ét%bg "tR& fixed

as soon as the generator as su

t tascture (249 Iﬁ'@deth@d'ﬂ@@iﬂ glectrode @ﬁrgrgztufedgﬁlsmrwychca"y
|
L SyPREP 8 S e Il LRI BBbfle briine®mobe

15 neln'dtmdel @ﬁ)rledla ther restt ositiadn) sdid electesdee dtrbbiire® having an
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of the path travelled by the mobile electrode structure (26) from the rest
position in the direction of the complete displacement position, the motor (5)
being characterized in that the generator (8) is a voltage generator for
20 generating a determined potential difference (Up), in that the generator (8)
stops charging the electrode structures (24, 26) as soon as the generator
(8) has supplied the actuator with the electrostatic energy necessary to
complete a cycle while driving the motor (5) at a sufficient speed, i.e. stops
charging before said mobile electrode structure (26) has reached the
25 complete displacement position.

2. Electrostatic motor according to claim 1, characterized in that it
includes regulating means (7) for controlling the powering of the actuator
(10), and in that said regulatihg means are provided for making the
generator (8) stop charging the electrode structures (24, 26) when the



i ncl udes regul ating neans (7) for controlling the

powering of the actuator (10), and in that said

regul ati ng neans are provided for making the

generator (8) stop charging thegl ectrode structures

(24, 26) when the -16- nobile el ectrode structure (26)

is approximately located in an optinmum position for

whi ch sai d capacitance (Cconmb) of the el ectrode

structures is equal to Cle, = Cp+Ca', -M. Cp -Cp. 3.

El raobiie sledtraderstruuctuae c(26)i isgapproximataly? located in an optimum

characterized.in that it . 5 ingludes ans, f or .
Hahders WDidh spidacanasianse Gonmndbie elacdiogessisuctures is

st i_nfgrhqt:—t—h]e—v_ ol-t age generator (8) can be

SVé‘ C t:\ttyj%%l_ 4 vetry” Bet V\Cféén a plurality of

predeterm ned output voltages NO and in that said
regul at idhg Bleethestatic moter peowrdingitd olairo chtaharadtagzedin that it

. t Q- i .
s v Sho28s 5056F 1 cBoncRichle' RhPegHIEH, B Mot clctode
(sj;stw;cturee if 2t h'hte' mtag{ee??hechtsgi(d% cnarmpbelt ewitzhed selectively
I,S acenen SI LI OoNn a e en CcycC . . . .
El @EWPSQtéan%glﬂ&t%rpfsé%@r@rn@ suthef yofiagés (Ua), and in that said
SuEgelAg s 1) AL USRLIRIRY D540 gonerstor ©
prgighdidat fao highsd seutpul volieos pe s¢lested whemithe anobile electrode

10 ¢ AUl 128} s tteaniiey dad RomGoed 8P BenE pBRRE) ot the
exanelnof, a bgglend sai d opti mum position, the phase during
whi ch the el ectrode structures (24, 26) are charged,

i f the meafilecttostatednotef acberdimpitd elsie@tsro8echaracterized in

struc&lur is too slow, so as to prevent the tine

ndbals s@sw@ce@&eﬁ meRsUEREINenes dorssridJeakip elestrdestructure

fr j +hEl i t

L (26) 8% PovidR fopibactiing th <BEEHT e nfpdTle! ibptrode structure,
15 diig ghat ssithtregeiadingi mpamsat® are mavidedofor) makinge the deoltage

Bl BIAIRF 5! Aol SpRISHd S50 [SbiEs BobiPa! Wi eiese cung
saitich ¢y bRictrogenstattures )24 26 pary thlanged! ithawhéasurebspeed
vol.t age erator (8) extend, beyond said optinum .
pgéif?gowggﬁﬁegg Sugtirenis 1067 slov o @seta pRMent the time
ShiedE588I9 %0 rédeh H#HR) cihpietd BispRibenhént fitH8RSeing too long.
20 5. Electrostatic motor according to claim 2 or 3, characterized in
that the displacement measuring means for said mobile electrode structure
(26) are provided for measuring the position of the mobile electrode
structure, in that said regulating means (7) are providing for making the
voltage generator (8) extend, beyond said optimum position, the phase
25 during which the electrode structures (24, 26) are charged, if the distance
between the rest position and the measured position of the mobile electrode
structure (26) is less than a threshold value, so as to prevent the time
necessary to reach the complete displacement position from being too long.




between the rest position and the neasured position of
the nobile electrode structure (26) is less than a
threshold value, so as to prevent the time necessary
to reach the conplete displacenpnt position from being
too long. -17- 6. Electrostatic notor according to
claim 3, characterized in that the voltage generator
(8) is a charge punp that is disconnected by the

regul ating neans (7) to interrupt the charging phase

of the aft ulabctroéthﬂ): métorEhesirdipgt @t tiairfiog, %h%@@rﬁbﬂ% that
to,cl ai acterlzedln 5 that the volt
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8. Electrostatic motor according to any of the preceding claims,
characterized in that the actuator (10) is an interdigited comb actuator.

9. Watch including an electrostatic motor according to any of the
10 preceding claims.



