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Advantageously, the servomechanism is an electrostatic motor formed by micro-

electro-mechanical technology (MEMS).
According to another aspect, the invention also concerns a portable electronic

apparatus, in particular a wristwatch comprising a servomechanism according to the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present invention will appear more clearly
upon reading the following detailed description given solely by way of non limiting
example and illustrated by the annexed drawings in which:
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wi || appear nore clearly upon reading the follow ng
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drawings in which: -3- - Figure3 is a diagram of the
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The control system further comprises means for measuring a value of the
variable electric quantity, powered by the low voltage powering means when said high
voltage is generated. According to a preferred variant, these measuring means
comprise a first branch connected in parallel to switching means Q1 and comprising in
series a first capacitance Cref and a second capacitance Cb of an order of magnitude
greater than that of the first capacitance Cref, and a second branch connected
between variable capacitance Ccom and the reference potential and comprising a
third capacitance Ca of an order of magnitude greater than that of variable

capacitance Ccomb. The variable capacitance Ccomb is defined by the position of the




voltage is generated. According to a preferred
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Reference will now be made again to Figure 1 in order to understand how the
two embodiments of the invention presented hereinbefore operate. As was mentioned
in the introduction to the description, the main objects of the invention are to maintain
the high voltage only when the latter is required to limit leakage currents, to minimise
the components in the high voltage in order to limit stray capacitances in the high
voltage and to adapt the activation voltage as a function of the of the directly
measured system needs.

One possible voltage increase circuit is based on the transfer of energy from
one inductance used as “high voltage” source. This circuit has the advantage of being




provide a pulse of shorter length than the preceding
one across the control termnal of the second
switching neans @ to decrease said high voltage.
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switching neans QL to decrease high voltage Unh.
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Cref Cb + Cref
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As Ca is known and fixed, voltage U2(t) represents the load injected into the other

branch containing capacitances Ccom and Ca:



of the conb drive nenber capacitance Cconbs. The
capacitance of this conb drive nenber varies between
Com mn and Comnax as a function of the position of
the nobile conb. In order to execute this feedback
function, a neasurement system-€Ca, Cb and Cref) is
directly powered during the high voltage application
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way of exanple, the "high voltage” Uh can be defined
at 100VTibmaaGesdh Ga and GiFareAdeflimpalsee alnE:GSpléTaataalmdbelow) to obtain

Cr %Ita@é@ U1 r()egndl mi(heofb[r%ngn:le“ it 5&?8tﬂ0nﬁmggﬁgés t ), thus

vol t Js a reduce

@%H (ﬂt e W@gimatlca’blwe@veﬁ toh(Y). ]fra yol@geatmeefermmals of
Cr eﬁon“r&a%elaﬁapmﬂmeéw Uhitx ek vaied 6888 ddé Ue)deduced Werefrom.
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expl anation below) to ob ain ol tages UL1(t9 U2(t)

Sof the order of 50 to 500 ti rres | ess than UH(t), thus
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t henef, MaRiindCovdrttime: rgso('rb%lé withbut d%rb)ng_thgho%gﬁy measured value
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] that Ccon(t) can be rreasur ed at any tine
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J SThe vanaﬁon ﬁr capacitance Ccom allows variation in movement to be directly

deduced, thus the speed of movement of the comb drive. The mechanical energy
supplied via Uh(t) can then be broken down into two parts. First, the energy to
overcome friction, useful forces/couple and any forces from the necessary system
springs, and secondly, the energy for accelerating the system (inertia, kinetic energy).

The “force” accelerating the system is the difference between the force
provided by the comb drive subtracted from the useful forces, friction and the spring.
This force must be sufficient to allow movement in the desired time but must be kept
as low as possible in order to optimise consumption. The available time is defined by
the application and can varying depending upon which mode the system is in.

In a horological application, for example a wristwatch comprising a stepping
moator, it may be different during normal working or when the time is being set. If the
time used for the movement is declared to be too long, the next step will be executed
with more energy (longer control pulse from the transistor) and conversely if the time
used for the movement is declared to be too short, the next step will be executed with
less energy. If the step is declared not to have been made, it is executed again with a




are confirmation of the conplete novenent, which is
deduced fromthe capacitance variation and
m ni m sation of energy consunption while optim sing
vol tage Un, nanely the transferred energy. The
variation in capacitance Ccom al/l-ows variation in
nmovenent to be directly deduced, thus the speed of
m)verrent of the conb drive. The mechani cal energy

E’? i a Uh(t zn t hen be broken down in

§“°rﬁu er”s?{gy the d&h @yafaé“eeo{f@r%%ﬂ@“#rﬁh&'?wh QEstE? wulse will be

foex:teede:baioptre rextistepy forces fromthe necessary system
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pti.n se nsunpti on time is
¢ P EisEie JBF TRUTRNG SeRaoAey, Ihd R Al P CRBIRGR BRiem can art
nDd\aertttmaE sA guentity ©f ienerdynsudfidient db egiacaltecathel ¢araple@Mmovement has

fog e n not o
S PEEE Fy51E 9450 SPUREL 3008, By B e e
t i it “eeonsening” Fem. theferergy peinhef m\edsm@r thishenlydwae te e carried out
'Ss;ﬂﬁé&!ﬁ@él@d(féroepeﬁ'nﬁlgCbrlc@nlg 1(?d@)etnl?1§§)t 1fd GR ¥\6t|+ 2}% er consumptlon
executed "with nore energy (Ionger ‘¢cont ol ¥ro
thré’”iar“?n‘é‘?r}ét"ﬁ’fd)%tand conver sel y if the time used for

t he novassding %o m@cée@b@cﬁiem@o&mehoesuﬁ@met Moﬂl‘!ﬁws%ﬁ:}?é Q1and Q2, itis
ec ut e ner

" <Flhsllie, 0. 450TET 20 FAenabavPriitel Shey dresabdfuatSRsistor 2. by

agaeans\ot & palse?rf theotonfiometienefr thy comptete arovemegtiarrantvdtained. This

t h[?r rﬁ{g@ négl)[%?r {E% leﬁ%%&hggr%f&h%ng u%)%‘teer}(\“ Jesep %hagé%t %‘d!?éj managed

S| lgﬁeﬁertglantly yA@@ﬁtmjutﬁgthap‘wﬁt em@ogmémsmvomlmrmmstor Q1, these

(1l ;Qr?e&l.es drd S Hent QF’@BBMB%nﬁé?ﬁGrVOHB@Q\?erCFPWH HemdRldYihat the use of
reduces power Consungtl on nmpar ed to a SySt em

sy‘%“,“loetfﬁélslsttfﬁﬁ IRFreAsEs i ?Yl@a&‘al%a%%?e vol t age guar ant eei ng
t he |StI©FShbl]IdJabé méuiluﬁat?ﬂ@t ?]d’dlﬁcﬁiall bﬁ@dslufhgnémd@adp“a@me;nces are not
easi IS _princ e i.n order to
cex sl ERETRRA e hectaniter St Reloy 18 MRt 08 oy ¢ he
regul at ThenelsySicemeopnincthe flombodrare ¢dpaeitanseds aefined/bpthe following
eNGI Y gufficient to guarantee the conplete novenent
has' S rrpl y to be transferred and the different val ues
extracted therefrom Although this is not
"econom cal" fromthe engrgy. ;bgl ngUQf view, since this

1

only has to be carried out~ sp |GHII{/E(for exanpl e
once in 1000 tinmes), the inpact on power consunption

Voltage U2(t) is defined by relation (a):

Com () U 2(1) C_. ()
2 —_ Teom NS com
U2() = O+ Uh(t) > o) )+ C. [ES5)

com

com

The capacitance Ca is defined by relation (b):
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remai ns very nodest. According to the second

enbodi nent using the two transistors QL and @, it is
possible to transfer an additional quantity of energy
by activating transistor @, bys_neans of a pulse, if
the confirmati on of the conpletée novenent is not
obtained. This principle allows the energy transfer
and systemreset phases to be managed independently.
According to the first efgodi ment using only

transi stor Ql, these éffﬁiés are dependent and

conpl ementary. Hov@ye o | L 20e. motgq dihat fdae use
of two transistors |nd7%ases stray ‘Capaci tances. It
shoul d be noted that theradditional neasurenent

capaci tances are not significantly detrinental to the
transfer of energy to the conb drive. The electric
enEignaray tatie iv thebtwordapacitmpes bt e Gearich (debinned) Ry t he
following equation: 1 Z Wom = 2 Ccow1Ubon1(E4}

Vol tage U2(t) is deflned by relation (a): 5 LQ(t) =C
Ccom (t) Uh(t) U2(t) Ccorilét) EE] ngm&ﬁ}

UFh(t) C. (pﬂ!‘) + Co The cap@c % W ilned by
201 (‘p()m

rel ation
2.01 nF 1i§z+%h THe, e Z}gy r(atlo |n thq t
capaci tances of thgctwnf Uh
C' Uh Ccom 2 Ccom + C. mcrzm “Tr 4»/*7

2CCon(Uh CcO +Ca Uh) +2CI +g, 3 2\ (E71 C. W
C 45a) Coom
Ccom C +C

W + W, 2 z
C,, [l — —E"’"—] + Ca[%—ccm J
C + C Ccom + Ca

The approach is the same for the other branch, the minimum energy must be
injected therein. By way of example, Cref can be defined at 0.5 pF and voltage U1 at
0.5V. By applying the same approach as [ES] and [E6] Cb = 100.5 pF.

The equivalent capacitances for each branch are:

Equivalent capacitance Ccomb/Ca:

(E7]

= 99,5%

C,.+C. 202
Ccom// Cq = =<2 2= =C
o Ca 201 com com [EBJ
Equivalent capacitance Cref/Cb:
C  +
Cref 1/ Chb = S+ Gy = (E9]
C ref
. ref b

As the voltage across the two branches is identical (Uh), the energy ratio in the
2 branches is the capacitance ratio Ccom/(Ccom + Cref) = 95%.

These energy calculations show that practically all of the energy is transferred
into the comb drive (Ccomb). Moreover, the connection pads of the integrated circuits
have a capacitance of the order of 3-5 pF, but in this proposition, these capacitances
come in parallel to Ca and Cb which are much larger (2nF/100pF), therefore their




- Z22799.5% W +WaC 1C - + Ca~+comC +Ca (C
+C ) 5 The approach is the sane for the other branch,
the m ni mum energy nust be injected therein. By way
of exanple, Cref can be defined at 0.5 pF and vol tage
Ul at 0.5V. By applying the safe approach as [E5] and
[E6] Cb = 100.5 pF. The equival ent capacitances for
each branch are: Equival ent capacitance Ccorrb/Ca
m= C~ [ [E81 Cco
205[“951'2&{? 'i'/%deeﬁem%'gab%ﬁp% é’épﬁﬁ”@f‘?%a'ui%kei?@#’ qnd @@f of the order of
Cr picofardds or t@nebf p(lﬁﬁérada e tHabsyAsent Betotell HrgRarged @@fdlscharged toa

| Pl 1R sbPat SER D bl ates FnfPERE AL gpperated by
+ theaefayious pkageThismmtener gy cal cul ati ons show t hat

pr acti cphikys iem Afsol e fReEMMntadet SrARSKRL ith rﬁé(?sgre t voltages
g}{] rgll%)\ég Nbr eover, the connecti on

onp) .
éf&hci%uiﬂ'iasge K@D, & @ééé(dlcpaiﬁ@'ev%tﬁgﬁfhé”d can thus be
or ﬂl&#grélfad & 5 spindakihickdtlddhohiclrofRs! Th@@nly %Bﬁ‘nﬁ:%nductor components

RS TRTE el b e FEI Bv (670t bo

nomOdlethlasent;alfecﬂaammrdlmg tarecionéigaratiorsd. JGSS@C@’ﬁ’poﬁmﬂb exist on the

Crl%ta Cﬁ?%h?%glﬁ{]opéptlsnﬁglngf Cv?g? ﬁr n]ipgl B e transis 0(')'? must have the

pi cof ara arge
di lowral rpseibtepdrain- Mbﬁwrvalca@qcltamea s reset at each

St ep, Whi &8 rﬁmﬁ@rﬁzd prll&%ﬁé}? ekdBlet %éjbbf)ﬁﬁ/(%egﬁ(ii b ratios are

the various | eakage currents. This system
t h\éer&améﬂft\&@%h B'HO%thﬂ.eﬁgaWt HESHT&%%'MW Wp%g@s great errors:
(U1, U2) and with "low voltage" (0-1.5, 3 or 5V)

control voltages and can thus b nt egr in a
standard m croel@gi(rnanic gz_(er & %g Cy

sem conduct or conponent s Csgxpasd®@ o Ehe Ul gh™”

vol tage" are the diode and the transistor(s) (QL, Q)

to be nmounted as required according to the

conf i gufha reguiatingisgstemceningotherit golleges U1{h anth&)2(tirhak & bave a very

Fog; ﬁhﬁplﬁe}#ﬁe%nc%péd 248 d?QO Qf?é’fﬁrrb ﬁ\@n&lﬂl@’i?é el % branches. Such

tranS| stors nust have t | owest possi b
drigiPsdangas- g@@@@ma@,t{'\gn@g of microelectronics, particularly in certain

operational amplifiers.

The invention described hereinbefore has numerous advantages. In particular,
the measuring system allows the position and speed of movement of the comb drive
to be known electrically, which means the movement has actually accured and energy
consumption optimised as a function of the time available to execute the movement.
This measurement can measure the impact of shocks on the position of the comb
drive. The measuring system is independent of the supply voltage, which thus means
that practically any “high voltage” generation system can be used. The measuring
system only very modestly affects the energy transferred to the comb drive. Apart
from generating the “high voltage”, the control circuit operates at a low voltage
enabling it to be integrated in a standard microelectronic process. The “high voltage”
is actually only available during execution of the step, the rest of the time the system
cperates at a low voltage.

It should also be noted that the invention concerns more generally a
servomechanism comprising a control system according to one of the embodiments
presented hereinbefore, and wherein the servomechanism is selected from among the
following elements: servomotor, stepping motor, couple motor, electromagnet, hands




In the nunerical application exanple, the Cconb/Ca and
Cref/Cb ratios are very small, which allows the
equation [E3] to be sinplified without any great
errors: C(t) -- C Cl11 U2(t) Ca U2(t) Ccoma Cb +
CY,j. UL(t) Cb UL(t) ref The red@itati ng system using
the 2 voltages Ul(t) and U2(t) has to have a very

hi gh i nput inpedance so as not to disturb the currents

in t branches.,. Such inpedances are conmon in
t hS’tf’P’ ﬁ‘éﬁ %B)%’P ?ndtaﬂn%ﬁtlé’éf ﬁ'aﬁ'ﬁx%,fwfq'm%m 8P¢ Particulas qmaadiment, the
opé¢raemenkanisd & Blerostdiembiay ésrhiedrbydaREd-£8E%b-mechanical system

hek%hﬁggé@p@EMg nuner ous advantages. In particular,

t he neasur| ng sésten1allom5 the position and speed of
movenent! Yo¥ benEdestieodiitial eariows bitertimsnarel/ecimpre@shts evident to
Whihobe RRMBE it e BRV@IRNbe rﬁ?e?dgafbtsfﬁgl\} i % %H{b%gi‘n?{}ﬁse of the invention

enerqgy. consunption optinised a unction

{1 FRECHDST Mo &Tes5 e SBRIPHOR.IRErieoAaialRMouldTh moted that the measuring
meaisaneeold eaninpEansited tdifeleAMAYy B5mEacKFoPRxEMBle three sized
Pﬁgdgégﬁ%\éz%z br‘épgqe%g%ﬁrgé ;gq%qt%gggggﬁgéhg ?}ﬁﬁ%sptmem I esd without any
t heifficgibadyi thaiskyskiled Trhitigh arblfbragedmpleney ahbais oY SdreiBgue digital
Cakbrieriet3hd o U?ria’ﬁ?@l%Héfh%lses%é{egg?Pﬁ yi%Sﬁé%%eﬁé$¥he scope of

affects the energy transfierre

ApBEtnventigfiefinedrtyithe gneered daigh. vol t age”, the control
circuit operates at a low voltage enabling it to be
integrated in a standard m croel ectroni c process. The
"high voltage" is actually only avail able during
execution of the step, the rest of the tine the system
operates at a |ow voltage. It should al so be noted
that the invention concerns nore generally a
servonechani sm conpri sing a control system accordi ng
to one of the enbodinents presented herei nbefore, and
wherei n the servonechanismis selected from anong the
foll ow ng el enents: servonotor, stepping notor, couple
notor, el ectromagnet, hands -10- novi ng above a dial,
opti cal displays. According to one particul ar

enbodi nent, the servonechanismis an electrostatic
notor fornmed by m cro-el ectro-nechani cal system
technology (MEMS). It will be understood that various
alterations and/or inprovenents evident to those
skilled in the art could be nmade to the various

enbodi nents of the invention described in the present
description, particularly it should be noted that the
nmeasuri ng neans could be inplenented differently by
conprising for exanple three sized
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capaci tance branches, that the regul ating nmeans coul d
be inplenmented without any difficulty by those
skilled in the art for exanple by neans of anal ogue
digital converters and a variable |length pul se
generator, without departing fridmthe scope of the

i nvention defined by the annexed clains. -11- CLAIMS
1. Control systemfor a servonechanismincluding: - a
control nenber nobile between first and second
positions defining a variable electric quantity
(ELAMMS respectively between a mni mum quantity
(Ccomb_nin) and a maxi mum quantity (Cconb_max), said
vari able electric quantity varying according to 5
posi ti ofh ofoBisRl¢ystem fooh sepuechamsanimduding:zed i n t hat

t he Coné E:Qﬂwtrtﬁ)ﬁ%rﬁlﬁ‘@rfn%&lg%ret\hém HEHd secok%B%ngortch% ipjng a variable

e | NCrease
oi'EC‘LC q%a"tt&l C@)b)caﬁﬁ@@tvebr ¢41ea el mad sanify (Csainth_min) and

I a)maxmhurag]eaptﬂy\mctdiﬁb ?ﬁ@?sseﬁ@dan%lé YBEHiIBGu %béntlé{ g{i’ymp according to

0 - means

n@égitg)%l ng%g)cﬂ?gfra Bid vari abl e eI ectric quantity,
sai d nehwsantenzedtin ﬁfat tHu niral $istan firthae ingludewi ng

deducLﬂQwRBﬁa%?%ﬁﬁﬁﬂnrﬂéa§¥hﬂﬁtontr°| menber, powered

by said | ow age powering ans when said h| gh
vol t age’d tgg%mcwsemdteaﬁadd B, Qre 1 coRieBted farthe terminals of

rs%@ﬂﬂoaztudngg@ ab\ﬂee{rgj Masss éﬁ@&é@éﬁ@?ﬂ@ J?;‘ité@@ﬁ‘?@l Uiput;

15 suppl necessary ener
menber” "4 513 E’Hcp?& fOR fiegRding @HBIUQ of saidwarindllé elecieid quantity,

feaid meamrembhmf thig vakiedn Hﬁ@%ﬂbﬁﬁlg\ﬁéhu&ﬁg e BBldnent of said control
| ower than a variation

\?ﬁé E gtbrl ¢ |guant %%/

Fes YRR Vppte Bovg%rfr\gd"ﬁ%%’?%‘ﬁh%’hﬁa'd high voltage is being
raespeted, \aeﬂy for decreasing the high voltage deI i vered

for a t [ val ues of sa

var i abl U ERR 8 T ARl Lo Ruke S Prett e Brnasider
vHPPIHNE dhe Peressayedergyo the ccmjvmﬂ meimtsy she foracaeasiqthe high

tvoltaderdidlvdredbes %rﬁbti%ﬁ'n‘tjsém l?r\éa%ufé@%'flféls Oﬁ%qaﬂ%ﬂ)lg e?et%trlc
electr%st‘ms]lc act u Control system ac

arariy 4R Har%'Pa ”@’Pé’é‘t'?’ deieamined Ay tsaistsrvansechagisen,
ceaplectivalyier ﬂem*eeslng the KIgNU6IRIgeILHV@BY FEPIdHa06n s AdMheasured

?%IUQ%G{’ %31 Yaf a%l% %Igvgﬁrqlﬁﬁatﬁggﬁwgé%en)s%prpeggr%ug%ads\oeﬁrgﬁon threshold.
uncoupl i ng nmeans

2. Control system according to claim 1, wherein said mobile control member
is an electrostatic actuator.

3. Control system according to claim 2, wherein said electrostatic actuator is
a comb drive member.

4. Control system according to any of claims 1 to 3, wherein said voltage
increase means (L, D, Q1) include an inductance (L) in series with uncoupling means
(D) and first switching means (Q1) having one control terminal and two current
terminals, said inductance being connected to the output of said low voltage powering
means (Upp) and the uncoupling means whose output is connected to one current
terminal of said switching means, the other current terminal of said switching means
being connected to a reference potential, the control terminal of said switching means
being connected to the output of said regulating means.
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(D) and first swtching nmeans (Ql) having one control
termnal and two current 30 term nals, said inductance

bei ng connected to the output of said | ow voltage

powering means (UDD) and the uncoupl i ng means whose

output is connected to one currfént termnal of said

swi tching neans, the other current termnal of said
switching neans being connected to a reference

potential, the control term nal of said swtching

means being connected to the output of said

r egul at o.ngComtar systedZaccbrdirgptotalain 4 weteesn agidavtagegint@ase means

&a'dy fdﬁhﬁrfﬂepi ﬂ.idg \eégérﬁeog%&adhﬂﬁlﬁg%?s @ﬁggnrqétzetf?etween the
ceviRuica saidiadupiencet (hpanderignefesince gptentialduct ance (L)

and said reference potentl al. 5 6. Control system
according to claim4 or wherei n said variabl e

electri® E}a&tmhwemsaogoxﬁm Rlmcbpad ivthereia SF@C’é’Hﬁ?'e electric
d@taarquus *&Wafrlgslgpﬁﬁbéltaﬂtﬁ?] o comath) dﬂeﬂiﬁ@dﬂ bsa trceomtsrt?h of BBidRsbile control
an onne e n ou V.0 .
RemERLE T Eae R en ot oh oAl Hereg means and sai

Queaswingsysaresm accordi ng to cl ai m 6, wherei n said

means (Ca, Cb, Cref) for nmeasuring a value of said
variable electric quantity include: - a first parall el
connect &éd Beaird Isysiemsadcarding totclajm &, ethiergin feidmeegrelFa, Cb, Cref)

afaqi meaRGHNA DUk Rr 8K 'vgﬁatﬂe EleEﬁic q%r%ﬁﬁ‘t?hﬁcf'ﬂﬂiée ( Cr ef)
and a second capacita

magni t uA&rs pasll @rcwnsﬁefé Hﬁ"cg}f"f §%efi di'rst Swg?h'E%fﬁ@P? £Atkand
aindiuding i e6ich Misabajackaieq Chel ahe b \weeshd e pdckaricedBbeof an order

t. i..dl f tenti al d
BEnae g s Ge Rler saR UG PRAC RS A  cor of
magni t vaeecaigatech tdranectet detvotenssidivdriablst capacitance (Ccomb) and
C%%éfgl%rﬁ%g gol?egtn an%ﬁ%lu&?nl'ng QXI%FQGEQ(;%E%?{C@' (B9) BParPJ)l‘?JbFrbf magnitude

? are’ arranged
f@ﬁeatﬁrﬁﬂrdﬁhﬁtgofaiaph §tecaﬂ'acq ¥¥ger |ength than that of
t he precedi ng pul se across said control term nal of
saldflrst swi t chi ng nean to increase said high
vol t age an@o%olﬁyg@[rb%ccgrdmg ‘gég'%?” BHGErER s?'@ﬁﬁ?‘ﬂatﬂggﬂeans (REG)
t B.% aﬂl‘a&@@d lfcmg)r@ualag aquS?sS(ﬁ |srjed lengemthanthadterf thermbceaﬁng pulse

t SW

v%‘?rf’ﬁi;%a' fgntéoltl%cgm gz,{% r%Wﬂ@ﬁr ease%ng f(gg) tE fease said high
Whaltegranddo dravedpud amlsm of steates |e(nQEEI})13n meepramthm@ eullsé @eross said

p&ﬁn\ﬁoﬂeggo@ BHLIE i3k MR mbSROH bR SR RGP 6aRGRY
9. Control system according to claim 5, wherein said regulating means (REG)
are arranged for providing a pulse of longer length than the preceding pulse across said
control terminal of said second switching means (Q2) to increase said high voltage and
for providing a pulse of shorter length than the preceding pulse across said control
terminal of said second switching means to decrease said high voltage.

10. Control system according to claim 9, wherein said regulating means (REG)
are also arranged for providing a pulse across the control terminal of said first switching
means {Q1) to decrease the high voltage.
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control term nal of said second sw tching nmeans (Q)
to increase said high voltage and for providing a
pul se of shorter length than the precedi ng pul se
across said control 30 term nal of said second
swi t chi ng neans to decrease saild-hi gh vol tage. 10.
Control system according to claim9, wherein said
regul ati ng neans (REG are al so arranged for

rovi dj ul se .across the contro m nal of sajd .
i rot St Enttiey SVofBiiaeouing tog et Pl b 0o the regulating
vokebagere @50 ar]:éhge]:lih‘or Gionidingl a vyrg teein ptsedn dhangvend obdgtection of a

Fatlﬁlje%dﬁ 8r %len%f\'g arr\dt he regulating means are

al'so arraﬂged F oV ng a very long pulse in the
event of detection of a failure during the preceding

conmangh 5Séw§om§€ﬁééﬁéfﬁﬂbﬁm rﬁjr:ée k&Gt gyagmaaceer@wg% any of the

Sy stem accor to an% rece I Ng C| al s
W&F%@{‘% Flokag chﬁretcr%nze H hatwaid 6%e'wsah%m is sglacied fsgm among

fih@ﬁbl&imrﬁtﬂelefﬂéﬂtsf @éﬂv@ﬁ’mftﬁ ab@m?ﬂmtors@dummmbwr,, electromagnet,
e \F(t? & d%fp Qe; I% A ectromagnet, hands
%'FS %B'@ 0¥ & 168 USH"Fr spl ays. 10 13.

Servonechanlsn1accord|ng to claim12, wherein said
e O N8k BheSharth SLESHTA56 Bk 1 20 Are ULk Bimechanism is
m cro-e NEChanT cal emtechno
1dn elegtro%t@ﬂlcemetoe darmedihy ralpﬁaelat:tmsmepharp@ﬁ tSV%tamdﬁChr@JOQH (MEMS).
wri stwatch including a servonechani smaccording to
claims 12 or 13. 15

14.  Portable electronic apparatus, in particular for a wristwatch including a

servomechanism according to claims 12 or 13.



