TI MEPI ECE COVWPRI SI NG A GENERATOR DRI VEN BY THE NAIN gEFING
OF A BARREL The present I nvention concerns an

ti mepi ece of the type conprisjng an energy source fornmed of a barre
spring, which nmay be manually or automatically wound, coupled to an
alternating current generator 5 intended to power the electronic circuit
of the tinepiece, possibly via a rectifier. A descri ption of
such a tinmepiece is given in the SMnss Patent CH 686 332, this docunent
bei ng directed par t TEMEREEGE ((OME NGB GENERATOR: DRIVEN ng to sl ave
the 10 rotational speed ofpyl hEEPRENAEPRING OF RImsEmme Speed  which
corresponds to the correct running of the tinepiece, in so far that the
energy of the barrel spring is sufficient to nmaintain this rotational
speed at the r efiry engeespred. ikventionlhe comgelraki ngani r celécttomiti ons

in the foll th I

:generator ° O\Mec#elcsec pﬁ%% %?%QEPE}P{%Q%%BBM %%Eﬁgspﬁl rq%enggﬁ%ed
rotate too fasf arshrrel spsisgppwhichvoay age maviailw or ﬂdéqllt}@m;?ahi/lgher
than a referepgg yal Uéo&’%)hé&e Eéeq‘é%“CYaﬁéérxféR{m‘éed éxi%r?cff Qﬂéﬂavor

standard functioni'ng on basi s of a, horol ogjc artz. IS thus
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short-circui thd@sibly Reld @dlr@alth_y:lei:s i nduct ance wi ndi ng. The nunber of
tinmes t hat braki | S, necessary to,maintain th ggner at; th 5
noni nal speed is ﬁgﬁﬁ’éhp‘f"n@ SBFI élcps ?u}t ?e%ﬁﬁﬁ gind 85"Q(L‘progregs%vel y
decr eases wheswidm e:‘raa:eggt aCHUAB6a322l, i rthime documenitngbegiing odirected
e, regut al! ngafLieUd s el ikl bBiachipoley Lifbying £ BBLvEURRE) o

with alows prefera talnedthankstothe
CMOS tech@nolé‘g‘yathft-asl Speéﬁeﬁ&y Eléﬁs&?&ﬁr&‘waep%dé FebxrengsesPRF%n
the Vﬂtage whlm:él:@rféshﬁmas &d ket b@r@é&ﬁuk‘hnnﬁﬁg| efgthe tlil]tcn&p\ﬁebéage
is sufficient,to allaowt nct on|n on the. cquponents of .the .
circuit. Indetd, §9 ﬁg& EBﬁF %‘g HopL fbe&g%)ﬁ Bartel spring” is

sufficient to malnta:.n this rotational speed at the

reference speed.

15 The regulating circuit functions in the following
manner. During the normal running period, the generator
which is coupled directly to the barrel has the tendency
to rotate too fast and to thus supply a voltage having a
frequency higher than a reference value of the frequency

20 derived ffom a frequency standard functioning on the basis
of a horologic quartz. It is thus necessary to brake the
generator, which is realized by short-circuiting
periodically its inductance winding. The number of times
that braking is necessary to maintain the generator at the

25 nominal speed is high when the épring is fully wound and
progressively decreases when the energy accumulated in the
spring dies out.

The regulating circuit is realized in such a way that
it may function with a low supply voltage, which is

30 preferably obtained thanks to the CMOS technology. Its
energy consumption depends almost linearly on the voltage
" which is applied to the circuit, as long as this voltage
is sufficient to allow the functioning on the components
of the circuit. Indeed, if the supply voltage drops below



2 a critical value, the circuit stops functioning. It is thus true
that' fromthe point of view of |ow consunption, which is preferable to
ensure a | arge autonomy of the timepiece when it is not worn, it would
be advantageous to 5 operate the regulating circuit at a limt voltage
which is as close as possible to the cgitical voltage but which is
however sufficient for the watch to function correctly. However, if
the tinepiece is conceived in this manner, or in other words if the

limt voltage is 1 cl.gse i [tical_voltage, there is a
ri sk that tahe&m%%?%lwqf R ety %rgf%‘lrh%su%%‘% Hnarnsit ity (gﬁ’wd’wﬁi X
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gener at or sgppkv;n’tiag tilze pzﬁ@idx&bﬂag o I éndrd®y harge ha&itb:in%ﬁx& toei fm%rtant
vari ations due .t i.gnal .sp 5. variations t he _generator. These
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the way in 5 WRPEAtEhEhe inagpilatény scimauit Boraekimit evolteger ofwichodal
speed of the gaserabse ABYpYaHiblieN toA8eObr MBI PIvdBSYe budl WERh Shocks,
or abr upt movepent s of t%f weareé6 etc. If 5? sugh a,dlsturblng factor goes-
agai nst the maPt'ar At NGt o CLeREhEChohh 4R EFEt 5P DT C o5 69X XBRES- is a ri sk
that the  supply Hoveege ndf drbe belrepithe cisticabcedatade. inlThuthis _
irregulariti esphlnkhe sHNDL NGeidr thisrdd MEPI @GE 1Ryl d ‘Hﬁ.tagewl%\/%hqgghe' .
i ch may

The inventiQp t hus Eas its aimto provide a timepliece . Which unction
with a regdi®atitR§ ELPERI EOsEPPT i Stitiidat volsagappiheysl iage Filskatdat
substantial | y tberwabeh |wililt etdergy atajpmdunssaoyal oflefd sl 0Or (2 will
functioning, bypyknpguc Enﬁicatg\’aﬂh% haltdie rigq,ng ahES HIERI GGG glS MOt
di srupted by 30 _possible rotational_t1rregularities of “The generé%or.
This i nventi on°fhifehSENgTaLRr oBRRYYING dhectiesmileting cinepiecBakodgrisi ng
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be provoked by any exterior factor depending on the way in
which the timepiece is worn. For eﬁcample, the rotational
speed of the generator may vary in case of more or less
violent shocks, or abrupt movements of the wearer, etc. If
20 such a disturbing factor goes against the maintaining of
the nominal rotational speed, there is a xrisk that the
supply voltage may drop below the critical wvalue. Thus
irregularities in the running of the timepiece would be
unavoidable.
25 . The invention thus has its aim to provide a timepiece
which may function with a regulating circuit supplied with
a supply voltage situated substantially near the limited
value necessary for its correct functioning, but in such a
way that the running of the timepiece is not disrupted by
30 possible rotational irregularities of the generator.
This invention thus has as an object an electronic
timepiece comprising :
- a generator for generating a supply voltage of a
first predetermined value U,;

35 - a barrel with a spring coupled to and driving
said generator;

- a winding mechanism coupled to said barrel for
winding the spring;



sai d generator; . - - a winding nmechani smcoupled to said barrel for

Wi ndi.ng the spring; 3 - a
set of time indicating hands al so.driven by said barrel, and -
an electronic circuit which requires for its operation at |east a | ower
limted supply voltage having a 5 second gredeterm ned val ue U2,

said electronic circuit conprising a tinebase and a regulating circuit
for regulating the rotational speed of said generator so that said set

of hands is driven at the nom nal speed indicating the correct time, 10

sai d timepi ece bei ng char setemifzetirien indiciatinouridrnds alsonprives oy
vol tage regul ats%rldcgggggi edypet ween sai d generator and said el ectronic
circuit and capabl e of adjusting its output vol tagrq tQ said_second

limted val ue W2 "or i GHEFYE e EFCELTal YRICRInFSHITRS: §8F 1tShe

rati o between tdperaidohuse ledsteal dowgr ohmaa:et;ﬂ fsupplly voptagketlmawimed val ue

Uerr] and s n n I U2 satisfies the relationship
%[ é&re%i%ﬁa Feréﬁ@'%tﬁ] @d %Qlﬂé‘ act of

[err]=k[err] correspondi eg at Ieast to
the maxi num expect egaid @&?FE’E?W r‘é‘t”é—'”&ﬁ'— SAHRrIELBY uke BAHCHESEerPE \hen

said 20 tinepi esgnilatdagncircuit fod tregolibensgf then rbeseidmesd wsmsead hali t he
electioni ¢ SiLUdehebhesd iR Sead e %%Shanagpggyd}fgé,spl

is sufficient to av :Haﬁ;tlon unctionin |net|c.
i nfl uences act inRPi®T1t Fread cindhicesingsthe FRIGRSH $18€: t he ti nepi ece when it
is worn. 10 O keid terdpice balifly ddveadgesedofin thac ptesepther

i nvention wll g‘ﬁ’o gs%rﬁadgo[)e 1 cl ear Irggufggor rg(?rgr{en h%etwe f ol I%)v& ng

descri ption, non- g exanp B oh y and
in which refer e’rﬁr@na:tonrad@ndosaédt r@l%ﬂm@ deavtwifs, and wepppble of

- the sole figu®hawy acsi BRthdd asbitaeK tdi @ghdMsecond limited value
U, or slightly above this wvalue, and in that

15 the ratio between the absolute value U, of said flrst
predetermined value U, and said second predetermined wvalue
U2 satisfies the relationship 0,=k:U,, in which k is a
factor corresponding at 1least to the maximum expected
variation rate of said absolute wvalue 0, when said
20 timepiece is worn.

It follows from these features that the electronic
circuit of the timepiece receives a supply voltage which
is sufficient to avoid interruption of the functioning
despite kinetic influences acting on the mechanical

25 components of the timepiece when it is worn.

Other features and advantages of the present
invention will appear more clearly upon reading the
following description, which is made by way of a non-
limiting example only and in which reference is made to

30 the annexed drawings, in which :

- the sole figure shows a simplified block diagram
of an example of the timepiece according to the invention.

Reference will now be made to the only figure in
which it can be seen that the timepiece accoxrding to the

35 invention comprises a generator symbolized by rectangle 1
comprising a magnetic rotor 2 and at least one winding 3.
The rotor is coupled mechanically, for example via a
wheel-train 4 symbolized by dotted lines, to a barrel 5 in



of an exanple of the tinepiece according to the invention.

Ref erence will now be nmade to the only figure in which it can be seen
that the tinmepiece according to the 35 invention conprises a generator
synbolized by rectangle 1 conprising a magnetic rotor 2 and at |east
one wi ndi ng 3. The rotor is coupled neeghanically, for exanple via a
wheel -train 4 synbolized by dotted lines, to a barrel 5 in

4 which is l.ocated a spring 6. This spring may be wound by a known

wi ndi ng nechani Sg}i ﬁhi‘Ch i s either manual or . automatic, and which is
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to a full wave rectifigr 10 pyovidin ont i nuous voltage ]

having a val ue Whi & 1t &eEPiymts ylﬁes‘%“fhi]ﬁ 3 vaFué oPrefetemigiasht i ng
vol t age of tfhreqyeney at for éthamplid {2l .Sndiz beltg mietimali, ned babsolute
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i ntegrat ed ciTr c TREIYMHERR HFudey 8fafor exIcndnPsvebEsi ng a regul ati ng

circuit of the rotatbnahould be noted that the invention is not limited
to a generator providing an alternating voltage, because a

generator providing a continuous voltage may also be used.

In the present example, generator 1 is of the

20 alternating type and is connected to a full wave rectifier
10 providing a continuous voltage U,' having a value which
is slightly less than the value of the alternating voltage
of the generator, the difference being determined by
losses, which usﬁélly are low, provecked by rectifier 10.

25 ; The timepiece also comprises a quartz oscillator 12
associated with an integrated circuit 11 having several
components forming a regulating circuit of the rotational
speed of generator 1. Standard frequency quartz oscillator
12 provides a pulse signal, for example at a frequency of

30 32'768 Hz, to a frequency divider 13 of integrated circuit
11, this divider may be obtained for example by way of an
EEPROM circuit. It comprises a terminal 14 providing a
signal having a frequency which corresponds to the nominal
frequency which the generator 1 should provide so that

35 hands 7, 8 and 9 indicate the correct running time. In the
described example, this nominal frequency is 21.3 Hz. The
output 14 is connected to the up-counting input 15 of an
up-down counter 16.



speed of generator 1. Standard frequency quartz oscillator 12 provides a
pul se signal, for exanple at a frequency of 30 32'768 Hz, to a frequency

di vi der 13 of integrated circuit - 11, this divider nmay be obtained for
exanpl e by way of an EEPROM circuit. It conprises a termnal 14

provi ding a si gnal having a frequency hich corresponds to the nomi nal
frequency which the generator 1 should provide so that 35 hands 7, 8 and 9
i ndicate the correct running tine. In the descri bed exanpl e, this
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a functlon ofcorrasenondnng poedefferquency cHnaltl s, tlpy ovonmtesntsAnof

out put si gnalp—tdbw%n Ruhpuel i@ré‘i‘l&gbd e é&alco&d'ééz%“sat?eéﬁ@ end of

materialized by ¢ ing a certain_n er of elementary gates
conpose this | o‘%ﬁ"g‘ FIEFEPBRCR i 9 e opbput volfipgesiogngenerat®ntl at out put
termnal 21 is appl i@ outpattée chatumdemineciouaderofisaiswebshédged ogponent

22 whi ch ie@cﬁs&ggy &%{tsrl%hs &ﬁecﬂtakbagfﬁg Cgi,lene gt o[ ]fur%ﬁggrtof
circuiting the win ener at or Chln
certaln predeterm:.ned condlt:.ons, prova.des an output
signal to an output terminal 21, the conditions being
materialized by cabling a certain number of elementary
gates which compose this logic decision circuit.

20 The signal present at output terminal 21 is applied
to the control electrode of a switching component 22 which
selectively controls the braking of generator 1 by short-
circuiting the winding 3 of this generator. This switching
component 22 may be a MOS transistor having its source-

25 drain circuit comnnected between the terminals 1la and 1b of
generator 1.

Integrated circuit 11 comprises supply terminals 23
and 24 which are respectively applied with a voltage Vs
and with the voltage V, of the integrated circuit.

30 It should be noted that the particularities of the
regulating circuit mentioned hereabove, are only described
to recall a particular embodiment forming the object of
European Patent Application EP 97 112 585.1 in the name of
the present assignee. However, the present invention may

35 also be advantageously carried out with different types of
regulating circuits which assure the regulation of the
running of the timepiece. It should however be noted that

integrated circuit 11 is a low consumption circuit, i.e.



conponent. 22 may be a MOS transistor having its source- 25 drain circuit

conriected between the termnals la and | b of generator 1. .
Integrated circuit 11 conprises supply term nals 23 and 24 which are
respectively applied with a voltage V[err] and with the voltage V[err]
of the integrated circuit. 30 It shouid be noted that the _
particularities of the regulating circuit nentioned hereabove, -are only
descri bed to recall a particular enbodi ment form ng the object of

Eur opean Pat ent Application EP 97 112 585.1 in the nane of t he present
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not ed t hat ??ﬂ‘@éjreéit &y 8??%{1?’%“111 ‘is a I ow consurrpt i on circuit, i.e.
6 it functi onsranicriiagsuppltirevdbt-agei s, cbupgslymr:é\nhﬁseslst hzm angt hat

of the absol gt e;yalue @c[rﬁ{er]teaf cbhe Qogﬁ@% v&} tage lglg?ter OVI gd by

generator 1. ccor I'ng to t eiln I on, supp and 5
24 are connect ethiD FREUBREFUL 16f oERRFivEge F‘égLHI?ﬁVGIdeZSat ltﬁhl Qultegtll at or

i s conceived toz:a‘m:mﬁai& at théS Qléblﬂgtatedl t&fdﬂt&@éSThﬁQ@mgf egy at ?@c?iﬁ@ tage
havi ng a eter ne val ye Is _.valye e
vol t age cor?éspon(?s 0 or FI ghfl y J#rl'lore t Fah'$ heof wng’ Ilf‘ﬁof"tiﬁe
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operate corLectyyltdyest %rzalar&[m@allpuéltagélolv&rﬁ% Li%t%brbbedvghkéﬂft 11

regul ator is chosen betwee 5% above bet ween 2%
and 5% above the o> % gbg{at‘i’?ﬁf té:é’&rSFt?‘}ﬁt egé’%ﬁ%f%lg’cw fuput 15
The conti nuous mﬂttfﬁne \Hal odgahe? wofl tegguiragetadsyr i s choserh besweéﬂnat)%t he

maxi mum or absoial es%{aéyévé eréd Sfefdi@bly HekGeBAl LRI MY 1 +€ <! 1[1
provi ded by the J’Eerator The rel ati onshi p between the v ues |err]
and U err] nay :ﬂ[tfs é:oeratlng voltage of integrated circuit 11

1

The continuous output voltage U, of regulator 25 is
much less than the maximum or absolute value 0, of the
alternating voltage U, provided by the generator 1. The
relationship between the values 0, and U, may thus be
described by 0,=k-U, in which k is a factor corresponding
20 to at least a maximum expected variation rate of the

nominal voltage ﬁl of the generator, when the generator

functions in a non-braking state, when wearing the
timepiece. The variation rate means here such rate will
only change with fluctuations which undergoes voltage Cfl
25 due to rotation irregularities of the generator which are
due to mechanical phenomena acting on the timepiece when
worn. As such, voltage regulator 25 is then capable of
smoothing out any fluctuation present at its input
compared to integrated circuit 11 which thus always will
30 have a voltage available which is at least equal to the
lower limit value which it needs to operate correctly. In

a practical example, it is thus noted that the wvariation

rate of the nominal voltage of the generator may be 20%

when the watch is worn, so that the factor k should be
35 preferably at least equal to 1.2.

As an indication and by way of example only, the
following values of voltages may be chosen :



described by [err]=k[err]Uerr] in which k is a factor corresponding 20 to
at ‘l-east a maxi num expected variation rate of the nom nal voltage 01
of the generator, when the generator functions in a non-braking state,
when wearing the ti mepi ece. The variation rate neans here such rate w ||
only change with fluctuations which under%es voltage [err] 25 due to
rotation irregularities of the generator ich are due to nechani cal
phenonena acting on the timnmepiece when worn. As such, voltage regul ator
25 is then capabl e of snoot hing out any fluctuation present at its input
conpared to integrated circuit 1lgwhiahd Rysyalavaysy will 30 have a vol tage
avail able which is at |east equal to the fower limt value which it
needs to operate correctly. In a practical exanple, it is thus noted
that the variati on The rupléage reguinfiimalaw det afe aoly tEpprgenéabéotypay be

20% when -t hepwetrds by Wek Necorffimigtabnt bﬁoéa@é&hdioa?w' d be 35

preferably aL |east equ 2. an_indi cation and by way of
exanpl e onl y?’ t he It fsg’lc’f‘ga/i éﬂlﬁ Ynderssogs éﬁ?’f attR PREFRE dRysehion 1s

7 not limited t¢eth¢ dedcHibedUpedr |reprks¥nted embodifBgt
vol tage regul atgks sy Penfl, Ve RARRF QRL ke %‘&Ej bt ai ned by | ow
consunpti on CMOS %echnol gg)%. 5‘5 e By I% S Ole.l{t eé)'under stood that the
present invention is not limted to the described and represented
enbodi nent which is only given by way of exanple.



8 CLAI M5 1. Electronic tinmepiece conprising - a

generator (1) for generating a supply voltage ~of a first predeterm ned
value Uerr]; - a barrel (5) with a spring (6) coupled to and 5
driving said generator (1); - a windi ng nechanism (5') coupled to
said barrel (5) for winding the spring(6); - a set of tine

I ndicating hands (7 to 9) also driven by said barrel -{5),--and 10 . = -
an electronic circuit (11, 12) which requires fogI |dts operation at | east
alower limte y vol t age havi ng a second predet ﬁuﬂﬂm m
sai d el ectroni gg%i?%nt conprising a tinebase (12) r" l "M" ,

circuit (11) for regulating the 15 rotational speed of ‘safd Gerfer at or

(1) so that said set 10l mlechiafile: ¢inkBiSbe| Sofiiliengal the nom el speed
indicating  the correct tine said t1nmep| gce bei ng characterized

inthat it further ~ cﬁnﬁ???é%t%r vbh aﬁ‘érrgﬁﬁ?%ﬁ‘b‘rng( 25) SERphecvelitage ween
said 20 generabra f(lr)stapdeéme:knelredt rabue wji;rcuit (11, 12) and

capabl e of adjusting itg ‘BHEE‘Hi Xg qg%htoasgbglr?%e]c?@p coul imdt dr?zl%lééle U2

or slightly aboye this val ue, eratio
absol utge val Ue %‘é"r"rl]“gomsaégl %Ierf‘?rra§t°r (1hiedet er mi ned val ue U[err] and said
second predeterm ned va&umﬁ&:.nd;JZméatar&fs:zesw he éRlpitddonsdli $aid barrel

[err]=k[err]U e(g)] ’fé’rj Qlﬂ@iﬁgt&ei rgngo{gg_ctor corresponding at least to

t he maxi mum expecte variation rafe’of said absolute value 01 when said
timepiece is worn. ~— @ setp offj ripe edadieabint nhards cl(di ntd, 9) also
characterized idrid@n bi}abaicblﬁaiﬁfdlor(SK ianaocat ed between 1.2 and 1.5.

3. Ti mepi ecgyaccordi_ng LR S{WardNS of ¢l ai ns aracteri z

that said second predet&rm necf' vt t]%)S(Vhr’rﬁg TegnYt ot eg%? abl y
2 to 5% nore tHdif t AReYaion at| |3mats<§d a/olltoalge atimittiedh sgipl.yel eoltaye c

circuit (11) camwihg 8t bebohddRtermined value U,,
said electronic circuit comprising a timebase (12)
and a regulating circuit (11) for 'regulating the
15 rotational speed of said generator (1) so that said set of
hands (7 to 9) is driven at the nominal speed indicating
the correct time,
said timepiece being characterized in that it further
comprises a voltage regulator (25) connected between said
20 generator (1) and said electronic circuit (11, 12) and
capable of adjusting its output voltage to said second
limited value U, or slightly above this value, and in that
the ratio between the absolute value 0, of said first
predetermined value U, and said second predetermined value
25 U2 satisfies the relationship 0,=k:U,, in which k is a
factor corresponding at least to the maximum expected
variation rate of said absolute value 0, when said
timepiece is worn.
2. Timepiece according to claim 1, characterized in
30 that the factor k is located between 1.2 and 1.5.
3. Timepiece according to any one of claims 1 or 2,
characterlzed in that said second predetermined value U, is
0 to 5% more, and preferably 2 to 5% more than the lower

limited voltage at which said electronic circuit (11l) can
35 still function.



