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given quantity of sup g
Unbalance ype vubratmg evices mounted on a rotor are known to those

skilled in the art. In these devices, typically, the unbalance rotates at a speed of
several tens of revolutions per second thanks to an electric motor powered at a power

' ) 20 of several tens of milliwatts and started at the moment when the occurrence of an
event has to be perceived by the wearer.

These devices have the main drawback of consuming a lot of energy, which is
incompatible with the requirement to miniaturise batteries and components
encountered in the horological field.

25 European Patent Application No. EP 0 625 738 in the name of the Applicant
discloses a device for making a unit such as a watch vibrate. This device includes a
coil electromagnetically coupled to a moving mass.

This Patent Application does not disclose the features of the coil excitation
means. Having said this, those skilied in the art know that pulses whose frequency is

30 equal to the natural mechanical oscillation frequency of the mass have to be applied
to the coil in order to obtain maximum vibration amplitude for a given quantity of
supplied energy.

However, in practice, this natural frequency is difficult to determine rigorously.
First of all, it varies from one moving mass to another because of manufacturing
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which are of the order of 15% Then, it varies as a function of the way in
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f or measurdengscillation during the period that the device vibrates.

_ Given that the natural oscillation frequency of the unit is dependent on the
conditions of wear, this frequency can vary substahtially during the period that the
25 device vibrates. Thus, a major drawback of the device disclosed in the
aforementioned US document No. US 5,436,622, lies in the fact that it cannot respond
to a modification in the natural oscillation frequency during vibration of the vibrating
device, the measurement only being carried out when the-device is next activated.
The energetic yield of the device is thus not optimal, such that an alternative solution
30 has to be sought. According to this US document No. 5,436,622, it is suggested in
particular that the vibrating device be fitted with an additional sensor for measuring the
oscillation frequency, as this appears in Figure 5 of this document, in order to allow
the oscillation frequency of the vibrating device to be adapted during the oscillation in
progress.
35 European Patent Application No. EP 0 938 034 in the name of the Applicant
discloses an advantageous solution according to which the natural oscillation
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frequency of the vibrating device is determined during each period (or half-period) of
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‘not, however, appropriate because of the rapid damping of the oscillations, which
" involves generating a driving pulse of greater intensity in order to maintain the
oscillation of the unit and which consequently generates higher power consumption.
25 It is thus another object of the present invention to propose an alternative
‘solution to that disclosed particularly in European Patent document No. EP 0 938 034
which allows an adequate response to be made to variations in the natural oscillation
frequency of the device and which remains easy to implement.
It is also an object of the present invention to propose a solution that is more
30 robust and more stable than the solutions of the prior art.
The present invention thus concerns a method for driving a vibrating device
intended to be fitted to a unit carried close to the body in accordance with the features
of the independent claim 1.
Advantageous implementations of this method form the subject of the
35 dependent claims.



30 robust and nore stable than the solutions of the prior art. The present

I nvention thus concerns a nethod for "driving a vibrating device @99§E¢§905
to be fitted to a unit carried close to the body in accordance w

features of the independent claim 1. Advantageous inplenentations of this
met hod formthe subject of the 35 depepdent clains. 17/05/2005 4 The
present invention also concerns a vibrating device intended to be fitted to.
a unit carried close to the body in accordance with the features of the
i ndependent claim4. Advantageous enbodi ments of this vibrating device
f orm t he subj edtheqfresddnt inventitepaiss esriceaisoa vibratiAg clevide m;eridbdttbébei flie@nd i on,

e o BurERPRADG5ed foSAH BAGY nocbRiEntd QA Bau e ke iebGiiarlel L oy "

once and act i vati puI ses
are gener gladm 4at t he end of a det erm ned and non-vari abI e interval of tine

that is in partiguh@EesRPERESHhe mﬁ[@otfhﬁs{)iﬁ%'iuHégerg%fc?rﬁ{t‘nb%ﬁbﬁﬁfoﬁﬁ the

begi nning 10 of actlvatlon and ch 1's cons rom the HoNent when the
novener®t 98BERIEMt ClaNs-age generated across the coil terminals crosses its

rrefn | evel . TPIA%cdSk@mth@fth@ihkléntldnl ﬂ‘iéddﬂrﬁfr\ggb?ag%g rﬁl{é‘égf@ﬁ%&é‘ttﬁéa twgfk.gfﬁ gand does
no necessar| re a n u
osci | | ati GRVIFS éqth%g?teﬂf““f"ﬁgna"ee?%g’ alfﬁﬂ‘@\ e baomming®f siactivationedbal of time
bet ween t keving palseﬂgre)gertdnaemaamel endedf acﬂetérhﬂnéﬂ)ar&imﬁ-vaﬂm&ﬂttﬂég oV?' ': age
dth u n_.a a ation
_.__aP thee 19 rﬁ@%tr}g%\tégﬂ" é’é%&?&‘ré Fi vﬁﬁ% aF%&E’egfgarﬂgﬂng?theSEQ'HB'H t hel ess
carri d@ oot actlyatt@rug@d whigh ig mad@kaﬁﬁr@y thehmomentiwben the magement indimed its
mean | evelgpg %edengﬁﬂ?d Q&r‘ogﬁheoéo:l"i‘eﬁ ihal$ BdsBad |§semle§n fevBE%fs' r?ﬁ d\%ﬁ'lﬁ&l? the

i nst ant aneous natural oscillation equencKrée
noverent Hm@detyal ean kg eredstermined ang dlogs np 0\¢é$if&¥ tequise arprelimipaiyng 20 mass

whose osc hie’aglhﬂeﬁlénf bﬁtﬁéeﬁﬁ)fal%'bﬂlgﬁcﬂpf?&ﬁlehey Bhlﬂe %Qlﬁé afnyse ﬁ ﬁ%e

[l at he novin Furt her nor e, outlonls
(r)rgfle r gbhg‘? ri"'f‘,éﬁq &%‘GWR fheerosst ’Pﬁiﬁ@af‘ ievehef thamvsrﬂ@m i”@H@Qﬂ Eur opean
Pat ent15d ovmltmetanﬂkthe E&é}aﬁcﬁﬂofﬁﬁé follbwlﬁgftmv&@md iBdiked, Qm ad#PtioR of thenot

f d 25
the. pr ecclirufT el bfien e iind BIRES S Rne ted Paioeiless carEdd nat abi | | Ly
in the deb&@@lse thentirve thkenhy thainduedéd valtage ltaréash itsmeepnclaes! after gmwaﬁqmd once
and for ahfj W;fﬁ;ffl\; &trﬁ?e geyﬂfﬁ%tlor%ﬂﬁé %siaﬁwté(ﬂe%'h?tnﬁttﬁél%stzmétf%nn@ér%feﬂl&x Gl lnl ation

frequency de tine I nterva start
noverment P aeteddhatdne a@ae@eats@@sceidtvgltmss th@mge efribie weloeifeofdhel n’@Mnﬂhl c h

the dppvi mgsPuwhsse bscillalioR Bre§88IRYy2oREsponds to the natural mechanical oscillation
frequency of the moving mass.

Furthermore, this solution is more robust than the solution recommended in the
aforementioned European Patent document No. EP 0 938 034, in the sense that the
device is not sensitive to an error in the measurement of the natural frequency during

25 the preceding period of oscillation, which error can generate instability in the device.
Indeed, the natural oscillation frequency is measured once and for all when the device
starts to vibrate and this natural oscillation frequency determines the time interval
starting from the moment when the movement induced voltage crosses its mean level
and at the end of which the driving pulse is to be generated.

30 - According to the present invention, it will be understood that a compromise is
thus achieved. Indeed, although the natural oscillation frequency is measured once
and for all when the device starts to vibrate, frequency variations due to variable
conditions of wear are nonetheless taken into account, to a certain extent, because of
the fact that each driving pulse is generated at the end of a determined time interval

35 considered from the moment when the movement induced voltage generated across
the coil terminals crosses its mean level. There is thus an intimate relationship
between the induced voltage generated across the coil terminals and the generation
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movi ng maggg(not shown) inside the case intended to transmt vibrations
thereto and a cqoil 25 el ectromagnetically coupled to the noving nmass. This

coil is schemat figkre v IWsBalesian iPplemestationrxample ofd erincinie BYowing r ef er ence
L. 129 fbvartoltadksapfesarratdnddend of sadhedriviry pulsefoaid Mtepdd bei ng set to a
zero voltage ( ﬂ{g lﬁ»PeQerred embodiment, the device according to the invention includes
similar structure members to those disclosed in the aforementioned European Patent
Application EP 0 625 738. It thus includes a case (not shown), a moving mass (not
shown) inside the case intended to transmit vibrations thereto and a coil
25 electromagnetically coupled to the moving mass.
This coil is schematically shown in Figure 1 and is indicated by the reference L.
Its first B1 and second B2 terminals are capable of being set to a zero voltage (ground
Vss) or to a voltage Vear depending on the state of four transistors Q1, Q2, Q3, Q4.
The four transistors Q1, Q2, Q3 and Q4 form an H bridge for controlling the
30 vibrating device in bipolar mode. The H bridge thus includes a first and a second
branch including transistors Q1 and Q2, respectively transistors Q3 and Q4, series
mounted between voltages Vgar and Vss. More specifically, transistors Q1 and Q3 are
p type MOS transistors, and transistors Q2 and Q4 are n type MOS transistors. As
can be seen in Figure 1, the first terminal B1 of the coil is connected to the connection
35 node of transistors Q1 and Q2, and the second terminal B2 to the connection node of
transistors Q3 and Q4.
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skilled in, the art can refer to the aforenentioned Europedn Patent *
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for transistors Q1, Q2, Q3 and Q4 of the H bridge to ensure the generation of the
15 starting pulses and vibration driving pulses of the vibrating device, and, on the other
hand, for-measuring the frequency of induced voltage U, derived from comparator 2.
We shall not dwell any further on the making of logic circuit 3. Those skilled in

the art can refer to the aforementioned European Patent Application No.

EP 0 938 034, which is incorporated herein by reference, to obtain the information
20 necessary to enable them to make the device according to the present invention in
practice, on the basis of the indications that are provided hereinafter.
As illustrated in Figure 1, the device further advantageously includes a voltage
divider able to be switched on, globally designated by the numerical reference 4
- responsible for imposing a determined voltage at the inverting input (negative input) of
25 comparator 2. This voltage divider 4, here in the form of a resistive divider, forms a
means for fixing the negative input of compafator 2 at a determined potential, only
when the movement induced voltage U,.q is observed, i.e. between two successive
driving pulses, when coil L is in the high impedance state (Q1, Q2, Q3, Q4 in the non-
conductive state). This resistive divider is switched off in the other phases.
30 More specifically, the resistive divider 4 including a series arrangement
between voltages Vgar and Vss of a first transistor Q10 (p type MOS transistor), of first
and second resistors Ry, R;, and of a second transistor Q11 (n type MOS transistor).
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N necessary. It will also be understood that a different mean level from Vgar/2 could be
' fixed by resistive divider 4. The example that is presented here is particularly
advantageous insofar as it is desirable to process the signal generated at the

25 comparator output in a digital manner. _

Figure 2 shows schematically two diagrams, respectively, of movement
induced voltage Uins and the shape of the driving pulses generated over time. As
mentioned hereinbefore, the mean value of movement induced voltage U;qq is fixed at
level Vgar/2. This induced voltage has a period T (or in other words a frequency f),

30 which is partly determined by the conditions of wear of the object in which the vibrating
device is incorporated. The frequency f of this signal essentially corresponds to the
mechanical resonance frequency of the vibrating device.

As can be seen in Figure 2, the driving pulses are generated in phase with the
movement induced voltage. Driving pulses of positive and negative polarity 21, 22

35 thus follow each other alternately over time. More specifically, the driving pulses are
substantially generated in phase with the extrema of movement induced volitage U;n.
From the energy point of view, it is in fact preferable to generate these driving pulses
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- to the half-period of oscillation of movement induced voltage U,q measured during the
25 preceding period. '
Conversely, within the scope of the present invention, the measurement is
carried out once and for all when the device is made to vibrate, such that the time
interval T* separating two successive driving pulses will not be exactly adjusted to the
instantaneous period of oscillation of the device. By extension, this measurement is
30 not, a priori, necessary and the time parameters defining when the driving pulses have
to be generated can be fixed beforehand on the basis of a typical or nominal
‘oscillation.
According to the present invention, as will be seen clearly hereinafter, this time
interval T* varies nonetheless as a function of the instantaneous oscillation frequency
35 without it being necessary to carry out an exact measurement of this frequency during
each oscillation. Consequently potential problems linked to an error in measurement
of the instantaneous oscillation frequency are avoided, given that this measurement is
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phase, called the drlvmg phase, which extends until the end of the vibration of the
device. During this third phase, driving pulses 21, 22 of alternate polarity, substantially

peno
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in phase with the extrema of the movement induced voltage, are generated in
25 accordance with the principle that was presented with reference to Figure 2.
| During the driving phase, at the end of each driving pulse applied to coil L of
the vibrating device, it will be noted that the simultaneous blockage of the four
transistors Q1, Q2, Q3 and Q4 of the H bridge results in the appearance of an
overvoltage of opposite polarity, designated 40, whose time constant is dependent
30 upon the characteristics of coil L, particularly its electrical resistance and inductance.
We will return subsequently to the question of these overvoltages. '
_ With reference to Figures 4A to 4C, the driving principle of the vibrating device
according to the present invention will now be described in detail. For the sake of
simplification, it will be noted that the overvoltages that have just been mentioned
35 have not been shown in these figures. Also for the sake of simplification, voltage B,
across the coil terminals has been shown as having a zero mean value and not a
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25 It will be understood that time interval T* separating two successive driving
pulses 21, 22 is partly determined by the time interval Ti,puse. Time interval T* is
further determined by the time taken by the moving mass to return to its median (or
rest) position with respect to the colil, i.e., in other words, the time taken by the
movement induced voltage to drop to an amplitude (with respect to its mean value) .

30 which is zero. In the figures, this time is indicated by the reference Trom.putse-
Consequently, it will be understood that the time interval T* between two pulses is
dependent on two factors, one being a determined and non-variable time interval,
Tho-puses @nd the other being a variable time interval, Tyom-puse. depending on the
conditions in which the vibrating device is worn.

35 According to the present invention, it will thus be noted that, although the
frequency measurement only occurs once the vibrating device is started (or is

“alternatively fixed beforehand), the frequency at which the driving pulses are



20" period To. Mre specifically, this tine interval Tto-pulse has a value
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with respect to nominal frequency f,. This also results in a modification in the
movement induced voltage frequency and thus in voltage Vg, across the terminals of

25  the coil which is schematically illustrated by curve c in Figure 4C. By way of
comparison, curve a of Figure 4A is also illustrated in Figure 4C.

In the situation illustrated in Figure 4C, it will thus be understood that the time

Tiom-puise taken by the movement induced voltage to drop to a zero amplitude with |
respect to its mean value is consequently longer with respect to the situation

30 illustrated in Figure 4A. Since time interval Ty, ouse at the end of which the next driving
pulse is generated, remains fixed, the driving pulse (22 in the figure) is applied with a
slight phase error (lead) with respect to the extrema of the movement induced voltage
as can be seen by comparing the position in time of driving pulse 22 with respect to
curve c* which illustrates the evolution of the movement induced voltage in the event

35 that no pulse is generated. The energy balance, in this case also, is better than in the
case where the driving pulses are generated periodically at fixed time intervals as in
the solutions of the prior art.



pul ses are generated periodically at fixed tinme intervals as in the
solutions of the prior 20 art. Figure 4Cillustrates the opposi t?796§920'65
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nom nal frequency f0O. This also resultsign a nodification in the novenent

I nduced vol tage frequency and thus in voltage V812 across the term nals of
25 the coil which is schematically illustrated by curve ¢ in Figure 4C. By
way of conparison, curve a of Figure 4Ais also illustrated in Figure 4C.
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-_ I § 2 by a digital filtering means, in order to prevent these mean value crossings due to
overvoltage being detected as the desired mean value crossings, i.e. the specific
moments which determine the time of generation of driving pulses.

25 . In addition to the analog solution, one solution consists for example in inhibiting
comparator 2 during a determined time interval after interruption of the driving pulse,
such time interval being selected to be greater than the time during which the
overvoltage is produced.

According to another solution, in order to carry out “digital filtering” of the

30 overvoltages, several successive samples of the signal produced at the output of
comparator 2 should advantageously be examined. Figure 5 schematically illustrates
voltage Vg1, present across the coil terminals and overvoltage 40 appearing at the end
of the generation of driving pulse 21. As schematically illustrated, the signal is
sampled at regular intervals designated T, such that a series of signal samples is

35 . produced. It will be noted that the scale and the number of samples is presented here
solely by way of example.
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described in the present description without departing from the scope of the invention
defined by the annexed claims. In particular, it will be recalled that it is not a priori

25 necessary to carry out a prior measurement of the oscillation frequency of the
vibrating device and that the time parameters defining when the driving pulses have to
be generated, namely particularly time interval Tyo.puse Can be predetermined and fixed
to a nominal value. The prior measurement is nonetheless preferable in the sense that
one optimises the operation of the vibrating device by being as close as possible to

30 the natural frequency of the vibrating device at the moment when.it is activated.



the mean | evel produced follow ng an overvoltage. One shoul d al so consider
the delay caused during determ nation of- nean | evel crossing O, i17?052‘5|0%¥>
TN whose value is equal to Ntines sanple period TH, and subtract "thi

delay fromtinme Tto-P,,,Ser until generation of the next driving pulse
defined in the expression (1) hereinbefidr-e, as is 20 schematically
Illustrated in Figure 5. It will be understood that various nodifications

and/ or inprovenents obvious to those skilled in the art can be nmade to the
driving nethod and to the vibrating device described in the present
descri pti dBLAIMBout departing fromthe scope of the invention defined by
the annexed clains. In particular, it will be recalled that it is not a
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-l east 28neosgillate.i ng pul se (31, 32) is generated to cause said vibrating
.device to 3. Method according to claim 2, characterised in that, following forced
oscillation of said vibrating device, a natural oscillation frequency measurement is
| carried out so as to fix said non-variable time interval (Ty.puse) at the end of which
each driving pulse (21, 22) is generated from said mean level crossing of the
25 movement induced voltage.
4. Vibrating device intended to be fitted to a unit worn close to the body,.
such as a timepiece, including a case, a moving mass inside said case intended to
transmit vibrations thereto, a coil (L) electromagnetically coupled to said moving mass
in order to make it vibrate, and an excitation circuit (1) for exciting said coil (L), said
30 excitation circuit being arranged to produce a set of driving pulses (21, 22) of alternate
polarity and of determined duration (Tuse) Substantially coinciding with the extrema of
the movement induced voltage (Uing, Vs12) produced across the terminals (B1, B2) of
said coil (L), '
characterised in that said excitation coil (1) is arranged to generate each
35 driving pulse (21, 22) at the end of a determined and non-variable time interval (T,



20 oscillate. 3. Method according to claim 2, characterised in that,
followng forced oscillation of said vibrating device, a naturall7/05/2005
oscillation frequency nmeasurenent is carried out so as to fix said
non-variable tinme interval (Tto-pulse) at the end of which each driving
pul se (21, 22) is generated from sai d-féan | evel crossing of the 25
novenment i nduced voltage. 4. Vibrating device intended to be fitted to a
unit worn close to the body, such as a tinepiece, including a case, a
noving mass inside said case intended to transmt vibrations thereto, a
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(0) of said novement in ol tage I me 1nterva
(Tfrom pull®dnclugggen by sai d nmovenent induced voltage (Uind, VB12) to reach

- said nean IeveLaﬁrwﬁﬁdgwnéuganngtrrétlaad@aébrfafbranafeg\eaeg.rmfucmegéaé.rof-’Z) bei ng
_determ ned t he instantaneous natural oscillation frequency of the

vi br at |%gtréé§'§@é9 (@1, Qe 1% N4 serieserapesied Sstvurentwe supalyweterfialst(Vedri ch sai d

driving p%@?ﬁalﬂ 23il b@iRY canmect@rmeRSleatlinals (Ba/ B2)Hsktweén the cdrrEétRm accor di ng
to claim4 |d excitation circuit (1) includes: -

t
~an H bri ngd?%gtﬁa?rﬁas'F °Fss?fn%ﬁ‘fﬁ%§%§nd branches each including a pair of
10 transi st or s-a@bmpakato ) inghidingdirstemdesesard inpdtshemnneetad touhesaprhals

potent i al g { WAL sail T8 (L) HhiGRAdd BUMINFABNBRAGHRY,) bbdsk B eWnals( B,

B2) betwe connec ransi's each branc
corrpar1§t oef $aig cpihd)irnchg first and second i nputs connected to the terni naI S

(61, B2) of SaLQI@g}?&: Lirduid Jsﬁﬁmbméw?eoﬁtfbumgnhé Etatd B@thé@ahé@ﬁ)rs((@llz) acr oss

the termnals 15 sal (L) ic circuit (3) part|cularly
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t he termgg)ls (B1, B2) of said coil in order to generate said driving

pulses (2 22).
6. ‘Device according to claim 5, characterised in that said logic circuit (3)

further allows at least one starting pulse (31, 32) to be generated, when said vibrating
device is activated or following an abrupt disturbance to said unit worn close to the
body, in order to make said vibrating device oscillate.

7. Device according to claim 6, characterised in that said logic circuit (3)

25 further allows a measurement of the natural oscillation frequency of the vibrating
device so as to fix said non-variable time interval (T puse) at the end of which each
driving pulse (21, 22) is generated from said mean level crossing (O) of the movement
induced voltage. |

8. Device according to claim 5, characterised in that said device further

30 includes filtering means for filtering an overvoltage (40) appearing at the end of the
generation of each driving pulse (21, 22).

9. Device according to claim 8, characterised in that the signal generated at
the output of said comparator (2) is sampled by said logic circuit (3) and in that said
filtering means include means for examining a number N of successive samples of the

35 signal, this number N being selected so as to allow a differentiation between said
overvoltage (40) and said mean level crossing (O) of said movement induced voltage



20 6. Device according to claim5, characterised in that said logic circuit
(3) further allows at |east one starting pulse (31, 32) to be gen /3%5%
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non-variable time interval (Tto pulse) at the end of which each driving

pul se (21,{Up2)Vera, gylimerintewal (fTNbﬁﬁllé?éM rngs the samplingperiadyTaDpeiog t he

novenment dymideed fhb% gﬁggon&ar,m(yhﬁ@ ,ﬁ{@%[ gtmng J.0 claimb, characterised in
that said devi 01)9 &Bt er 3 |nc des filterin ggmaans for filtering an

0
overvol tage (40 RUicS arpording foclaimB. shatasterisgd inthat said fifering@raes i vi ng
pul se (21,inQdde n&anD&)ﬂuﬂﬁlemECbunmtbﬂséih @bnipSrat@’f‘(Qy dGﬁirﬁj 4 88@rinhelihat t he

i I d h i i led b id
Togi o ofr ai ety grer PRB M Guplo B HEPTRPRER AN hel ue means for
exanm ni ng a nunider Dévide woahngsiamysﬂntailmsmmomaﬁctemsydah thdthhis nunber N
bei ng sel ‘%ﬁetvg:g fﬁr‘?h&%nél&’e@ld @Na?e givfﬁr@rgﬂl@fo 06515\9%\38%% Fo?'ﬂgm kY/ee rvol tage

(40) and said nean |le Cr os hovement  mdueod ol t age
17/ 05/ 2005oterdiahpfrane ofgheinputs ctf|sm§| qomparatar (2) aip detpueiinedoolagé (Ws/2he

sanpl i ng n@iw&% l(/v-B"QucE@és% drﬁmat;wésqm fzzth%ﬁ'tﬁe UBRatih rde@@b?s bs t.hgt er val
(Topr %%; ﬁeaccorlngtocalm,caracelse

£ 1terithg frRela or e'rf ¥ he pgar lewvgl ofisaid 'BPY‘?'H@“’["P@'CSGtVBlﬁg%er@aY&iz)(?érrpar at or
(2) duri nghig déeirtirEdneitagd(Wh#18). i nterval greater than the duration of said
overvol tage (40). 11. Device according to any of clainms 5 to 10,
characterised in that this device further includes a voltage divider (4)
able to be switched on, for fixing the potential of one of the inputs of
said conparator (2) at a determ ned voltage (VBAT/2) between two
successive driving pul ses (21, 22) when the vibrating device is oscillating
10 freely in order to fix the nean | evel of said novenent induced voltage
(U" d, VB12) at this determ ned voltage (VBAT/2).



