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SAME The present invention relates generally to vibrating devices and ot her
nonacoustic al arms be fitted to a unit carried close to the
body, such as a ti lﬁuﬂmmm@ specifically, the present i nventPh 1984 at es
to a nethod for maintai the oscillations of a vibrating devi cerAflt a

vi brating device inpl enen |ng the sane. 5 In nunerous situations, it is
useful to be able to transmt information to a person ot her than by

“acoustic or vi SMETHOINEORTMAINFANING Sroy AWEBRAEING shes to
discreetly al e”DE"\/R?éq‘“aD"WI%R&TIN”Gté‘évnc‘:ﬂq'I\ﬂDL%M%%ﬂN’@r ﬂIIEp§§9|'§
‘Tacti |l e means faor transr g t11e T 1 or mat on ageous

alternative: a unit that the person is carrying close to the body, such as
a watch, for exa"ﬂhle‘?)reée%t fméﬁndnorei!a‘t'bsvgéh'é?éll@to UiBrafihg Aevicss Std BMbARGh-hi s skin

locally to indicate to |ma9 ven tinme or the occlrrence of an event
0

(arrival of 3goHHicagms intepded o be fitfaditp 3gndiGarried aperotRR Pedve SHEF 8% Aat i on

transm ssi oninigpte. Mbruismmbalqatheqnewhtawéaworc:@la‘tég tol awhemwfagmtamtam@g)l e,
whose keenngﬁs of

S reduced or non: t he
o oer  omca" 378 aftuRaR b1 Vinfig R feS Bod i VTl R ics BT s Somest or ence
can be ndie to EunopemerousSitiationst it L&ppbftd:mb&)ablmmcstrarﬁl?nlﬂlnmmat%@mmd EP O

864 663, DOV ahstnd ndey BATRhr 56 ARBL P s HOLSL: chclasstil eces

I ncor por ati ev ce e Vi es nount ed
on a rotor azv@qsrt@mcmﬂvm%@a BEBOM wﬂollawmttln@ € off ; grolve 6 pelerie cEastile

typically, theaddnbedraeftihg i ifforRbtich RS BHedn SRMAIRkolSIferRitveeY @hit | ons
per second thanks to an el ectrlc not or powered at a power 20 of several

tens of nil Ithaldhe RersAR IsTAARNGLIofe torike ﬁHCW@Fe%W@FF@ E%@es?me'ﬁc@ raRdesR
event haﬁotQ/lﬂwtepi&rd?@ér\ft@@tlhwalé’lﬁis\éﬁmﬂ@dall fingieateay infra ghanainid6r thisi n

dr awback of V\%I | h,th
ek nt e aeRt af ey Birv s easshlech ool a e R B hisietidche e

hor ol ogi cal iffoehation2EanEomissipmemedtest fandtapfiqation én a davibie for licatieg 3o pedplée,n t he
name of the w‘?fbgb EBMesdloF & ﬂ?l@?‘e&cgﬁ\élr ﬁSn BQEteﬁP‘fﬁ{ﬁ&n& tﬁ@'oEcm?rl-lﬁ%g%?aﬁ wat ch

vibrate. Thi gV ce 1hcl udes a ol ectrona cally cou
nmovi ng mass.alam e EF"dtQﬂmr exppt By aMely @h inflymatigaitre@renigeae tteﬁéad%@t’i#fééeaﬂ t he
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nmaxi mum vi br at i onJridarincé ughe \ifb?étlrfg (SB\MQB nibimbdd drya edtosarednoRd 16 irsgy -
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of manuf act wevergl 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 skilled 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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2 tolerances, which are of the order of 15% Then, it varies as a
function of the way in which the coil-nmoving mass unit is carried, and the
extent to which it is worn close to or renote fromw th the wearer's body.
Typically, the carrying conditions inducg _variations of the order of 5%in
the natural frequency of the unit, as well as a variation 5 in the

di ssi pated energy. These variations decrease the yield of the excitation
means that are designed to operate at a fixed frequency, and this results
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in Figu In-or e osclllation frequency
of the vi br 4 thigydetment, th@vbeataqa!pvee iscthus aentinHeusy divanaanddn NeYerdefbir ess.

35 Eur opean rRatpiiafdring the Pert: thEﬁth@%@e On%f’atédt the nanme of the
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periodic 5 rectangular si éterm ned freque éa successi on
of positive damenfégameaséremﬁréealy@emr%t riag ‘éﬂir"\lhﬁ@ “é%@%w%'ﬁf”-eb Gtiyategs
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result in da{i n% gsthe vibrator at an |nadequate frequency. Indeed, in the
asu

event t hat ring error occurs, thi
European Patent Application No EP 0 938 034 in the name of the Applicant

discloses an advantageous solution according to which the natural oscillation
frequency of the vibrating device is determined during each period (or half-period) of



15 neasuring error is then repeated during the follow ng oscillations, such
that the device quickly becones unstable. In order to avoid this risk, the

device then has to be designed such that this instability is prevented. One
solution to this problemmay consist in a ternating the periods during

whi ch the natural oscillation frequency i's neasured and the periods during

which 20 oscillation of the vibrating device is naintained in order to | et

the latter vibrate freely and allow reliabl e neasurenent of the natural
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vi brating device | ntended to a unit carried close to the body
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carried out Reqaufer QSprbbﬁ&etb%Eéﬁke%f tﬁ@?apid’kﬂjéﬂﬁ;ﬁﬁg ESPﬂhEQs@@}LIét{bn&e\ﬁﬁﬁEh' ts mean

| evel after generation of driving puls ction

i nst ant aneouevwif&e&eaﬁraage?Mﬂatnséw'srer%@mynten%ltw crdesdo gginsintheat t he
nmovenent i ndseiationdfitiegenit Snd Weich eamqaénﬂmenefdt@@hrgyemow‘zdaeoﬁwmm@nz0 mass

wh illati b d I h |

boci 11 atfn 11 eqdteRmaties SRkl SRR RRsbRhVLER i pRrolh AL B aiven 1 ¢
nor e robust sohdion tmmasollsclbsempammmwen&eebpean ﬂ’raterﬁﬂocwnenttl‘iqarﬁé’o[_) 288 6P an
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sensitive to an error in sur emne tural freéquency during 25
t he precedi ritpapensyoef the dedes andawhigh reraging Rasttodmplemengener ate instability

in the device. |Indgefo atnf’t%Jé@bF‘fh@prQs%Wt |Hvéﬁtid?ﬂofp'i@d]i56%%bldt§mr!ﬁa%$§ﬁ@% once
and for all when the devicé starts to vibrate and this natural oscillation

frequenciP dePR4stPRE E1are stapleaan Hisssaluions 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.



starting fromthe nonment when the novenent induced voltage crosses its nean
| evel 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 conpronise
is thus achieved. Indeed, although the natjural oscillation frequency is
measured once and for all when the device starts to vi brate, frequency
variations due to variable conditions of wear are nonethel ess taken into
account, to a certain extent, because of the fact that each driving pul se
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connection
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



35 node of transistors QL and @, and the second termnal B2 to the
connection node of transistors B and 4. -6 The gates of transistors Q1,
@, B and 4 are respectively controlled by signals A, B, C and D produced
by a logic circuit 3. As a function of cantrol signals A B, C and D,
transistors QL, @@, B and &4 and coil L occupy the states indicated by the
followng truth table where the indications "NC' and "C' respectively nean
that the 5 transistor being considered is in the non-conductive or
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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 voltage U,ng.
From the energy point of view, it is in fact preferable to generate these driving pulses
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25 novenent induced voltage. 4. Vibrating device intended to be fitted to a
unit worn close to the body, such as a tinepiece, including a case, a
novi ng mass i nside said case intended to transnmit vibrations thereto, a
coil (L) electromagnetically coupled to said noving nmass in order to nmake
it vibrate, and an excitation circuit (1) for exciting said coil (L), said
30 excitation circuit being arranged to produce a set of driving pul ses
(21, 22) of alternate polarity and of determ ned duration (TPulse)
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vi brating depmlsee ansgéridratee perodicadly iat Bxealctiroe thitergals @s @l tiersobutioohaf the peoil sed
i n that logic circuit (3) 25 further allows a neasurenent of the
nat ur al CI 't ati on frequency of the vibrating device so as to fix said
non-vari abl e ti mEigune dEullustratesdheraprasite gasa inevhiciya yariatien dmtherondipns/inng
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novenent in ta Devi ce according to,claimb5, characterised in
that said deth Crgsqngt {qﬂ;}mlnal frequency f,. This also results in a modlflcatlon 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
Trom-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, nuse 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.



30 includes filtering neans for filtering an overvoltage (40) appearing at
the end of the generation of each driving pulse (21, 22). 9. Device
according to claim8, characterised in that the signal generated at the
out put of said conparator (2) is sanpled, by said logic circuit (3) and in
that said filtering neans include neans {or exam ni ng a nunber N of
successi ve sanples of the 35 signal, this nunber N being selected so as to
allow a differentiation between said overvoltage (40) and said nean |evel

_crossing E_?) of u\a(} Iﬁ@ ic{? E?ﬂin&P a%ggrdmg té@ érﬁ)eggntlym?)n ftnb! Me

i nterval subtract ed

fromsaid n wuﬂsrpirlagp@ disaipsenin the\ﬁéq)remppbormﬂ %t@ppearoPat@@wmcade ng to

claim 8, chaﬁm@bss 08£dt Wil behademstddd thad the sbilSorl B dRdihd & Mé%réﬁ%ﬂmv&ﬂron
i nhi biting thglg?1 ut of sai d conparator a determned 5

2) durin
interval gré3#! R OPHRULfFor ?Bﬁ“?ﬁgy%f”ﬁj LY)@WVNP'%% Brlesude Soi‘it'onDew ce

?CC?L ding t l(acgmlr@ftom?pmﬁ uﬁuegﬂi&; |s2h@'eg?iblﬁt BAe thore s{ab&tmttHi‘e §er§e\tlhaffte

ur er includes a v e | V] ae a . swliche or i Xin
the: potent | AH83e Bt oRHR yBraloe evist b st sl SbAels heflendy il 1o o
vol t age ( VBA@sgrt todtswwealmatuval asrillatiersirequency and gf theldegise c2dseqRghtiywhen t he
vibrating d%\éb&‘ﬁud g s]l wh dh'}ﬂ%ﬁpa s%e\'@hya} blﬂraﬂﬁﬂﬁév%@?&rﬁtnﬁéﬁ e{lﬁg?ﬂaah&%’ el of

sai d novenent |nd 8 erm tage
(VBAT/ 2).  withthe aforementlone European Patent Application.

GQB'J:EI é%#ﬁf%% Thé%\értft\,lula‘?m‘f@rest“&/fh eﬁf@re@ﬂoﬁ&ﬂh Mca oAﬁé\EEth C\g/i?cc ;] Ca] c
a] ca] ca] ca] @8]@ %‘&f tB%PE%‘] %‘Ezﬂ”e k]"gh}’ @lﬂsEé}’ ’{?éﬂt 13%{4 5@% N8 4499=9:
;2,00 ,V|brat|ng device at a fixed frequency, lies in the fact that the frequency at which the

] g;]Z z’(\:g? ca] ?’E@Tgé’p@% @E‘“{nﬁ%ﬁ’%@?é’a% c%f"h"&fl %fé% }gg{f‘ Jdg]vJ@éc%]tﬁa] cal ca] ca

?KKKYN_ NNNRKBEF{rgLdeiOEAs wdfr 3] the user. Yf AT pp=ssv~xsni d_ZU] ca] ca] ca] ca]ca]c

o ca caigal o ol ghagh raliab il salieh sebeekeanl el il alagbenting] oo o2

|
;ﬁ%gj\w]yt 0j e%Et&/J]‘@@Pch]eééf} é'&‘]"ﬁﬂap@&? cldedime eqnstant ehlheaepreryeltaoealy cal cal cal ¢
a] ca] ca] ca] %@L@fﬂbﬂih@tehﬁlawa Y 67t @lscdist ]:§aftﬂsa@o$%n|a]p@ncu|a i‘lts electrical

o] vl o] calesinbacaY BaCaye At 2pecH el sech Sfovalace e o The ) o cal ol
successive crossings, relatively close in time, of voltage Vg4, by its mean value. These

20 overvoltages should thus preferably be filtered by adequate means, either at the input
of comparator 2 by appropriate analog filtering means, or at the output of comparator
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 Vg2 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 Ty 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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sample is higher than the mean level of the movement induced voltage. Following the
5 mean level crossing of the movement induced voltage, indicated by the reference O,

more than ten samples whose value is less than the mean value of the movement
induced voltage are generated. By way of example, the first ten samples have been
indicated by the references 1 to 10. The situation is reversed in the case in which one
examines an overvoltage produced at the end of a driving pulse of negative polarity.

10 Thus, by examining a number N of successive samples (for example ten in the
schematic example of Figure 5) and checking that these ten successive samples all
have a lower value (or higher in the opposite case) than the mean level of the
movement induced voltage (in the example this mean level is zero), an overvoltage
can be clearly distinguished from a normal mean level crossing. One should thus

15 choose a number N of samples higher than the number of samples of value inferior to
the mean level produced following an overvoltage. One should also consider the delay
caused during determination of mean level crossing O, i.e. delay Ty whose value is
equal to N times sample period Ty, and subtract this delay from time Tio.puise, until
generation of the next driving pulse defined in the expression (1) hereinbefore, as is

20 schematically illustrated in Figure 5.

It will be understood that various modifications and/or improvements obvious to
those skilled in the art can be made to the driving method and to the vibrating device
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 Ty, 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.
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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 (Ung, Va12) 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.
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Q2, Q3, Q4) of said H bridge so as to apply alternately a positive and negative voltage
across the terminals (B1, B2) of said coil in order to generate said driving pulses (21,
22).

20 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 (Typuse) 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
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(Uing, Ve12), a time interval (Ty) equal to N times the sampling period (Ty) being
subtracted from said non-variable time interval (Tio.puise)-

10. Device according to claim 8, characterised in that said filtering means
include means for inhibiting the output of said comparator (2) during a determined

5 time interval greater than the duration of said overvoltage (40).

11. Device according to any of claims 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 comparator (2) at a determined voltage (Vgar/2)
between two successive driving pulses (21, 22) when the vibrating device is oscillating

10 freely in order to fix the mean level of said movement induced voltage (Ung, Vs12) at
this determined voltage (Vgar/2).



