ELECTRONI C TI MEPI ECE COMPRI SI NG A GENERATOR 6S =BVEN BY A
SPRI NG BARREL The present invention concerns an e ectro Hc tlneplece

of the type conprising an energy source consisting of a sp arrel, with
manual or automatic wi nding, coupled to an a.c. generat Jéz]’gr?g@d 30

supply the electronic circuits of the tinepiece via a rectlfler Such a
timepiece is disclosed in Sw ss Patient No 686 332, this docunent .
concerning, in partic d of rotation
of the generator to b eor r esponds
to the proper working of the tDREVENCRY ZsSH & _ZARRIEE energy of the spring
barrel is sufficient to maintain this speed of rotation at the desired

val ue. Fitting a tinmepiece with a device for indicating the power
reserve in order tdhefoprespatusdnvsEnthent i gepiceomshemt helbatranispri ng

i s depleted, isimépeads kBQWnthngUC{%/ edeé’bﬁErJ.%l‘HgSC ﬁsegne'}g@“'r%@?ﬁrbe
Pat ent Appllcatlon EP 0 762 243 in e nane the present Applicant.
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br aki ngs necessar n der to majntalin the generator e nom nal’ speed
is high at th&f®R %#ﬂ%l fFr6tithe?} £PWing the speed of rotation of the

generator to be slaved to a desired or set speed which
corresponds to the proper working of the timepiece, as
long as the energy of the spring barrel is sufficient to
maintain this speed of rotation at the desired value.

Fitting a timepiece with a device for indicating the
power reserve in order to inform the user of the timepiece
when the barrel spring is depleted, is‘already knqwn. Such
a device is disclosed in European Patent Application
EP 0 762 243 in the name of the present Applicant.

This device operates more or less in the following
manner. During the normal running time, the generator
coupled directly to the barrel tends to rotate too quickly
and thus to provide a voltage whose frequency is higher
than a desired frequency value derived from a frequency
standard operating on the basis of a clock quartz. The
generator must therefore be braked, which is achieved by
periodically short-circuiting its coil. The number of
brakings necessary in order to maintain the generator at
the nominal speed is high at the beginning of the letting
down of the spring and gradually decreases as the energy
accumulated in the spring is depleted.

The value of this number may thus be used to
determine when the energy of the spring will no longer be
sufficient to maintain the proper working of the
timepiece. According to the concept disclosed in the

aforecited Patent Application, the number of successive




down of the spring and gradually decreases as the energy accunulated in the
spring is depleted. The value of this nunber may thus be used to

determ ne when the energy of the spring will no |onger be sufficient t
mai ntain the proper working of the tinmepiece. According to the concept

di scl osed in
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to the hands indicating the time, another device such as a
window behind which an indicator, which must be specially
driven, moves as a function of the state of depletion of
the power reserve.

Battery operated electronic timepieces comprising a
device allowing the degree of battery depletion to be
indicated, by means of a particular movement of one of the
hénds, iplparticular the second hand, are also known.

'Generallfj these devices operate so that when the battery

voltage falls below a predetermined minimum value, there
is a disruption to the movement of the second hand which
for example instead of beating every second, takes a step
of two seconds on the dial every two seconds.

An aim of the invention is to provide an electronic
timepiece having a generator driven by a spring barrel
wherein the presence of a special power reserve depletion
display device is eliminated, but wherein, on the other
hand, such depletion can be indicated with the aid of a
particular movement of the second hand as is the case in
conventional gquartz timepieces driven by a motor and
supplied by a battery.

The invention thus concerns an electronic timepiece
comprising :

- an a.c. voltage generator connected to an
electronic circuit of the timepiece,

- a spring barrel coupled to said generator for the
driving thereof,



for exanple instead of beating every second, takes a step of two seconds on
the dial every two seconds. An aimof the invention is to provide an
el ectronic tinmepiece having a generator driven by a spring barrel wherein
the presence of a special power reserve depletion display device is

el i-m nated, but wherein, on the other hahd, such depl etion can be indicated
with the aid of a particular novenent of the second hand as is the case in
conventional quartz timepieces driven by a motor and supplied by a battery.
The invention thus cgncgrns an . gl %ct{r?gigaEing &‘t%eascoa(rp%shg\q_v }Izr\é - an
a.c. voltage generator ~connec 0 an é Fom et redit or t

ti mepi ece, said barxedpring barrel coupled to said generator for the

driving thereof, g5ig electronlc c1rcu1t comprlslng 3 - a set of
time |nd|cat|ng hands al so rlven b_jya/lgsal barrel, said el ectronic
circuit conprisinyg: & time, hagg eendgteontied HW‘G‘@% e sfandgedrd

frequency siffeduency sign@dnparing means for conparing the frequency of
said tinme base to the fre quency, ;nsald a.c. volggg hn der to generate
oiPFo %

an error signal,"andcompa laﬁﬂW?ylngfﬁganoqﬁﬁﬁl SN Copar ng
means for vesaidi nimehbeker teaitheerfoeqeencrnl ofasséd a.fd.r stoltaget nni ned
threshold, aher to generate an error signal, and
- verifying means connected to said comparing means
for verifying whether said error signal passes a first
predetermined threshold, and
- braking means controlled by said verifying means
for electrically braking said generator when said error
signal passes said first predetermined threshold,
- said timepiece being characterised in that
- said verifying means are also arranged for
verifying whether said error signal passes a second
predetermined ‘threshold .greater fEhan said first
predetermined threshold and evidencing a predetermined
degree of depletion of the power reserve of said barrel,
said braking means also being controlled when said second
threshold is passed,

- said verifying means also being arranged to
verify whether, after said error signal has passed said
second predetermined threshold, said error signal becomes
at least equal to a third predetermined threshold, during
a predetermined period of time for controlling said
braking means at the expiry of said period;

- in such a way that said hands indicate said state
of depletion by a rotation at a speed greater than the
speed corresponding to the indication of the correct time,
each time that said error signal reaches or passes said
third predetermined threshold.

As a result of these features, passing of the second
and third threshold values allows the electric brake of
the generator to be controlled in such a way that from a

certain level of depletion of the power reserve of the



braki ng neans controlled by said verifying neans for electrically
braki ng said generator when said error signal passes said first
pr edet erm ned t hreshol d, - said tinepiece being characterised int

said verifying neans are also arranged for verifying whether said
error signa

passes a second predeterm néd threshold greater t han

first predeterm ned threshold and evi dencing a predeterm ned degree of
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- Figure 1 is a winding/letting down diagram of a
spring barrel illustrating, as a function of the number of
revolutions of said barrel, how the available torque of
the latter varies, the diagram showing, in particular,
depletion of the power reserve;

- Figure 2 shows a simplified diagram of the
control circuit of the timepiece according to the
invention;

- Figure 3 is a diagram showing, as a function of
time, the variation in the content of a reversible counter
used in the control circuit of Figure 2, in order to
illustrate the operation of the latter; _

- Figure 4 shows, via a schematic diagram of the
generator of the timepiece according to the invéntion, a
particular alternative embodiment of such generator.

Figure 1 shows an example of the torque variation
provided by a barrel able to be used in an electronic
timepiece having a generator according to the invention.
The diagram shows gr. mm as a function of the number of
revolutions effected by the barrel, both during winding
and letting down of the barrel. A revolution of the barrel
typically corresponds to a running period of approximately
eight hours of the timepiece. Of course, all these values
and those which will be given hereinafter are given by way
of example only.

_ Curve A corresponds to the winding. It starts from a
point Al of total let down of the spring and ends, after

winding, during which the barrel makes seven revolutions,



an angl e of several seconds inviting the wearer of the tinepiece to w nd
the spring barrel. A conplenmentary display device especially dedicated to

t he power reserve depletion display can thus be elim nated. ~ Qther
features and advantages of the invention wi |l appear upon reading the
followi ng description, which is given soPely by way of exanpl e and i s made
wth reference to the attached drawi ngs, in which : - Figure lis a
wi ndi ng/l etting down di agram of a spring barrel illustrating, as a function

of the nunber of_r L utjon ..said barrel,, how the avail abl e torque of
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the barrel. poifyohution of the barrel typically corresponds to a running
peri od of approxi Fel'ﬁ,\,,?ﬁi?ght hoyrs of the tinmepiece. O course, all these

val ues and those PRESF Ve her sl e é:_rlnﬁﬁé-e@e\/@ﬁsb@“wa&ﬂc
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function of circumstances.

The diagram also indicates, via a dotted line T, a
critical torque value (Ccritical). As long as the barrel
is capable of providing a -torque éreater than this
critical value, the generaﬁor rotor will always be able to
reach the nominal rotation speed for the timepiece to keep
the correct time. By way of example only, this value could
correspond to a generator output voltage frequency equal
to 21.3 Hz. |

Beyond a point Cc of intersection of curve B with
dotted 1line T, the timepiece is deemed to enter a
condition of "energy depletion" commonly called "EOL" by
horologists from the expression "End of Life", by analogy
with the end of life of a battery in conventional quartz
watches. In the example, point Cc is situated at a degree
of letting down of the spring corresponding to
approximately 5.3 revolutions of the barrel. The EOL
condition extends over. a first phase PFI during which the
generator is braked intermittently for relatively long
periods of time allowing the letting down state of the
spring to be indicated to the user via a particular
movement of the second hand of the timepiece, in
particular via a jerking movement of said hand.

e o
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5 at a maxi mum wi ndi ng point A2 for which the potential torque of the
barrel is approximtely 1200 gr. mm Curve B represents the letting
down of the spring during which the barrel provides energy to the

ti mepi ece. This curve begins at point Bl ilt a torque value of approxinately
1050 gr. mm (this reduction in torque with respect to the value of point A2
I's due to inevitable nechanical |osses) and ends at a point B2 of total |et
down of the spring, this point coinciding of course with point Al. I t

wi |l be noted thatphagetw:tlaﬁmeaa% ha§e§ut95§£bﬁlwa@®1@9 oLh& cygves will
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corresponding t0 gowever, the timepiece will still remain ready to
start again if the spring is rewound sufficiently whether
the timepiece has automatic or manual winding. It will be
seen hereinafter that according to the choice of certain
parameters when the circuit is designed, phase PFP may
immediately follow phase PFI, or be separated from it by a

certain period of time I, the latter being the case shown
b

] :

Moreover, according to an alternative embodiment of

the invention which will be described in more detail
hereinafter in relation to Figure 4, at the end of phase
PFP, means may be additionally provided for "magneticaliy"
braking the generator's rotor for example by exerting a
slight magnetically positioning torgque, preferably with
the aid of at least one fixed magnet placed in the
vicinity of the rotor at a suitably selected distance.
This arrangement allows rotation of the barrel to be
temporarily blocked, while waiting for the spring to be
rewound again, either automatically or manually.

Reference will now be made to Figure 2 which shows a

simplified diagram of a timepiece according to the
invention.

in Figure 1.

The timepiece comprises a generator symbolised by the
rectangle 1 comprising a magnetised rotor 2 and at least
one coil 3. The rotor is mechanically coupled, for example
via a gear train 4 symbolised by dotted lines, to a barrel
5 wherein a spring 6 is housed. The latter may be wound by



approximately 5.3 revolutions of the barrel. The ECL condition extends over
a first phase PFI during which the generator is braked intermttently for
relatively long periods of tine allowing the letting down state of the
spring to be indicated to the user via a particular novenent of the second
hand of the timepiece, in particular via’a jerking novenent of said hand.

6 Phase PFI extends over approxinmately 0.75 of a revolution of the
barrel, as is shown by way of exanple in Figure 1, and it is followed by a
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Mor eover, according to an alternative enmbodi nent_ of the invention which
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the end of phasesnd 1b at a frequency of 21.3 Hz (64/3 Hz) and a
maximum value of 1.2 volts, for example. Generator 1 is
connected to a rectifier for example a double alternation
rectifier 10, whose output is connected to an integrated
circuit 11, certain components of which form a rotational
speed control circuit for generator 1. Integrated circuit
11 receives constant voltages VDD and VSS. It is to be
noted that Figure 2 shows only those components of
integrated circuit 11 which are essential for implementiﬁg
the concept of the invention. '

A duartz 12 controls an oscillator forming part of
integrated circuit 11 delivering a pulse signal at a
frequency of 32 768 Hz to a frequency divider 13, these
elements together forming a time base. '

This divider comprises a terminal 14 supplving a
signal whose frequency corresponds to the nominal
frequency which generator 1 must supply in order for hands
7, 8 and 9 to indicate the correct time. In the example
described, this nominal frequency is 21.3 Hz (64/3/Hz).
The output 14 is connected to the up counting input 15 of
a reversible counter 16.

The terminal la of generator 1 is connected to one of
the inputs of a comparator 17, the other input of which is
connected to a reference voltage source 18, such as earth
for example. The output of comparator 17 is connected to
the down counting input 19 of reversible counter 16.

Comparator 17 supplies an output pulse to reversible
counter 16 as soon as the voltage at terminal la of the



PFP, nmeans may be additionally provided for "magnetical ly" braking the
generator's rotor for exanple by exerting a slight nmagnetically positioning
torque, preferably with the aid of at |east one fixed magnet placed in the
vicinity of the rotor at a suitably selected distance. This arrangenent
all-ows rotation of the barrel to be tenp8rarily bl ocked, while waiting for
the spring to be rewound again, either automatically or manually.
Reference will now be nade to Figure 2 which shows a sinplified diagram of
a tinmepiece according to, the inyenttion. The tinepi ece conprises_ a
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CengedbPhatte?, generates an output signal at a terminal 21,
the criteria being rendered material by wiring a certain
number of elementary gates which make up this decision
logic. The man skilled in the art, familiar with these
criteria after having examined the present description,
will be able to make the decision logic so it has not been
described in detail here.

The signal present at output terminal 21 is applied
to the control electrode of a switching component 22
selectively controlling the braking of generator 1. This
switching component 22 may be a MOS transistor whose
source-drain path is connected between terminals la and 1b
of generator 1.

The control circuit according to the invention also
uses a circuit 23 called a "starting" circuit usually
designated a POR circuit (Power-On-Reset). As the man
skilled in the art knows, such a POR circuit is provided,
in particdlar, in most integrated circuits and in
particular in those used in electronic timepieces, for
setting the components of the integrated circuit in a
certain logic state so that when voltage is applied
thereto, such components may begin to operate with the
proper logic state.

In the device according to the invention, starting
circuit 23 comprises two complementary outputs 23a and
23b, changing logic level when the voltage supplied to
integrated circuit 11 passes, respectively in one

direction or the other, a predetermined value. In the



connected to a rectifier for exanple a double alternation rectifier 10,
whose output is connected to an integrated circuit 11, certain conmponents
of ‘which forma rotational speed control circuit for generator 1.
Integrated circuit 11 receives constant voltages VDD and VSS. It is to be
noted that Figure 2 shows only those conponents of integrated circuit 11
whi ch are essential for inplenenting the concept of the invention. A
quartz 12 controls an oscillator formng part of integrated circuit 11
delivering a pul se signal at a freci_tljency of 32 768 Hz to a frequenc
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PMOS transistor whose drain-source path is connected in

series to a resistor 25, these two components together
forming a shunt mounted in parallel on supply terminals
VDD and VSS of integrated circuit 11. The switching
component becomes conductive, when the logic level at
output 23 of starting circuit 23 passes from "1" to "0".

The operation of the timepiece according to the
1nventlon is as follow% .

When after the complete winding of the spring of
barrel 6, the tlmeplece operates normally, the control
circuit according to the invention is responsible for
limiting the rotational speed of generator 1, since, in
the absence of such a limitation, the generator would tend
to race until depletion of the energy accumulatea in the
spring while driving the hands at great speed.

The rotational speed limitation is controlled as a
result of the presence of braking control transistor 22
which can short circuit terminals la and 1b of the
generator and thus electrically brake the latter, when it
receives a corresponding signal from decision logic 20.
The latter permanently analyses the content of reversible
counter 16 and supplies a control signal to transistor 22
as soon as the count of counter 16 becomes equal to "-1".
It is in these circumstances that the generator frequency
is greater than that supplied by divider 13 and that hands
7, 8 and 9 will tend to rotate too quickly. It is then
useful to make transistor 22 conductive in order to



Consequently, in the exanple, supposing that generator 1 rotates exactly at
the nom nal speed corresponding to a frequency of 21.3 Hz, the content of
reversi bl e counter 16 nust be zero at the end of each alternation of the

generator output voltage. The out put of reversible counter 16 is
connected to a decision logic 20 which, s a function of certain
predeterm ned criteria to which we will return hereinafter, generates an

output signal at a termnal 21, the criteria being rendered material by
wiring a certain nunb r of elenentary gates which, nmake up this decision
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to be noted that during this mode of operation, the

recurrent short circuiting of generator 1 by transistor 22
will not disrupt the operation of integrated circuit 11,
two charging capacitors (not shown) of a relatively large
capacitance and provided in rectifier 10, allowing the
necessary voltage to be permanently provided for thié
purpose.

When the value of the torque provided by barrel 5
falls to wvalue Ccritique (point Cc in Figure 1), the
generator rotates at a speed such that its frequeﬁcy is no
longer sufficient for the pulses in reversible counter 16
originating from divider 13 to be compensated by the
pulses processed by comparator 17. However, the voltage
which the generator provides to integrated circuit 11 is
still sufficient to make it operate. The content of the
counter is thus increased to a predetermined threshold
value corresponding for example to its total positive
capacity (counter overflow). In the example, this wvalue
may be equal to 512, which corresponds, taking account of
the frequency with which the signal at terminal 15 of
counter 16 causes it to progress, to approximately 24
seconds. Deéecision logic 20 is also wired to detect this
predetermined threshold value.

-



9 exanpl e descri bed, this value may be approximately 0.7 volts, ignoring
any hysteresis which the signal nmay undergo. As far as the present
invention in particular is concerned, output 23a of starting circuit 23 is
connected to reversible counter 16 whose content it sets at "1", when its

| ogic | evel passes from "0" to "1". llout put 23b is connected to a
pronounced braking swi tching conponent 24. This latter may be fornmed by a
PMOS transi stor whose drain-source path is connected in series to a

resistor 25, thesg nt to er, fo shunt, mounted i.n
parallel on supply tggﬁ% VDD§3n&ﬂ%gg 0 |% eﬁréﬁ% %l?ﬁhl?eifﬁe?He
swi t chi ng coﬁ‘ﬁ@ﬁéﬁpnbém#@s ?&mrcﬁkqs veg aliregn ttmn$ngt|:@rl 2%9ekoaductitipet 23
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of braking control transistor can short circuit termnals la and
| b of the generat BEN&X@tORuUS. SPetrgi baakedr aidee t Heltageersunmbhedt to
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permanently %Ra'%%%%éf§%‘%23£%¥té¥s é“?é%é&fier 10 are sufficiently
discharged, this value becomes less than that at which the
integrated circuit can still operate properly (typically
0.7 wvolts) This, amongst other things makes braking
transistor 22 non-conductive, said transistor no longer
receiving a control signal from decision logic 20.
Moreover, since the voltage at the terminals of the
integrated circuit falls below the value at which starting
circuit 23 reacts, the logic levels of the signals at
outputs 23a and 23b are reversed.

Thenceforth, generator 1 may pick up speed and the
voltage supplied to integrated circuit 11 may increase
until starting circuit 23 reacts again and causes the
logic levels at terminals 23a and 23b to change state in
reverse directions, while at the same time integrated
circuit 11 begins operating again.

The operations which have just been described take
place at the very beginning of phase PFI which may however
last several hours if spring 6 is not rewound, which
translates into an intermittent advance of the "EOL" type
known for motor driven quartz watches. The remainder of
the operation of the timepiece during this phase is
illustrated in Figure 3. This Figure shows in a) the
variation in the logic level of output 23a of starting
circuit 23 at this stage of operation. The diagram b) of
Figure 3 shows how the number N contained in reversible

counter 16 (curve C) may vary from the moment when the POR
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counter 16 and supplies a control signal to transistor 22 as soon as the
count of counter 16 becones equal to "-1". It is in these circunstances
that the generator frequency is greater than that supplied by divider 13
and that hands 7, 8 and 9 will tend to rotate too quickly. It is then
useful to make transistor 22 conducti Vi@ in order to

10 return the generator speed to its nom nal speed corresponding to the
i ndi cation of the correct tine. Thus in order to maintain the nom nal

speed of generator 1, the cantrol .circui rmanent |y conpates_the_ standard
f requency prﬁ%?ﬂ@ésbﬁtdﬁﬁqmépaif @éatﬁﬂ&(égﬁigb%ﬁﬁ?aﬁ%a ppli E§VEgse
term nal | a dirgendoatsorad had gnedtyskdehy dzaquailsddr THis monent hés

exanpl e desci#gggaté iéyﬁgﬁffg%FpQEIQE?gﬁah%?gigégé gpproxinately 5.3

revol utions Of barre e nore ‘ Or~50 hours) assuming of
course that springte6has nbeepamagn ytbprtariomal cROR, (ewbbnd. AF)addsl |y as

this period ghptie® et@Pe8antkle TECUELRBERUAN YL CERRENE diaki Bg§nRgcONeS
smal l er and snal | he noted th this npde_of operation,

er. It is to t hat” durin e.o
the recurrenP28f8Ft L0 r'dui Bnd 81 J&herBi®mumpsr N aFRR kR LRSS 21im Ehifot
di srupt the openaeiron 6ofpdsuergrid edl ci Moebvet, gmn?ﬁgﬁgggn?%ﬁfgifggggf 10
(ot Show) ShaBebebal Lxckyv| 8L0% pvngdance, anlnauded b sctiiier 10
Wien the val agteblilshing qae predetedminegar pekri®d DP which in the
present example is selected to be 4 seconds. Decision
logic 20 is also capable of providing a control signal for
transistor 22, when at the end of this predetermined
period DP, the content of counter 16 reaches a critical
value (N=Ncritical) or passes this wvalue.

Despite the fact that during phase PFI, generator 1
always rotates at a lower speed than the nominal speed, it
will nonetheless rotate the hands sufficiently quickly in
relation to the nominal speed of the correct time and, as
regards the second hand, over a sufficient angle
(typically of several seconds at a time) for the
phenomenon to be easily perceptible to the user of the
timepiece and to encourage him to effect the rewinding.

However, when generator 1 rotates during phése PFI,
the pulses which are supplied to counter 16 via comparator
17 always have a lower frequency than that provided by
divider 13. Counter 16 will thus fill itself in the
positive direction. The criterion imposed by decision
logic 20 thus consists of controlling braking transistor
22 if the content of the counter reaches value Ncritical
or passes this value prior to expiry of predetermined
period DP fixed by divider 13. Figure 3 illustrates this
process via two curves C and D, curve C corresponding to
the case in which value Ncritical is reached just at the
expiry of the predetermined period. Curve D shows the case
where, at the expiry of predetermined period DP, counter
16 contains a value N2 much higher than the critical
value. When decision logic 20 thus controls braking



falls to value Ccritique (point Cc in Figure 1), the generator rotates at a
speed such that its frequency is no longer sufficient for the pulses in
reversible counter 16 originating fromdivider 13 to be conpensated by the
pul ses processed by conparator 17. However, the voltage which the generator
provides to integrated circuit 11 is sti]l sufficient to make it operate.
The content of the counter is thus incressed to a predeterm ned threshold
val ue corresponding for exanple to its total positive capacity (counter
overflow). In the exanple, this value may be equal to 512, which
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imparting his movements thereto. In such case, the number
accumulated in counter 16 will decrease, since generator 1
will rapidly resume the nominal speed and send pulses to
counter 16 at the same rhythm as divider 13. This
eventuality is represented in Figure 3 by curve E.

The other event comprises more pronounced depletion
of the power reserve, in which case, when the generator
restarts, the voltage which it supplies will ro longer be
sufficient to supply integrated circuit 11. It will be
recalled that, in the example described, the corresponding
value is 0.9 volts. The operation then enters the
intermediate period designated by I in Figure 1, during
which the hands rotate permanently at a very slow speed,
the generator not being able to be braked by transistor
22.

Since the speed of the generator is further reduced,
starting circuit 23 will react at the moment when the
voltage supplied to integrated circuit 11 passes the value
of 0.7 volts in a downwards direction, for example. When
this occurs, the signal at terminal 23b passes to "1" and
makes transistor 24 conductive. This connects between
supply terminals VDD and VSS, the shunt formed by this
transistor 24 and resistor 25. The latter is selected at
such a value that the current being established in this
shunt absorbs a quantity of energy such that barrel 5 can
no longer drive the hands at a speed perceptible to the
wearer of the timepiece. This very low speed rate is

established during the entire pronounced braking phase PFP



0.7 volts) This, anpongst other things nakes braking transistor 22

non- conductive, said transistor no | onger receiving a control signal from
decision |l ogic 20. Mreover, since the voltage at the termnals of the
integrated circuit falls below the value at which starting circuit 23
reacts, the logic levels of the signalsjat outputs 23a and 23b are

rever sed. Thenceforth, generator 1 may pick up speed and the voltage
supplied to integrated circuit 11 nmay increase until starting circuit 23
reacts again and causes the logic levels at termnals 23a and 23b to change
state in revehsehdilestsi ansilwhhkeadmoshetonad Hepkethbagpdt etecpbaert 11
begi ns opera%gggrggain. The operations which have just been descri bed
take pl ace a e_very begi nning of phase PFI which may however |ast
several hours if Bppnagneefsbrakipngnwdliase RFBh akdrmeigh eepthonadn is

interm ttent yadvancerof theorkOhg toHe EMErT Jf NDLOT tdkieyBRWIasEZ 5
wat ches. The remai nder oJ the operation_of the tinepiece during this phase

is illustrat &A%t STOR /B PR B Yuref shbBfs SeroRf dind ot § aFR8R Rt he
| ogi ¢ | evel sfloautpube?Barcépsibld ity the addreld .awitthoutsttdge dhase,

Coversible oot SRATBanEhve. wERPHEDcauTd MR the " TuRERRS AR, SRR hBR
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as has just Qeeagdesadieda Ticy RN, vud "di£71 edeP¥ebBErib Mot @ P)
of Figure 3'wearc-::r, especially during a certain period of time
immediately following intermittent braking phase PFI. It
is, moreover, for the same reason that it is useful to
reduce as much as possible the duration of period of time
I (during which the hands already rotate quite slowly, but
freely), which may be achieved by selecting very close
values for the minimal voltage at which the integrated
circuit can still operate and for the voltage at which the
output signals of starting circuit 23-change level.

It is also to be noted that resistor 25 must be
selected at a value such that the shunt which it forms
with transistor 24 does not prevent restarting, when the
wearer proceeds to rewind spring 5 from pronounced braking
phase PFP.

Figure 4 illustrates an alternative embodiment of the
invention which may be added as a complement to the unit
to totally prevent rotation of generator 1 at the end of
pronounced braking phase,PFP. This alternative consists of
placing close to the periphery of rotor 2 of generator 1
one or more magnets having very low attraction power and
capable of imposing a slight positioning torque on this
rotor, such torque having to be lower than the torque
which the barrel is capable of providing when the power
reserve is almost entirely depleted, in order not to
prevent restarting.

In the embodiment shown by way of example in Figure
4, rotor 2 shown in plane comprises magnets oriented
perpendicular to the plane of the drawing. They are



It has been seen that signal POR (output 23) is applied to counter 16.
Consequently, when this signal passes to "1" at tinme to, the nunber N
cohntained in this counter 16 passes to +1. Mreover, decision logic 20 is
connected to divider 13 to receive therefroma time signal establishing a
predeterm ned period DP which in the preggnt exanple is selected to be 4
seconds. Decision logic 20 is al so capable of providing a control signal

for transistor 22, when at the end of this predeterm ned period DP, the
content of counter 16 reaches a critical value (N=Ncritical) or passes this
val ue. Dedpetreatled yf Mrtﬂhaancinlusdnmghphaeeralfhg genetid Ofodt 8hinayg
rotates at agfqwe ed nl S |t Wi L | thele s rotate
t he hands su b%0|£n?p§ u#ggﬂekgﬁ ?gl |on ﬁfggﬁ RAF 9P sgggd 5? Phe
correct tlneaﬁﬁardaégr%@aﬁwg &am?sﬂﬁyﬂm&aﬁand over a sufficient angle
(typically of several seconds at a tinme) for the phenonenon to be easily
perceptible to the user of the tinepiece and to encourage himto effect the
rew ndi ng. However, when generator 1 rotates during phase PFl, the

pul ses which are supplied to counter 16 via conparator 17 always have a

| ower frequency than that provided by divider 13. Counter 16 will thus fil
itself in the positive direction. The criterion inposed by decision |logic
20 thus consists of controlling braking transistor 22 if the content of the
counter reaches value Ncritical or passes this value prior to expiry of
predeterm ned period DP fixed by divider 13. Figure 3 illustrates this
process via two curves C and D, curve C corresponding to the case in which
value Ncritical is reached just at the expiry of the predeterm ned period.
Curve D shows the case where, at the expiry of predeterm ned period DP,
counter 16 contains a value N2 nuch higher than the critical val ue. \Wen
decision logic 20 thus controls braking



13 transistor 22 at the end of period DP, generator 1 is braked, the
vol tage provided to circuit 11 decreases sharply to the point that the

| atter stops operating, braking transistor 22 is agai n nade non-conductive
and the generator once again restarts driving the second hand at a fitful
pace. This process nay be repeated as |ontfas one or other of the follow ng
two events do not intervene. The first event consists of the user
manual |y rew nding the spring or starting to wear the tinepiece inparting
his nmovements thereto. In such case, the nunmber accunulated in counter 16
will decreaseSd¥Se generator 1 will rapidly resume the nominal speed and
send pul ses to counter 16 at the sane rhythn1as divider 13. This
eventuality is repr se@éed in Fiqur curve.E. The ot her event

e
conpri ses nore pron 8c85$ﬁiﬁ %ﬂlq: o SOBRELSEBSefve, in which case,
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t he exanpl e descr e correspondi ng value’is 9 vo The operation
then enters tH&W)no& wogi 5LBEBERFRd designated by | in Figure 1, during
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eing able to transistor ince the speed of the
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when the voltage su-ppl pecddtn oft egmeat dehdigating 1hapdssdd .t g, valualdo 0. 7

volts in a do é? aglyl erggr ampl e. Wien this occurs, the signal
at term nal passe 1 h B 111 esq$%an5|stor 24 conductive. This

connect s betmeen sﬁﬁﬁﬁyeﬂéﬁﬁrﬁa¥§ sorsweked (59, qaammsisdRg :formed by this
- a time base (11, 12) intended to provide a

standard frequency signal,

- comparing means (16, 17) for comparing the
frequency of said time base (12, 13) to the frequency of
said a.c. voltage in order to generate an error signal,
and i

-  verifying means (20) connected tdmsaid comparing
means (16, 17) for verifying whether said error signal
passes a first predetermined threshold, and

- braking means (22) controlled by said verifying
means (20) for electrically braking said generator (1)
when said error signal passes said first predetermined
threshold,

saild timepiece being characterised in that

- said verifying means (20) are also arranged to
verify whether said error signal passes a second
predetermined threshold greater than said first
predetermined threshold and evidencing a predetermined
degree of depletion of the power reserve of said barrel
(5, 6), said braking means (22) being also controlled when
said second threshold is passed,

- said verifying means (20) being further arranged
to verify whether, after said error signal has passed said
second predetermined threshold, said error signal becomes
at least equal to a third predetermined threshold, during

T



transistor 24 and resistor 25. The latter is selected at such a val ue that
the current being established in this shunt absorbs a quantity of energy
such that barrel 5 can no longer drive the hands at a speed perceptible to
the wearer of the timepiece. This very I qw speed rate is established during
the entire pronounced braking phase PFP

14 which lasts until the alnost total depletion of the power reserve.
Pronounced braki ng phase PFP, although optional, is useful for informng

t he wearer ofatbeéaeﬁﬁﬁmmnbdﬁpéri@agFﬂﬂuﬂmé:h@ eah@&bg&ﬁﬁianf%ggggﬁ
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prevent restaftPhgwhegenfinst input (15) receives the signal from said
time base and whose second input (19) receives a pulse
signal having the instantaneous frequency of the voltage
supplied by said generator (1).

- 3. Timepiece according to claim 2, characterised in
that the second input (19) of said reversible counter (16)
is connected to the output of a comparator (17). whose
first input connected to an output terminal (la) of said
generator (1) and whose secondldnput-is connected to a
reference voltage source (18). ' '

4. Timepiece according to <claims 2 or 3,
characterised in that said verifying means (20) comprise a
wired logic arranged to analyse selectively the output of
said reversible counter (16) as a function of three of its
positions representing respectively said first, second and
third predetermined thresholds.

5. Timepiece according to any of claims 1 to 4,
wherein said integrated circuit (11) comprises a starting
circuit (23) called a POR circuit, characterised in that
it also comprises a resistive shunt (24, 25) able to be
selectively connected to the output terminals of said
rectifier (10), when said starting circuit (23) notes that
the voltage supplied by said rectifier (10) falls below a
predetermined value.

6. Timepiece according to claim 5, characterised in
that said resistive shunt comprises a resistor (25) set in
series with a switching element (24) whose switching state
is controlled by said starting circuit (23), said resistor

QT



wearer proceeds to rewind spring 5 from pronounced braki ng phase PFP.
Figure 4 illustrates an alternative enbodi nent of the invention which may
be-added as a conplenent to the unit to totally prevent rotation of
generator 1 at the end of pronounced braking phase. PFP. This alternative
consists of placing close to the periphery of rotor 2 of generator 1 one or
nore magnets having very low attracti on power and capabl e of inposing a
slight positioning torque on this rotor, such torque having to be | ower
than the torque which the barrel is capé%le of providi ng when the power
reserve is alnost entirely depleted, in order not to prevent restarting.

In the enbodi nent shown by way of exanple in Figure 4, rotor 2 shown in

pl ane conpr begagMR@NEks aMed Het G INRYWP sl €4l @i nd 0o NEne! alRepkh ke Wi awi ng.
They are . . £ . 15 aIternateIX North and
South accor GFHGEGhE T Sl ehel ot & . 2REGhetStas SrPBLEIEACRd Hesi de

t he rotor atbergbowgrtveséevesane orientation.

7. Timepiece according to claim 6, characterised in
that it further comprises at least one magnet (27) placed
in the vicinity of said generator (1) to impose a
positioning torque on the rotor (2) of said generator of
such a value that the timepiece can be restarted by
rewinding said barrel (5, 6) after complete depletion of
the power reserve. '

* c L M - *



16 CLAI M5 1. Electronic tinmepiece conprising - an a.c.
vol tage generator (1) connected to a rectifier (10) intended to supply an

el ectronic circuit (11) of the timepiece, - a spring barrel (5, 6)
coupled to said generator (1) for the driving thereof, - a set of tine
i ndi cating hands (7, 8, 9) also driven by said barrel, (5, 6), sai d
electronic circuit (11) conpri sing: - atinme base (11, 12) intended to
provi de a standard frequency signal, - conparing neans (16, 17)

for conparing the frequency of said {?ne base (12, 13) to the frequency of

id a.c. | t [ [ d
veri fyi ng means (20) Eéﬁﬁgeﬁ%%ggfﬁ#@ﬁgﬁék%ﬁﬁwpﬁg 17) for
verifying whether said error si 6a t predeterm ned threshold,

and - braking neans (22) controlled by said verifying neans (20) for
el ectrically bipffRArer sai d generator (1) when said error signal passes said
first predeterm ned threshold, sai d tinmepiece being characterised in
t hat - said verifying nmeans (20) are also arranged to verify whet her

said error signal se p % r thr d ater than sai d
first predeterni ne’gl';il hr%éﬁoégg egl:lg gﬁi’?‘lér?gqg‘ dr e g‘fe?:lrﬁ 2d dﬁ%ﬁ'%?e 6f
depl eti on of EPEPPHLGEF méééﬁvéléﬁ ¢di-d L8ar rfsir (SmB)x irgni thér fikeqgenegns
(22) being algg &%izﬁ@'b&gewﬂfﬁl smﬂ é@CQHQ fPégéQBéf? bF Eﬁésgg erato
said verifyin an ein Hrt er arran to verif ﬁ , Fter
said error Slg%gf ggdsggpa thereby generated is examlned by a

wired loglc (20) allowing verification of whether this

signal passes distinct threshold values.

Passing of two of these values allows an electric

brake (22) of the generator to be controlled so that from

a certain degree of depletion of the power reserve of the

barrel (5), the eecond hand moves periodically right away

over an angle of several seconds inviting the wearer of

the timepiece to rewind the.spring (6) of the barrel (5).
. - [ o - o
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second predeterm ned threshold, said error signal becones at |east equal to
a third predeterm ned threshold, during

17 a predetermned period of time to control said braking neans at the
expiry of said period of tine; - in such a way that said hands (7, 8,
9) indicate said state of depletion by a rotation at a hi gher speed than

t he speed corresponding to the indication of the correct tine, each tine
that said error signal reaches or pasg e7 gald third predeterm ned

t hreshol d. 2. Tinepiece according/tg claim1l, characterised in that
sai d conparing nmeans conprise a reversible counter (16) whose first input
(15) receives the signal fromsaid tine base and whose second i nput (19)
receives a pul se signal having the instantaneous frequency of the voltage
supplied by said generator (1). 3. Tinmepiece according to claim 2,
characterised in that the second input (19) of said reversible counter (16)
i's connectedTgﬂwgge out put of a conparator (17) whose first input connected
to an output ,te nln@I (la) of said gfﬂg}(fﬁ) (1) and whose second input is

connect ed to renag vol t age sou 4. Ti mepiece according
to clains 2 .or 7 characterised in that said verifying neans (20)
conprise a wred | ogl ranged to anal yse selectively the dLEUt of said
reversible counter {16) as a 3 of three of its posi

representing resfeeal ely Saro— S€E apd t hi r dfpredetermned

t hreshol ds. 5} Ehxnece accordijng f clajns 1 to 4,| wherein

said integrated ciruit (11) conpriseB a startin
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circuit (23) called a POR circuit, characterised in that it also conprises
a resistive shunt (24, 25) able to be selectively connected to the out put
termnals of said rectifier (10), when said starting circuit (23) notes
that the voltage supplied by said rectifier (10) falls below a
predet erm ned val ue. 6. Tinepiece according to claimb5, characterised
in that said resistive shunt conprises @ fegistor (25) set in series with a
swi tching el enent (24) whose switching state is controlled by said starting

circuit (23), said resistor 18 bei ng
calibrated to allow restarting of the tinmepiece by rewi nding of said barrel
(5, 6) after total depletion of the wer reserve. 7. Tinmepiece
according to claim®6, characterised hatyit further conprises at |east

one magnet (27) placed in the vicinity 8f Said generator (1) to inpose a
posi tioning torqueP@R{28a)yotor (2) of said generator of such a value that
the tinmepiece,¢an befrestarged by rewinding said barrel (5, 6) after

conpl ete depl efio wer reserve.
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