1 CONTI NUOUS ELECTRI C POAER SUPPLY CRCU T REGULATED
BY A REVERSI BLE CONVERTER The present inve ﬁma ns in a
general manner the field of continuous electric power s pply CIrCUItS in
particular for tinepieces. Some tinepieces conprise in fact a solar
cell’, or an other intermttent electrical source, which provides the
necessary electrical energy to an electric novenent and/or to electronic
circuits, for exanple, for the regulation of the novenent. Unfortunately,
when the tinmepieces is not illum nated, the photovoltaic cell does not
anynore provide electricity. To av0|d t he |nterrupt|on of the novenent or
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device is then used as a direct power supply source of the
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necessary electrical energy to an electric movement and/or
to electronic circuits, for example, for the regulation of
the movement. Unfortunately, when the timepieces is not
illuminated, the photovoltaic cell does not anymore
provide electricity. To avoid the interruption of the
movement or the functioning of the electronic circuit, it
is necessary to provide an energy storing device, such as
a capacitor, which is connected between the solar cell and
the circuit/movement in question for storing the energy
provided by the solar cell when it is producing such. This
energy storing device is then used as a direct power
supply source of the circuit/movement.

However, the supply voltage needed to operate several
circuits/movements is often very low. This is in
particular the case in low power circuits in the field of
watches. Given the fact that the quantity of energy E
which may be stored by using such an energy storing device
is a function of the supply voltage U which it provides
(for a capacitor, for example, this function is given by
the formula E = 1/2.C.U2 in which C is the capacity of the
capacitor), this stored quantity of energy is limited.
Consequently, the functioning of the circuit/movement can
only be assured for a reduced period of time after the end
of the illumination of the solar cell.

To overcome these inconveniences, it would be
possible to add a secondary or a backup power supply in
such a supply circuit. This backup supply may be obtained



Consequently, the functioning of the circuit/novenent can only be assured.

for -a reduced period of tine after the end of the illum nation of the solar
cell. To overcone these inconveniences, it would be possible to add a
secondary or a backup power supply-in such a supply circuit. This backup
supply may be obt ai ned 2 by an

electrical battery or even by an el ectrochem cal accunul ator which stores
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least partially, these inconveniences.

Another aim of the invention is to provide an
electric continuous supply circuit occupying minimal
space.

The invention also has as aim to provide an electric
continuous supply circuit which allows for a long supply
life-time.

Another aim of the invention is also to provide an
electric continuous supply circuit which is simple and
which requires a small number of components for its
fabrication.

Finally, the invention has as aim to provide a
miniature supply device which is well adapted to watch
applications.

The invention thus has as object a continuous supply
circuit, in particular for a timepiece, comprising a power
supply source of said electronic circuit arranged to store
energy for supplying the latter; and an intermittent
electric source intended to provide energy to said supply
source. The supply circuit is characterised in that it
further comprises secondary energy storing means arranged
to provide energy to said power supply source when said
intermittent electric source does not provide energy to
said power supply source; and an electric dc/dc reversible
converter coupled, on the one hand, to said power supply
source, and, on the other hand, to the secondary energy
storing means, the converter comprising switching means

which modifie the converter's configuration between a



circuit, in particular for a timepiece, conprising a power supply source of
said electronic circuit arranged to store energy for supplying the latter;.
and an intermttent electric source intended to provide energy to said
supply source. The supply circuit is characterised in that it further
conpri.ses secondary energy storing nmeans arranged to provide energy to said .
power supply source when said intermttent electric source does not provide
energy to said pomer supply source; and an electric dc/dc reversible
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converter, thitsictorives terlaomnmesie ng th amspgenot® the charging voltage
U. This disposition allows to supply electronic circuits
or motors which have a low consumption, thus further
increasing the lifetime of the timepiece.

The invention is preferably embodied by a reversible
dc/dc converter, this converter converting a continuous
voltage to another continuous voltage and being a voltage
multiplier in the first configuration and being a voltage
divider in the second configuration.

Other features and advantages of the present
invention will appear when reading the description and the
drawings which follow, given solely by way of a non-
limitative example, and in which : '

- figure 1 represents a continuous electric power
supply circuit according to the invention comprising a
dc/dc reversible converter, coupled to a capacitor;

- figure 2 represents a diagram of a part of the
electric continuous power supply circuit of figure 1 when
the latter is in a normal charging state;

- figure 3 represents a diagram of a part of the
electric continuous power supply circuit of figure 1 when
the latter is in a backup state;

- figure 4 represents another embodiment of the
electric continuous suppiy circuit according to the

invention;



vol tage to another continuous voltage and being a voltage multiplier in the
first configuration and being a voltage divider in the second

configuration. O her features and advantages of the present invention
wi || appear when reading the description and the draw ngs which follow,
given solely by way of a non- limtativedexanple, and in which : -

figure 1 represents a continuous electric power supply circuit according to
the invention conprising a dc/dc reversible converter, coupled to a

capaci tor; - figure 2 represents a diagramof a part. of the electric
continuous power sTppFyIBFRcHi tTSPTEFEREE P vWREAIFAB Ioafflt Ehej elsrerior mal

char gi ng st atentinuous- pbwgtr eufpleprisenits of dizgiramdgf andpart of the

el ectric continuous pewer _supply circuit of_figure 1 en the latter,is in
5 backup state 2 PRISHrEUM YeBERRRbE st HEE . Sl B Tat

el ectri c contileetrs cs momty nuiousu ipoweet auiply tadndwe i mermrding to the

4 'i%bgyEﬁoﬁ represents a diagramof the electric continuous power
supply circuit o rgure 4, and - figure 6 represents anot her
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which is connected to the ground.
Continuous supply circuit 1 comprises an intermittent
electric source G which may be a current generator or a
voltage generator, such as a photovoltaic battery, or an
alternating electric generator driven for example by a
mechanical movement. This source G is preferably connected
to a regulator 2 connected to supply terminals Vpp and
GND, the regulator 2 equalising the output voltage Vpp.
These circuits are well known to specialists and will
not be described in detail here. It will be simply
mentioned that a classical regulator 2 comprises a
capacitor 3 and possibly a rectifying diode 4, or a diode
which avoids a returning of the current to the source. The
terminals Vpp and GND constitute here the power supply
output. Electric power consuming circuits, such as a motor
or such as electronic regulating circuits of the movement
of a timepiece, are connected to these terminals Vpp and
GND. Capacitor 3 functions as a principal supply source of
circuits/motors which are connected to these terminals Vpp
and GND because the energy generated by the intermittent
electric source G is stored, at least initially, across
its electrodes.
Continuous supply circuit 1 further comprises a
converter S5 coupled to secondary energy storing means 6,
constituted by a capacitor C. Converter 5 is coupled in
parallel to capacitor 3 by terminals Bg and Bj.



Conti nuous supply circuit 1 conprises an intermttent electric source G
whi ch may be a current generator or a voltage generator, such as a
photovoltaic battery, or an alternating electric generator driven for
exanmpl e by a nmechani cal novenent. This sdurce Gis preferably connected to
a regulator 2 connected to supply termnals VDD and G\D, the regulator 2
equal i sing the output voltage V[err]. These circuits are well known to
specialists and will not be described in detail here. It will be sinply
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electric pow%&é?&&Rﬁfﬂﬁiqk§e5%lhgtiﬁpﬁkn% QE§?§.§:VZbewhich allows to
dispose of an increased autonomy with respect to the
energy accumulated in a capacity with the voltage Vpp (E =
1/2.C.VDD2) .

During the secondary or backup state, when
intermittent electric voltage G is failing, the energy E
stored in capacitor C is released to the power supply 1 by
electric converter means 5. This power must be provided at
a substantially normal supply voltage Vpp. To this effect,
the invention provides reversible converter means 5.
Energy E which is stored at the continuous voltage V2 of a
large value is preferably reconverted by converter means S
into an electric energy provided at a low voltage Vi. In
the backup state, reversible converter means 5 thus

preferably comprise a voltage dividing dc/dc converter.

It may also be possible to provide for converter
means 5 which comprise two parallely disposed converting
circuits, a first converter functioning in the forward
direction as a voltage multiplier during the normal state,
and the other converter functioning in the opposite
direction as a voltage divider during the backup state.

However, the invention pfovides for converter means 5
which preferably comprise a unique reversible converter,
the converter having two configurations corresponding to
the two aforementioned operating modes. Converter 5

comprises to this effect integrated switching means, which



el ectrostatic energy stored in capacitor C thus increases. In the nornal
state, converter 5 is preferably a voltage multiplying dc/dc converter.
Thus, the continuous |ow voltage V[err] = VDD - G\D normal ly used in

ti mepi eces for supplying the | ow consunptgon circuits, may be raised to a
rel atively high voltage V2 corresponding to a stored energy which is
evaluated at E = 1/2.C. V22 which allows to di spose of an increased autonony
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i nt egrat ed svitlbsngamednsinwfiiggure 1 thus comprises a reversibleb
voltage multiplying dc/dc converter 5 in the forward
direction in the first configuration, and switching means
allowing the converter to obtain a second configuration in
which it is a voltage divider in the opposite direction.
In the forward direction, the continuous voltage V1 at
terminals Bg, Bl of reversible converter 5, is multiplied
to a continuous voltage V2 at the terminals of capacitor
C, voltage V2 having a value which is larger than voltage
V1. In the opposite direction, continuous voltage Vz'at
terminals +, - of capacitor C is divided into a continuous
voltage V1 provided at terminals Bg, Bl, of reversible
converter 5, voltage Vi1 thus having a value which is
smaller than voltage V2.

Reversible converting circuit 5 of figure 1

comprises, for example, at least an inductance L and a
switching circuit comprising four static switches Ti1, T2,
T3, T4 and a diode D. The switching circuit has the shape
of the Latin letter "A". One end By of inductance L is
connected to a terminal B3 via a static switch T3,
terminal B3 being connected to a terminal "-" of capacitor
C via switch T1. Furthermore, the end B2 of inductance L
is connected to a terminal B4 via a static switch T4,
terminal B4 being connected to a terminal "+" of capacitor
C wvia the switch T2. Diode D connects terminal B3 to



are preferably static, i.e. which switch w thout mechani cal novenent, such
as field effect transistor or thyristors. By acting on these swtching
means, the electric diagramof the converter is nodified such that the
direction and the electric conversion ratyo are inverted. The

I nvéntion further provides for power neasuring neans of the power supplied
and for control neans of these static switches. These neans allow to detect
any |lowering of the squLy power and to control a nodification of the
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Static switches T1, T2, T3, T4 are preferably field
effect transistors or, mbre specifically, P-type or N-type
MOS transistors obtained by the CMOS technology. They
respectively receive control signals sl, s2, s3, s4 at
their gates. In figure 1, to facilitate the understanding,
the switches are represented by way of P-channel
transistors, i.e. the channel is conducting if the control
signal applied to the gate is in the state "0", i.e. that
the gate voltage is lower than the source voltage of these
FET transistors. Other alternatives of the switch are well
known to the skilled person and may be used thereby
remaining within the scope of the invention.

In the first configuration, switch 4 is opeh'and
switches T3 and T2 are closed. Finally, switch T1 1is
alternatively closed then opened. For example, the P-
channel transistors T4, T3, T2, T1 as illustrated in
figure 1 respectively receive :

- a gate signal s4 in the state "1*";
- a gate signal s3 in the state "0";

- a gate signal s2 in the state "0", and



7 termnal Blerr], the cathode of the diode being oriented toward
termnal B4. Finally, termnal "-" of capacitor Cis connected to term nal
Bl[err] of converter 5, termnal B[err] being constituted by the other end
Bl[err] of inductance L. It should be not t hat inductance L is connected
in series wwth switching circuit 5 between termnal Blerr] and the term nal
"+" of capacitor C Conventionally speaking, as termnal B[err] is
connected to ground GND, its potential is considered being zero. In the
followi ng of the descomptdtn gate bt fewainRars e copshdenadd heighnde saurce
provides a positive voltage V[err] e. that the potential of term nal
Blerr] is podfasing fmam ﬁ%aé?ﬁerg Bﬂ SE@RSerter 5 in the embodi nent
according to figurm Jthmusomfngmﬂaslanpaaet Ie\l%c‘t@‘h'fc&g.e Ma&Frdmt O£ t BRe
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figure 1 respectively reéeceive :
inductance, to charge capacitor C via diode D. Diode D

avoids a discharge of capacitor C when the interrupter K1

is closed during the following "cut-off" cycle. At each
close-opening cycle of interrupter Kji, capacitor C
receives a supplementary charge which increases its
voltage Vout corresponding to V2 in figure 2. It should be
noted that this configuration of parallel sampling causes
a voltage multiplying with the ratio of the output voltage
Vout and the input voltage Vin being multiplied,

corresponding to the following equation :

in which £ is the closing rate of interrupter Ki,
(respectively of switch T1), i.e. £ is the ratio of the
duration of the closing with respect to the duration of
the closing-opening cycle.

In the second configuration, switches T4 and T1 are
closed, and switch T3 is open. Finally, switch T2 ig
alterningly closed then opened. For example, the P-channel
transistors T4, T3, T2, T1 as illustrated in figure 1
respectively receive :

- a gate signal s4 in the state "0";



- a gate signal s4 in the state "1"; - a gate signal s3 in the state

"0"; - a gate signal s2 in the state "0", and
8 - on the gate of transistor T[err] a pulse signal sl varing from
state "0" to state "1". In this configuration the electrical diagram of

the converter is equivalent to that of figure 2, with the pulse controlled
switch T[err] corresponding to the interrupter Klerr]. The latter is '
alternatively closed than opened by a so-called anal ogue "cut-off" control
of control signal sl. a\garet Be@ghalesBupheeh&| etateisic] osed, the vol tage
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in the opposite direction going from capacitor C to
capacitor 3. The converter thus converts electric static
energy which is stored in capacitor C at a continuous
voltage of V2 into an electric energy at continuous
voltage V1 for the continuous electric power supply.

In fact, in the second configuration of the
reversible converter according to the invention, switch
T2, which corresponds to interrupter K2 in figure 3, is
alternatively opened or closed by the control s2. Control
s2 corresponds to the above-mentioned "cut-off control",
the controls sl and s2 are interchangeable when changing
configurations. In the second configuration, when switch
T2 corresponding to interrupter K2 of figure 3 is closed,
capacitor C discharges across inductance L with a
discharge current 12 which provides the energy to
capacitor 3. Current iz, illustrated in figures 1 and 3,
provokes a voltage drop when crossing inductance I so that
the voltage Vi between terminals Bj and By of converter 5

- has a lower value than the voltage V2 of the terminals of
capacitor C. When switch T2, analogue to interrupter K2 in
figure 3, is open, a current i3 continues to circulates in
diode D, in inductance L and in capacitor 3.

In should be noted that in the second configuration
according to the conventions of figures 1 and 3, current
ip and voltage Vi1 are positive such that converter 5 is an
electric power generator intended for power supply. In the
first configuration, converter 5 in on the contrary a

consumer of electric power because voltage V] and current



in which f is the closing rate of interrupter Klerr], (respectively of

swtch T[err]), i.e. f is the ratio of the duration of the closing with
respect to the duration of the closing-opening cycle. In the second
configuration, switches T[err] and T[ erri are closed, and switch T3 is
open. Finally, switch T2 is alterningly Posed then opened. For exanpl e,
the P-channel transistors T[err], T[err], T[err], T[err] as illustrated in
figure 1 respectively receive : - a gate signal s4 in the state "0";
9 - g S| . ' . te " = t
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state "1", ardurrent apats signibhesidirechdos; grPopite to fthahef
second confi guhaldn@n i?r)e_ el ectrical diagramof the converter is equival ent
to the one of figure 3, the pulse controlled switch T2 corresponding to

interrupter K2. THis, shReldeizihper hmvepter dthatgurd 1thdsysggcond
Spcor f'! ng t O_é&%ﬂ@wﬂﬂo@no:fo sb&@?@Vgéinpﬂ.ﬂfig‘?' gﬁérT ténpeyeeri moWEﬁSOEﬁ@Si te
irection goin rom capagitor C.to capacitor 3. ef,.t hus
converts el ediHi@%t 3 5379\%3 8% EgesFSPE&nPﬁngaggg}é?érg gza?gathe
cont i nuous vddmgmals \§&rthei oapaantereand chen@optistuamtvelivageviiLt age

V[err] for the copiinuqus ric we t, 4

second configf&fat?%ﬁ of ?ﬂghrqééesrsi ]?e %8?11ver %er].:acgor m{';& ot lgr{&gd

i nvention, swidmtestondimigeltoctheefpdbhdwing eauatiempter K2 in figure 3, is

alternatively opened or closed by the control s2. Control

vl _
vz'f

in which f is the closing rate of switch T2 (or of
interrupter K2), i.e. the ratio of the duration of closing
with respect to the duration of the closing-opening cycle
of the second configuration.

The values of the ratio of multiplication and of
division of the continuous voltages indicated herebefore
are However simply indicative. If we would like to obtain
a specific value of the supply voltage Vpp, it would be
preferable to assure that the closing ratio of switches T1
and T2 is slaved to a measurement of the wvalue of voltage
Vpp at the output of the regulator or of the voltage Vi at
the terminals of converter 5.

Advantageously, this measurement may be combined with
the measurement of the electric power of the supply or of
the source which controls the modification of the
configuration of the reversible converter.

An embodiment will now be described with reference to
figure 1 which is solely an example of a control circuit
of the switching means. Control circuit 7 comprises
measurement means Cmp of the electric power provided by
the source and comprises control means, for example a
pulse generator H and a logic circuit, connected to
switches T1, T2, T3, T4 of converter 5. The functioning of

the logical circuit of figure 1 will be described by way



s2 corresponds to the above-nentioned "cut-off control”, the controls sl
and.s2 are interchangeabl e when changi ng configurations. In the second
configuration, when switch T2 corresponding to interrupter K2 of figure 3
is closed, capacitor C discharges acrossqjnductance L with a discharge
current i2 which provides the energy to capaC|tor 3. Current i2,
Illustrated in figures 1 and 3, provokes a vol tage drop when crossing

i nductance L so that the voltage V[err] between termnals B[err] and B[err]

of converter of hagarip iQWeE:oﬂéh.dérEthn fties ve) t eget Vehef stdm:nermnaageof
capaC| tor en sw
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the contrary j& GoNSURRML+@f »glkectric power because voltage V[err] and

current [err] are positive
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being divi ded, GOJERAQNHRNG 105186658LLOWLAI ARH Y iYL drf'dle signal s4
and the signal of the pulse generator H, duplicates the
pulse signal H.

Control circuit 7 thus puts converter 5 into the
first configuration.

When the source starts failing or when the electronic
circuits of the timepiece start consuming too much
electric power, the supply voltage Vpp becomes
insufficient. Voltage V1 is thus low and the output of
comparator Cmp changes to the state "0".

~ Signal s4 directly obtained is in a state "0";

- Signal s3, obtained at the output of an inverter,
is in a state "1";

- Signal s2 duplicates the pulse signal H; and

- Signal sl is in a state "0".

When the source starts failing, the control circuit 7
thus disposes the converter 5 in the second configuration.

According the a non-illustrated embodiment, the
control means 7 may advantageously control the closing
ratio £ of switches T3 or T2 (according to the
configuration). Control circuit 7 may for example comprise
a generator of pulses H having variable widths. In the
second configuration, the width of the pulses may thus be
controlled by the measurement means of the wvoltage Vi
provided by converter 5. As such any variations of the
energy and of voltage V2 of the capacitor C during its

discharge on voltages V] and Vpp can be avoided. In the



in which f is the closing rate of switch T2 (or of interrupter K2), i.e.
the.ratio of the duration of closing wwth respect to the duration of . the
cl osi ng- openi ng cycle of the second configuration. The val ues of the
ratio of multiplication and of division g% t he conti nuous vol t ages

I ndi'cat ed herebefore are however sinply rfidicative. If we would like to
obtain a specific value of the supply voltage VDD, it would be preferable
to assure that the closing ratio of smﬁtches Tl[err] and T2 is slaved to a
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converter being in operation in a forward direction or in
a reversed direction, and the supplementary phase
corresponding to the none-functioning of the converter. In
this phase of none-functioning, the converter does not
transmit any electric power, neither in the forward
direction towards capacitor C nor in the reverse or
opposite direction towards power supply 1. The converter
may be simply disconnected, the switch T1 and T2 being
open (control signals sl and s2 being in the state "0").
Thus, capacitor C conserves the energy E which it had
already stored. This phase may be inserted between the
passage of one configuration to another to avoid switching
problems. More generally, this phase may be controlled
when the power of the source G is sufficient to supply the
electronic circuits of the timepiece but when this power
is too weak to further supply the converter 5 and the
capacitor C. |

An advantage of the continuous électronic supply
circuit according to the invention is that the converter 5
may use the same inductance . and the same diode D in
these configurations. More specifically, in a timepiece
application, inductance L may be a winding of an inductive
motor such as a stepping motor. In this case, an other
advantage of the continuous electronic supply circuit
according to the invention occurs, i.e. the transistors T1
to T4 may be constituted by the control transistors of the

watch motor. A continuous electronic supply circuit is



of conparator Crmp is in a state "1". - Signal s4, obtained directly,

Is i-n a state "1"; - Signal s3, obtained at the output of an inverter,
isin a state "0"; . - Signal s2, obtained at the output of a gate &2
perform ng the | ogic operation AND between the signal s3 and the pul se
siginal H is in a state "0", and 1% gnal s1, obtained at the out put

of a gate &1 performng the | ogic operation AND between the signal s4 and
t he signal of the pul se generator H, duplicates t he pul se signal H.
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capacitor C2. Inductance L forms here the bar of the "H".
Four static switches Sj3, S2, S3, S4 are disposed in the
respective straight ends of the "H". The circuit further
comprises two diodes 21, 22, respectively disposed in a
top part of the "H" and in a bottom part of the "H", each
diode being connected in parallel to a switch, for example
respectively S1, S2.

As 1s the case for the preferred embodiment, this
second reversible converter may have two configurations.
In the first, it converts the voltage V1 available at the
terminals of capacitor Cl into a voltage V2 applied to
capacitor C2. In the second configuration, it reconverses
the energy E stored in the Capacitor C2 at a voltage V2
into an electric power which is released to capacitor C1
and to power supply 1 at a voltage V7.

In the second embodiment, the switching means S1, S2,
S3, s4 configuré the inductive accumulating sampling
converter. This sampler comprises a switch S connected in
series with a diode Z. between the terminal "+" of

capacitor ¢l and a terminal "-" of capacitor C2, the anode
of the diode Z being connected to the terminal "-" of
capacitor C2. The terminal "-" of capacitor Cl and the

terminal "+" of capacitor C2 are connected together by a

wire, forming preferably a grounded wire. The inductance L



12 first configuration, a nmeasurenent of the charge voltage V2 of
capacitor C may be provided, the neasurenent controlling the closing ratio
f of switch T[err], so that the ratio f increases according to the charge
of the capacitor. As such, one can avoid that the conponents of converter 5
undergo very high currents and/or voltages. It should further be
mentioned that the control of converter S4my conprise three phases, two
phases corresponding to the aforenenti oned configurations, the converter
being in operation in a formard direction or in a reversed direction, and

t he suppl enentary phase cQrresponding to the ngne-functioning of the
converter. |n%hiSLHPHRSES f 2§Tn Pieon?‘?'nﬁl,'mg %%nGléPp& goc—?an'notthe
transmit agy @t@maezﬁ wiver THeeidampling thiechiewahdsdfoemsi an tRwar ds |
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el ectronic sqpbhyndmydumé Eummmwﬁn@geQQamheninventlon is that the converter
5 may use the sane inductance L and the sane diode D in these
configurations. Mre specifically, in tlngglece application, inductance L

may be a winding of an inductive notogr;FsSEE a stepping notor. In this
case, an other advantage of the continuous €l'ectronic supply circuit
according to the invention occurs, i.e. the transistors T[err] to T4 may be

constituted by thergontyidl &&@BAESISo@InbAE, VAR BBhYerth COBLERHRAS
el ectronic supply circuit js
revérsible simply by inversing its configuration. The

control of switches S1, S2, S3, S4 is similar to the
control of the four switches of the preferred embodiment.
It should however be mentioned that in the first
configuration, the converter of figure 4 corresponds to
the inductive accumulating sampler of figure 5, this
 sampler converting the voltage Vi into the voltage V2 -in
the forward direction. In the second configuration, it can
be seen in figure 4 that the converter may take on a
symmetrical configuration of the inductive accumulating
sampler in the reverse direction, the voltage .V2 being
reconverted into the voltage V1. In this embodiment, the
converter has a first configuration and a second similar
configuration because the voltage in the forward direction
may be increased by a closing rate £ which is larger than
1/2 and may be decreased in the opposite direction by a
closing rate £ which is smaller than 1/2. Thus, a storing
of energy E at a high voltage V2 in a capacitor C2 may be
obtained according to the inwvention.

In another embodiment, the diode or the diodes
mentioned hereabove may be replaced by active diodes, i.e.

by diodes which comprise at least one active element, such



13 t hus advant ageously obtai ned which has snmall di nensi ons and which
only requires a mninml nunber of conponents. O her enbodi nents of the
dc/dc reversible converter nmay be foreseen. A second enbodi nent,
illustrated in figure 4, conprises a converter which is coupled, on the
onehand, to a capacitor Cl which nmay be ife capacitor of supply 1, and, on
the other hand, to a storing capacitor C2. In this second enbodi nent,
the converter has the shape of the Latin letter "H', the feet of the "H'
bei ng connected to the term nals of capacitor Ci, and the tops of the "H'
bei ng connecasdancoparatienthatmpbifiemr, ompawinaratc, |adumrmicedr far ns

here the baraoélﬁffarkéle£€WE SYHldHE 1G1eS 25k %gékof§%%19150§L$ (]

S[err] are disposed in the respective rai ht en e circuit
further conpri sesT‘PwGhélso@ésf%lt' Zleg‘ﬂ’é%pécﬁ'e@é]#%%&e‘éllﬁﬂramt@é part of

t he | :4'| and wnalb.th@mswﬁlwf cif\@ulb” 2 0e ahpH iafln P AN 0 1 6RRRGGIAGA Y
parallel to a.s

f t | h
for the prefﬁ}?m%réﬁb38$%§%¥ ﬁﬁgggéggﬁﬁive g%S|bP§hEBﬁQEFA§ aﬁﬁi Cgs?mo

configuratioaforemenheohedstapatxtonvertEhbheonmhhﬂ@asvpmgdlyﬂmnlﬁ&jéeeﬂ
the term nal 5o OkufERAL! LB Ald ladUie AIA99 V3oapRy! 89 1O capac or

C2. In the secon guration, reconverseS thé“energy E stored in the
capacitor C2 at aTh§It®©§1V§ |@%©d§§ eRéctr2g. posmd whi clrespeeckdasddito

capaci t or Clcaﬁgrtlgém%&np%ﬁw&a/ré @4 a \2@ t ag@ V{zer rds weill Tud heggsecond
enmbodi nent , the smntchln%% gg a#ﬁ , .4 configure the inductive
ert i

accumul ati ng §§ﬁﬁl"?ﬁ§r§o @%an%‘?‘élﬁ eénphiass ackiveckigdes

connected infunctions in an identical manner. When considering the
case of active diode 21, the positive input and the
negative input of comparator 24 are connected to the drain
and to the source of the FET transistor 27. The output of
comparator 24 is connected to the gate of transistor 27.

Further, it is known that a parasite diode is created
when an FET transistor is diffused in a substrate, this
parasite diode being in fact connected between the source
and the drain of the FET transistor. Thus, active diodes
21, 22 and 23 further comprise parasite diodes which are
referenced 30, 31 and 32 in figure 6.

During starting up, i.e. when a current is provided
to active diode 21 for the first time, this current passes
through the parasite diode. This creates a voltage drop
across active diode 21 which can be around 650 mV. This
voltage drop is detected at the input of comparator 24. As
a consequence, comparator 24 applies a control signal to
the gate of transistor 27 so that the latter becomes
conductive and that the parasite diode 30 is short-
circuited. This provokes a drop of the residual voltage

~across active diode 21, for example, from about 650 mV to
50 mV. Active diode 21 stays conductive as along as there
is a current provided to this diode, in this case by the
intermittent electric source G.

Continuous supply circuit 20 of figure 6 further
comprises control circuits 33, 34 and 35 respectively

connected between the output of compafator 24 and the gate



series wwth a diode Z between the termnal "+" of capacitor cl and a
termnal "-" of capacitor C2, the anode of the diode Z being connected to
the termnal "-" of capacitor C2. The termnal "-" of capacitor Cl and the
termnal "+" of capacitor C2 are connected together by a wire, formng
preferably a grounded wire. The inductance L

14 i's connected between the cathode of diode Z and the grounded wire.
The sanpling circuit thus fornms an "H'. 16 During operation, switch Sis
cl osed then opened by a pulse signal CK called "sanpling control”. This

sanpling configuration has the characteristic of lowering or of increasing
the voltage according to the closing rate f of switch S. The ratio of the
out put vol t ag@fvEraasiftamAR. RAtwaan Whe qutmik o hiscongarrtare?s i and
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thi s sanpl er weawnsr 7iindft aetivet djedebel2l] 22tandh23 vaté ageed2as nactual
diodes or if transistors 27, 28 or 29 which are parts of
these active diodes, are more used as switching
transistors.

Thanks to these control circuits, continuous supply
circuit 20 may be configured either according to the
diagram of figure 2, or according to the diagram of figure
3. Indeed, if control circuit 35 applies a series of
pulses to the gate of transistor 29 so that the latter
functions as the switch.Kl described hereabove, it can be
seen that continuous éupbly circuit - 20 takes on the
configuration represented in figure 2. Also, if control
circuit 34 applies a series of pulses to the gate of
transistor 28 in such a way that the latter functions as
does switch K2 described hereabove, it can be seen that
continuous supply circuit 20 takes on the configuration as
represented in figure 3.

Advantageously, such an arrangement allows to
minimalise the number of elements which can not be
integrated with the continuous supply circuit because
external diodes are not anymore necessary. Furthermore,
this arrangement allows to considerably reduce the
unnecessary - voltage losses of the continuous supply
circuit.

Other configurations of the reversible converter may
be obtained, a large number of variations being known to
specialists, as results from the preceding description.



the forward direction. In the second configuration, it can be seen in
figure 4 that the converter may take on a symetrical configuration of the
i nductive accurul ating sanpler in the reverse direction, the voltage Vferr] .
being reconverted into the voltage V[err], In this enbodi nent, the
converter has a first configuration and second sim | ar—eonfiguration

because the voltage in the forward direction may be incr
rate f which is larger than 1/2 and may be decreased in ﬂmgm B’iuﬁ'lo’mll
di rection by ing rate f which is smaller than 1/2. of
energy E at éiﬁggﬁfvoltage V2 in a capacitor C2 may be obtai ned according
to the invention. I n anot her enbodi nent, the diode or the diodes
mentioned hereabovg ”E}Sntﬂﬁnﬁ%ﬁlsa%ﬂ&aEEk‘Eﬁi@',oqq'?’péréicgia@ oggs yhi ch
conprise at |east one active el ement
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positive input and_ the negative iIpnpu onparator 24 are connected to the
drain and toPORViGR rerdY R tPﬁW%FsFBPPéY SPR&ESGut (Ut When said

intermittent electric source (G) does not provide energy

to said power supply source; and

- an electric dc/dc reversible converter (5),
coupled, on the one hand, to said power supply source (3),
and, on the other hand, to the secondary energy storing
means (6),
the converter comprising switching means (T1, T2, T3, T4).
and control means (7) acting on said switching means so as
to modify the configuration of said converter between
a first configuration in which said converter (5)
transfers, in a forward direction, the energy coming from
the intermittent electric source (G) to the secondary
energy storihg means (6), and
a second configuration in which the converter (5)

- releases, in the opposite direction, the energy stored by
the secondary energy storing means (6) to said power
supply source.

2. Supply circuit according to claim 1 characterised
in that said converter (5) is a dc/dc converter, and in
that said control means (7) act on said switching means
(T1, T2, T3. T4) in such a way.that said converter is
either a voltage multiplier in said first configuration or
is a voltage divider in said second configuration.

3. Supply circuit according to anyone of claims 1 or
2, characterised in that said control means (7) act on
said switching means (Tq, T2,'T3, T4) in such a way that



conparator 24 is connected to the gate of transistor 27. Further, it is
known that a parasite diode is created when an FET transistor is diffused
in a substrate, this parasite diode being in fact connected between the
source and the drain of the FET transistor. Thus, active diodes 21, 22 and
23 further conprise parasite diodes which are ref er enced 30, 31 31T and 32

figure 6. During starting up, i.e. when a current |i"ﬂﬂu m mve
diode 21 for the first time, this curremntd passes throug l ﬂ ﬂ' ""ﬂ ,
diode. This creates a voltage drop across active diode 21 which ctn be *
around 650 nmV. This voltage drop is detected at the input of conparator 24.

As a consequ pI| al. o th te of
transi stor Zgggg F%ﬂ?%ﬁfgﬁki% eco 55 %%ﬁ% C?améi%%a ?atﬁeqﬁﬁF%S|te
di ode 30 is stmfiguratiomt ezhd Wh@t maid kesnventierp iof & lsenies dusdplend t age

across active, diogdg gécoﬁcprcm@yr%tlf om about 650 nV to 50 nV. Active
di ode 21 stays conductlve as along as there is a current provided to this

diode, in this cas® SRR i FHEFWE tapcordtagr fe apypPre ef the cdmimsuous

supply circuitoz20 »f Ehgvaeterfigddein CORRLI Safe COBhTRk ek C@B)t51§31ar34 and
35 respectivel connected betmefn t he outgut of coqgarato gnd t he. gate
16  of tran‘s’t‘é‘t“& L7 haCRetH tRELOG puiaBPLlEgnpartat of 258 arRif t hEad& e of
transi stor Z&nﬁdgheta\t&elmst hearcdit pnt tth]‘atcwaaiad at:ont%ﬁlamcéagkw gay e 2afe
transi stor 2 . 04 irc ' [ ran Q a
function of %§ ﬁéﬁ kﬁeﬁgﬁ S o%b hé%% r?q%fg% E%%eEPﬁeg%g %%e
sampllng so that the converter (5) is a voltage multlpller

in said first configuration and so that said converter is
a voltage divider in said second configuration.

5. Supply circuit according to anyone of the
preceding claims, characterised in that the converter (5)
comprises an accumulating inductance (L) in each of said
configurations, the same inductance being used in said
first and in said second configuration.

6. Timepiece characterised in that it comprises a
supply circuit according to anyone of the preceding claims
1 to 5.

7. Timepiece driven by a movement having 'an
inductive electric motor, such as a stepping motor, and
comprising a supply circuit according to anyone of the
precedihg claims 1 to 5, characterised in that at least
one sampling inductance (L) is an inductance of the motor.

8. Timepiece according to anyone of the claims 6 or
7, characterised in that the continuous intermittent
electric source (G) comprises a photovoltaic battery.



means 7) if active diodes 21, 22 and 23 are used as actual diodes or if
transistors 27, 28 or 29 which are parts of these active diodes, are nore
used as switching transistors. Thanks to these control circuits,
continuous supply circuit 20 may be configured either according to the

di agram of figure 2, or according to the diagramof figure 3. Indeed, if
control circuit 35 applies a series ofqpulses to the gate of transistor 29
so that the latter functions as the swtch Kl described hereabove, it can
be seen that continuous supply circuiE ﬁo Eakes on the configuration
represented in figure 2. Also, if co ACLircuit 34 applies a series of

pul ses to the gate of transistor 28 in such a way that the latter functions
as does swi t ch CONTINUOUS | ELEGTREQ POKER SUPPLY CIRCUIF REGHLATEDRBYCMnt i nuous
supply circuit 20 takes on t REVERSIBLEUCGNVIERTERAS represented in figure 3.
Advant ageousl y, such an arrangenent allows to m ninmalise the nunber of

el enments which can not be integrated with the continuous supply circuit
because external The&d€sedfe ofottiadyim¢EenBEEAS TNy t HIfé NP Ldtion

arrangenment allows.to considerably .r.educe t.he unnecessary yol.tage | osses of
Lhe cont | nudtES SUERIBOLF CUIRELY RIdHRgS c it IRt o GF° (TRETRES bl e
converter nesibeubbsacdedimedimaps winbse elecariiat ipovebesugpkyouws ta

speci al i st s, a5 &RSIld & TSBdRe precedi ng description.
17 :
The invention provides an electric continuous power

supply comprising :

- an electrical continuous source (G) coupled to a
power output (VDD, GND);

- energy storing means (4); and

- a reversible dc/dc electric converter (S) coupled
on & one hand to the power output (VDD, GND), and on the
other hand to the energy storing means (4); the converter
(S) comprising switchiﬁg means (T1, T2, T3, T4) for
modifying its configuration.

According to the invention, the power supply storing
means (4) comprise essentially a capacitor (C).

Preferably, the reversible converter (S5) is a dc/éc
converter, the converter being a voltage multiplier in the
first configuration, and being a voltage divider in the
second configuration.

Figure 1



1. Continuous supply circuit, in particular for a tinmepiece, conprising :
- a.power supply source (3) of said electronic circuit arranged to store

energy for supplying the latter; - an intermttent electric source
(G arranged to provide energy to said supply source characterised in that
said supply circuit further conprises - secondary energy storing

nmeans (6) arranged to provide energy to avﬂzpomer supply source (3) when
said intermttent electric source (G does/n0t provide energy to said power
supply source; and - an electric dc/dc reversible converter (5),
coupl ed, on the one hand, to said power supply source (3), and, on the
ot her hand, to the econd ry energy storing neans (6), the converter
conprising swtchi gr (T[err], T[err], T[err], T[err]), and contro
means (7) acting on sa#d Sw tching neans SO as %? nDdlfy t he configuration
of said converter between a fmﬁst C lnylch said converter (5)
transfers, in a forward direR : by » o m-+Pe intermttent
el ectric source (G to thefsecondary energy|stofi pans (6)4 and a second
configuration in which thejconverter (5) redeases, in the opppsite
direction, the energy sVim¢d by the secdfdyry ene(gu-a oring jMeauts (6) to
sai d power supply source. 2. Supply cifcuit accgrding tof claim1l
characterised in that saidiconverter (5) is|a dc/dc -onverter and i n_that
said control neans (7) act & . F -T[err] Tlerr],
T[err]) in such a way that said converter is elther a voltage nultlpller in
said first conflguratlon or is a voltage divider in said second
configuration |g f]a by pI ylcircuit according to anyone ob clains Bor 2,
t said

characterised i control neans (7) act on said swjtching rfegans
(T[err], T[err], T[err]] T[erfr]) in such a way that
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said converter (5) is a parallel sanpler in said first configuration, and
that said converter is a series sanpler in said second configuration.
4. Supply circuit according to anyone of the clainms 1 or 2, characterised
in that the converter (5) is an inductive accunul ating sanpler in each of
said configurations, and in that said con? J;;eans (7) are arranged in
such a way as to regulate the cut-off of npling so that the converter
(5) is avoltage multiplier in said first configuration and so that said
converter is a voltage divider in said second configuration. 5.
Supply circuit according to anyone of t re eding clains, characterised
in that the converter (5) conprises an ting inductance (L) in each
of said configurations, the sane inductan bel ng used SB said first and in
sai d second confi Lan - 6. _Ti mepi ece character in that it
conprises a supply ci rcuit—‘accordiﬁé to anyone of {he preceding claims 1 to
5. 7. Timepi Lve N i nductivelelectric
notor, such as a i ng potor, and conmprising a supply circdit acfording
to anyone of the pr. [ ctaims 1 to 5, char ctelseMtht at east
one sanpling indu ] is an inductance of&the ”DFG'KJ .
Ti mepi ece accordi bng, of the clains g 7, ch ter %‘; hat
t he continuous in _e'1 ectricSdource ( conpri 2ze§ a p{:r? iC
‘battery.
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