
(19) *EP004513278A1*
(11) EP 4 513 278 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
26.02.2025 Bulletin 2025/09

(21) Application number: 24195797.6

(22) Date of filing: 22.08.2024

(51) International Patent Classification (IPC):
G04C 10/00 (2006.01) G04G 19/12 (2006.01)

(52) Cooperative Patent Classification (CPC):
G04C 10/00; G04G 19/12

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
GE KH MA MD TN

(30) Priority: 24.08.2023 JP 2023136121

(71) Applicant: Seiko Epson Corporation
Tokyo 160‑8801 (JP)

(72) Inventor: YAMAZAKI, Yutaka
Suwa-shi, 392‑8502 (JP)

(74) Representative: Lewis Silkin LLP
Arbor
255 Blackfriars Road
London SE1 9AX (GB)

(54) ELECTRONICALLY CONTROLLED MECHANICAL TIMEPIECE

(57) An electronically controlled mechanical time-
piece includes: a mainspring; a gear train adapted to
transmit a mechanical energy of the mainspring; a hand
driven by the gear train and adapted to tell time; a speed
governor adapted to control a rotation cycle of the gear
train; a control IC; and a battery adapted to supply power
to the control IC. The control IC includes: a rotation
detectoradapted tooutputa rotationdeterminationsignal
that is in accordance with rotation of the gear train; and a

speed governing controller adapted to control the speed
governor.When the rotation determination signal indicat-
ing that the gear train is rotating is outputted from the
rotation detector, the control IC causes the speed gov-
erning controller to operate. When the rotation determi-
nation signal indicating that the gear train is not rotating is
outputted from the rotation detector, the control IC con-
tinues operation of a rotation detection function and
causes the speed governing controller to stop.
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Description

BACKGROUND

1. Technical Field

[0001] Embodiments of the present disclosure gener-
ally relate toanelectronically controlledmechanical time-
piece.

2. Related Art

[0002] In the field of an electronically controlled me-
chanical timepiece configured to rotate hands coupled to
a gear train by using a mechanical energy produced
when a mainspring is released and configured to control
a speed governor coupled to the gear train bymeans of a
rotation controlling unit, JP-A‑11‑52077 discloses an
electronically controlled mechanical timepiece that in-
cludes a power supplying unit that is a primary battery
or a secondary battery configured to supply an electric
energy to the rotation controlling unit.
[0003] In the electronically controlledmechanical time-
piece disclosed in JP-A‑11‑52077, a switch is disposed
between an IC, which is the rotation controlling unit, and
the primary battery or the secondary battery, and the
switch is turned off while the gear train is not driven
because the mainspring has been released due to aban-
donment of the timepiece for a long time, thereby pre-
venting wasteful power consumption and extending the
service life of the power supplying unit.
[0004] However, providing a switch between an IC and
a battery results in an increase in size of amovement of a
timepiece. Therefore, an electronically controlled me-
chanical timepiece that includes a battery configured to
supply an electric energy to an IC, and makes it possible
to prevent wasteful power consumption and suppress an
increase in size of a movement is demanded.

SUMMARY

[0005] An electronically controlled mechanical time-
piece according to a certain aspect of the present dis-
closure includes: a mainspring; a gear train adapted to
transmit a mechanical energy of the mainspring; a hand
driven by the gear train and adapted to tell time; a speed
governor adapted to control a rotation cycle of the gear
train; a control IC; and a battery adapted to supply power
to the control IC. The control IC includes: a rotation
detectoradapted tooutputa rotationdeterminationsignal
that is in accordance with rotation of the gear train; and a
speed governing controller adapted to control the speed
governor.When the rotation determination signal indicat-
ing that the gear train is rotating is outputted from the
rotation detector, the control IC causes the speed gov-
erning controller to operate. When the rotation determi-
nation signal indicating that the gear train is not rotating is
outputted from the rotation detector, the control IC con-

tinues operation of the rotation detector and causes the
speed governing controller to stop.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

FIG. 1 is a front view of an electronically controlled
mechanical timepiece according to a first embodi-
ment.
FIG. 2 is a block diagram that illustrates a schematic
configuration of the electronically controlled me-
chanical timepiece according to the first embodi-
ment.
FIG. 3 is a circuit diagram that illustrates an oscilla-
tion circuit according to the first embodiment.
FIG. 4 is a flowchart that illustrates speed governing
control processing according to the first embodi-
ment.
FIG. 5 is a diagram for explaining rotation detection
processing performed by an induced voltage detec-
tion circuit according to the first embodiment.
FIG. 6 is a diagram for explaining rotation detection
processing performed by a rotation cycle detection
circuit according to the first embodiment.
FIG. 7 is a graph that illustrates a relationship among
a power storage device voltage, an IC consumption
current, and amainspring output torque according to
the first embodiment.
FIG. 8 is a block diagram that illustrates a schematic
configuration of an electronically controlledmechan-
ical timepiece according to a second embodiment.
FIG. 9 is a circuit diagram that illustrates an oscilla-
tion circuit according to the second embodiment.
FIG. 10 is a graph that illustrates a relationship
among a power storage device voltage, an IC con-
sumption current, and a mainspring output torque
according to the second embodiment.
FIG. 11 isablockdiagram that illustratesaschematic
configuration of an electronically controlledmechan-
ical timepiece according to a third embodiment.

DESCRIPTION OF EMBODIMENTS

[0007] With reference to the accompanying drawings,
an electronically controlled mechanical timepiece 1 ac-
cording to an embodiment of the present disclosure will
now be described.
[0008] FIG. 1 is a front view of the electronically con-
trolled mechanical timepiece 1. As illustrated in FIG. 1,
the electronically controlled mechanical timepiece 1 is a
wristwatch worn on the wrist of a user, and includes a
case 2 having a cylindrical low-profile shape. A dial 3 is
disposed inside the case2. The front one of twoopenings
of the case 2 is closed by a cover glass, and the back one
of them is closed by a case back.
[0009] The electronically controlled mechanical time-
piece 1 includes a non-illustrated movement, which is
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housed in the case 2, and hands 4, which tell time. The
hands 4 are made up of an hour hand 4A, a minute hand
4B, and a second hand 4C. The dial 3 has a calendar
window 3A. A calendar disc 6 can be seen through the
calendarwindow3A.Thedial 3 further hashourmarks3B
for reading the time and a fan-shaped sub dial 3C for
letting the user knowaduration time bymeans of a power
reserve indicator 5.
[0010] A crown 7 is provided on a side of the case 2.
The crown 7 can be moved by being pulled out to a first-
clickpositionand toasecond-clickposition fromazeroth-
click position of being pushed in toward the center of the
electronically controlled mechanical timepiece 1.
[0011] By pulling the crown 7 out to the first-click posi-
tion and then rotating the crown 7, the user canmove the
calendar disc 6 to set the date. When the user pulls the
crown7out to the second-click position, the second hand
4C stops. Then, when the user rotates the crown 7 at the
second-click position, the hour hand 4A and the minute
hand 4B move. By this means, the user can set the time.
The methods as to how to correct the position of the
calendar disc 6 and how to correct the positions of the
hour hand 4A and the minute hand 4B by winding the
crown7are the sameas thoseof timepieces according to
related art; therefore, an explanation thereof is omitted.
[0012] By rotating the crown 7 at the zeroth-click posi-
tion, theuser canwindupamainspring40 tobedescribed
later. Linked with the winding of the mainspring 40, the
power reserve indicator 5 moves.

Schematic Configuration of Electronically Controlled
Mechanical Timepiece

[0013] FIG. 2 is a block diagram that illustrates a sche-
matic configuration of the electronically controlled me-
chanical timepiece 1.
[0014] As illustrated in FIG. 2, the electronically con-
trolled mechanical timepiece 1 includes a control inte-
grated circuit (IC) 10, which is an example of a controller,
a mainspring 40, which is an example of a mechanical
energy source, a gear train 50, which is an example of an
energy transmission device configured to transmit a tor-
queof themainspring40, hands4,which is coupled to the
gear train 50 and tells time, a speed governor 60, which
controls a rotation cycle of the gear train 50, a quartz
oscillator 80, and a battery 31.
[0015] The control IC 10 includes an oscillation circuit
11, a frequency division circuit 12, a rotation detection
circuit 13, and a speed governing control circuit 14. The
rotation detection circuit 13 is an example of a rotation
detector configured to detect the rotation of the gear train
50. The rotation detection circuit 13 includes an induced
voltage detection circuit 131 and a rotation cycle detec-
tion circuit 132. The speed governing control circuit 14 is
an example of a speed governing controller configured to
control the speed governor 60.
[0016] Themainspring 40 is wound up bymeans of the
crown 7 via a winding-up gear train that is not illustrated.

[0017] The gear train 50 is comprised of a plurality of
gears configured to be rotated by a mechanical energy
stored in the mainspring 40. The gear train 50 operates
the hour hand 4A, the minute hand 4B, and the second
hand 4C, which are mounted on the shaft of these gears.
The gear train 50 is a speed-increasing gear train con-
figured to transmit the rotation of a barrel by the main-
spring 40 with an increase in speed, similarly to that of an
ordinary mechanical timepiece.
[0018] The speed governor 60 includes a rotor 61, in
which a magnet is built, and a coil 62, which is wound
around a stator. The rotor 61 is coupled to the gear train
50 because a pinion formed integrally therewith is in
mesh with the gear train 50. Linked with the rotation of
the gear train 50, the rotor 61 rotates. Therefore, by
measuring the cycle of the rotor 61 of the speed governor
60, it is possible to determine whether the gear train 50 is
moving or not. Moreover, by controlling the time of apply-
ing a short-circuit brake to the rotor 61 by short-circuiting
the coil 62 and thereby adjusting the rotation speed of the
rotor 61, it is possible to govern the speedof thegear train
50.
[0019] Though not illustrated, a winding-up gear train
configured to wind up the mainspring 40 and a power
reserve gear train interlocked with the gear train 50 are
provided. The power reserve indicator 5 is mounted on
the power reserve gear train.
[0020] The battery 31 is a replaceable button-type
primary battery or the like for use in a wristwatch. The
battery 31 supplies power to the control IC 10.
[0021] Next, with reference to FIG. 3, the configuration
of the oscillation circuit 11 will now be described.
[0022] Theoscillation circuit 11 is a circuit configured to
oscillate the quartz oscillator 80. The oscillation circuit 11
includes an oscillation inverter 111 that is a CMOS (Com-
plementary Metal Oxide Semiconductor) circuit, a feed-
back resistor 112, a gate capacitor 113 coupled to the
gate of the oscillation inverter 111, a drain capacitor 114
coupled to the drain of the oscillation inverter 111, an N-
channel transistor 115, and an AND gate 116.
[0023] The oscillation inverter 111 is coupled to power
supply terminals VDD and VSS of a power supply circuit
coupled to the battery 31. The oscillation inverter 111 is
coupled to the power supply terminal VSS via the N-
channel transistor 115.
[0024] A signal outputted from the rotation detection
circuit 13 is inputted to the gate of the N-channel tran-
sistor 115. By this means, the N-channel transistor 115
behaves as an ON/OFF switch for connection/discon-
nection between the oscillation inverter 111 and the
power supply terminal VSS.
[0025] As illustrated in FIG. 2, the rotation detection
circuit 13 includes the induced voltage detection circuit
131 and the rotation cycle detection circuit 132. The
induced voltage detection circuit 131 is a circuit config-
ured to detect an induced voltage generated at the coil 62
of the speed governor 60 and configured to determine
whether or not the detected induced voltage is less than
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or equal to a rotation determination voltage that has been
set in advance. The induced voltage detection circuit 131
compares the detected induced voltage with the rotation
determination voltage. When the detected induced vol-
tage is greater than the rotation determination voltage,
the induced voltage detection circuit 131 determines that
the gear train 50 is rotating. In this case, the induced
voltage detection circuit 131 outputs a High signal to the
gate of the N-channel transistor 115. When the detected
induced voltage is less than or equal to the rotation
determination voltage, the induced voltage detection
circuit 131 determines that the gear train 50 is not rotat-
ing. In this case, the induced voltage detection circuit 131
outputs a Low signal to the gate of the N-channel tran-
sistor 115.
[0026] The rotation cycle detection circuit 132 includes
a non-illustrated waveform shaping circuit and a non-
illustrated mono multivibrator that are coupled to the
speed governor 60. The rotation cycle detection circuit
132 shapes the waveform of the induced voltage de-
tected by the induced voltage detection circuit 131,
and outputs a rotation detection signal FG1, which in-
dicates the rotation frequency (rotation cycle) of the rotor
61 of the speed governor 60, to the speed governing
control circuit 14. When the measured rotation cycle is
shorter than or equal to a rotation determination time, the
rotation cycle detection circuit 132 determines that the
gear train 50 is rotating. In this case, the rotation cycle
detection circuit 132 outputs a High signal to the gate of
the N-channel transistor 115. When the measured rota-
tion cycle is longer than the rotation determination time,
the rotation cycle detection circuit 132 determines that
the gear train 50 is not rotating. In this case, the rotation
cycle detection circuit 132 outputs a Low signal to the
gate of the N-channel transistor 115.
[0027] The High signal outputted from the induced
voltage detection circuit 131 and the rotation cycle detec-
tion circuit 132 is an example of a rotation determination
signal indicating that thegear train 50 is rotating. TheLow
signal outputted from the induced voltage detection cir-
cuit 131 and the rotation cycle detection circuit 132 is an
example of a rotation determination signal indicating that
the gear train 50 is not rotating.
[0028] TheN-channel transistor 115 switches onwhen
a High signal is inputted to its gate. As a result of this
switchingon, apowerpath to theoscillation inverter 111 is
established, and the oscillation circuit 11 operates. On
the other hand, the N-channel transistor 115 switches off
whena Lowsignal is inputted to its gate. As a result of this
switchingoff, the power path to theoscillation inverter 111
is shut off, and the power supply stops. Therefore, the
oscillation circuit 11 stops operating.
[0029] An output signal of the oscillation inverter 111
and a signal coming from the rotation detection circuit 13
are inputted into theANDgate116.Anoutput signal of the
AND gate 116 is inputted into the frequency division
circuit 12.
[0030] While a Lowsignal is outputted from the rotation

detection circuit 13, the output of the oscillation inverter
111 is indefinite; however, since the Low signal coming
from the rotation detection circuit 13 is inputted into the
AND gate 116, to which the output terminal of the oscilla-
tion inverter 111 is coupled, the output of the AND gate
116 is fixed at a constant potential of Low, and it is thus
possible to prevent a short-circuiting current from flowing
to the frequencydivisioncircuit 12due toan input that is in
an indefinite state.
[0031] The oscillation circuit 11 causes the quartz os-
cillator 80, which is an oscillation signal generation
source, to oscillate. An oscillation signal (32768 Hz) of
the quartz oscillator 80 is outputted to the frequency
division circuit 12.
[0032] The frequency division circuit 12 frequency-di-
vides the oscillation signal to perform clock signal gen-
eration of a plurality of frequencies (for example, 2 kHz to
8 Hz), and outputs a required clock signal to the speed
governing control circuit 14. The clock signal outputted
from the frequency division circuit 12 to the speed gov-
erning control circuit 14 is a reference signal fs1 taken as
a reference for rotation control of the rotor 61of the speed
governor 60 as will be described later.
[0033] The speed governing control circuit 14, which is
an example of a speed governing controller configured to
control the speed governor 60, compares the rotation
detection signal FG1 outputted from the rotation cycle
detection circuit 132 of the rotation detection circuit 13
with the reference signal fs1 outputted from the fre-
quency division circuit 12, and outputs, to the speed
governor 60, a braking control signal for performing
speed governing control on the speed governor 60.
[0034] The reference signal fs1 is a signal coordinated
to a reference rotation speed (for example, 8 Hz) of the
rotor 61 during usual hand-moving operation. Therefore,
in accordance with the difference between the rotation
speed of the rotor 61 (the rotation detection signal FG1)
and the reference signal fs1, the speed governing control
circuit 14 changes the duty ratio of the braking control
signal, controls the ON time of a chopping transistor for
braking use coupled to the coil 62 of the speed governor
60 to adjust a short-circuit braking force, and thereby
controls the cycle of the rotor 61. Since the rotor 61 of the
speed governor 60 is in mesh with the gear train 50, by
controlling the cycle of the rotor 61, it is possible to adjust
the cycle of the gear train 50, that is, themoving speed of
the hands 4.
[0035] Next, with reference to FIGs. 4 to 7, speed
governing control processing performed for the gear train
50 by the control IC 10 will now be described. FIG. 4 is a
flowchart for explaining the speed governing control pro-
cessing performed by the control IC 10. This flowchart
illustrates a case where the speed governing control
processing is started from a state in which the gear train
50 is stopped.
[0036] The control IC 10 starts the speed governing
control inastate inwhich the rotationof thegear train50 is
stopped due to releasing of the mainspring 40 (step S1).
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In this control stop state of step S1, the control IC 10
outputs a Low signal from the rotation detection circuit 13
to stop the oscillation circuit 11; therefore, the frequency
division circuit 12 and the speed governing control circuit
14 are also in a stopped state. That is, the control IC 10
stops the speed governing control circuit 14, which is an
example of the speed governing controller, by stopping
the oscillation circuit 11.
[0037] In addition, in the control stop state of step S1,
since the control IC 10 stops the oscillation circuit 11, no
clock signal that is needed for rotation cycle detection is
outputted from the frequency division circuit 12; there-
fore, the rotationcycledetectioncircuit 132 is inastopped
state. On the other hand, since a clock signal is not
needed for detecting an induced voltage generated at
the coil 62, the control IC 10 renders the induced voltage
detection circuit 131 of the rotation detection circuit 13
operating.
[0038] Next, the control IC 10 compares the induced
voltage detected by the induced voltage detection circuit
131 with the rotation determination voltage to determine
whether or not rotation has been detected by means of
the induced voltage (step S2). As illustrated in FIG. 5,
when the induced voltage generated at the coil 62 of the
speed governor 60 is less than or equal to the rotation
determination voltage, the control IC 10 determines that
the rotor 61 of the speed governor 60, that is, the gear
train 50, is not rotating, determines as "not detected" in
step S2, and keeps the control stop state of step S1.
[0039] On the other hand, as illustrated in FIG. 5, at a
point in time at which the induced voltage generated at
the coil 62 of the speed governor 60 becomes greater
than the rotation determination voltage, the control IC 10
determines that the rotor 61 of the speed governor 60,
that is, the gear train 50, is rotating, determines as
"detected" in step S2, and starts the speed governing
control (step S3).
[0040] Just by monitoring the induced voltage gener-
ated at the coil 62, the induced voltage detection circuit
131 can detect whether or not the gear train 50 starts
rotating; therefore, it is possible to determine the start of
control on the speed governor 60 easily with low power.
Therefore, the induced voltage detection circuit 131 be-
haves as an example of a rotation start detector config-
ured to detect a start of rotation of the gear train 50.
[0041] When it isdetermined in stepS2 that the rotation
is detected, the control IC 10 starts speed governing
control on the gear train 50 and the speed governor 60
(step S3). That is, upon starting the speed governing
control in step S3, the control IC 10 outputs a High signal
from the rotation detection circuit 13 to the oscillation
circuit 11, activates the oscillation circuit 11, and further
activates the rotation cycle detection circuit 132. When
the speed governing control in step S3 is started, the
induced voltage detection circuit 131 stops its function as
the rotation start detector, that is, its function of compar-
ing the detected induced voltage with the rotation deter-
mination voltage and outputting the rotation determina-

tion signal. The induced voltage detection circuit 131
continues its function of detecting the induced voltage
generated at the coil 62 of the speed governor 60. In step
S3 and the subsequent steps, the rotation determination
signal is outputted from the rotation cycle detection circuit
132.
[0042] Thecontrol IC10 is in a speedgoverning control
state after the start of the speed governing control in step
S3 (step S4). In this speed governing control state, as
illustrated in FIG. 6, the rotation cycle detection circuit
132 shapes the waveform of the induced voltage of the
speed governor 60 detected by the induced voltage
detection circuit 131, outputs the waveform-shaped vol-
tage as the rotation detection signal FG1 to the speed
governing control circuit 14, and detects the cycle of this
waveform.
[0043] The speed governing control circuit 14 com-
pares the rotation detection signal FG1 outputted from
the rotation cycle detection circuit 132 with the reference
signal fs1 outputted by frequency-dividing the oscillation
signal outputted from the oscillation circuit 11 at the
frequency division circuit 12, and performs braking con-
trol on the speed governor 60 on the basis of the compar-
ison result.
[0044] Based on the rotation cycle detected by the
rotation cycle detection circuit 132, the control IC 10
determines whether or not the gear train 50 is rotating
(step S5). Specifically, when the rotation cycle detected
by the rotation cycle detection circuit 132 is shorter than a
rotation determination time T_nodet, it is determined that
the gear train 50 is rotating. When the rotation cycle
detected by the rotation cycle detection circuit 132 is
longer than or equal to the rotation determination time
T_nodet, it is determined that the gear train 50 is not
rotating. For example, in the example illustrated inFIG. 6,
from rotation cycles t1 to t4, each rotation cycle is shorter
than the rotation determination time T_nodet; therefore,
the control IC 10 determines that the gear train 50 is
rotating. Though the length of T4 is greater than the
length of each of T1 to T3, in the electronically controlled
mechanical timepiece 1, it could happen that the rotation
cycle becomes long temporarily due to the influence of
timepiece orientation or the like, and, with this taken into
consideration, the rotation determination time T_nodet is
preset to be longer to some extent than the reference
cycle of the rotor 61 of the speed governor 60; therefore,
the determination result is "rotating" for the case of T4,
too. For example,when the referencecycleof the rotor 61
of the speed governor 60 is a one-eighth of a second (= 8
Hz), the rotation determination time T_nodet is preset to
be a quarter of a second (= 4 Hz). This makes it possible
to eliminate the execution of an unnecessary control stop
when the rotation cycle becomes long temporarily.
[0045] Sinceeachof t5and t6 is longer than the rotation
determination timeT_nodet, the control IC10determines
that the gear train 50 is not rotating. At a point in time at
which the rotation cycle t5 is detected, the control IC 10
determines that the gear train 50 is not rotating because
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t5 is longer than the rotation determination time T_nodet.
Therefore, the induced voltage detection circuit 131 and
the rotation cycle detection circuit 132 behave as an
example of a rotation stop detector configured to detect
a stop of rotation of the gear train 50.
[0046] When it isdetermined in stepS5 that the rotation
is detected, the control IC 10 continues the speed gov-
erning control in step S4.
[0047] When it isdetermined in stepS5 that the rotation
is not detected, the control IC 10 returns the process to
the control stop state of step S1. In the control stop state,
the rotation detection circuit 13 outputs a Low signal to
the oscillation circuit 11 and stops the oscillation circuit 11
by turningoff theN-channel transistor 115.By thismeans,
it is possible to reduce power consumption. In addition,
the control IC 10 starts the function of the induced voltage
detection circuit 131 as the rotation start detector and
stops the rotation cycle detection circuit 132.
[0048] The casewhere the determination result in step
S5 is "not rotating" isacasewhere theoutput torqueof the
mainspring 40 has decreased. In this case, the control
stop state of step S1 continues until the mainspring 40 is
wound up again. When an induced voltage is generated
at the coil 62 due to the winding of the mainspring 40 by
the user of the electronically controlled mechanical time-
piece 1, it is determined in step S2 that rotation is de-
tected, and the processing in steps S3 to S5 is executed.

Effects of First Embodiment

[0049] According to the electronically controlled me-
chanical timepiece 1, when the rotation cycle becomes
long due to uncoiling of the mainspring 40, the control IC
10 stops the oscillation circuit 11; therefore, it is possible
to keep current consumption low. As compared with use
without stopping the oscillation circuit 11, for this reason,
it is possible to lengthen the time until the battery 31 runs
out and thus to continue using the electronically con-
trolled mechanical timepiece 1 for a long period of time.
For example, when the capacity of the battery 31 is 5
mAH and the current consumption of the control IC 10
while theoscillationcircuit 11 isoperating is40nA, it takes
approximately 14 years for the battery 31 to run out if
operation continues without stopping the oscillation cir-
cuit 11.On the other hand, the current consumptionwhile
the oscillation circuit 11 is stopped is, for example, 10 nA,
which is approximately a quarter of the current consump-
tionwhile the oscillation circuit 11 is operating. Therefore,
the current consumption decreases significantly if the
oscillation circuit 11 is stopped during a period in which
the gear train 50 is stopped because themainspring 40 is
in a released state. Accordingly, it is possible to further
lengthen the time until the battery 31 runs out and thus to
continue using the electronically controlled mechanical
timepiece 1 for a long period of time.
[0050] Moreover, since the battery 31 is used as the
power source of the control IC 10, it is possible to make
the duration time in which the hands 4 can tell the correct

time longer, as compared with a case where power is
generated by a power generator that doubles as a speed
governor driven byamainspring andwhere the control IC
10 is driven using power stored in a capacitor, as done in
an electronically controlled mechanical timepiece of re-
lated art. That is, as illustrated in FIG. 7, let V0 be a
voltage of a power storage device of related art that is a
capacitor charged by a power generator driven by a
mainspring, and let V1 be a voltage of the battery 31 that
is a power storage device according to the present em-
bodiment, and, given this definition, the voltage V0 drops
in conjunction with a decrease in the output torque of the
mainspring 40. For this reason, when the voltage V0
drops to a drive stop voltage of the control IC 10 or lower,
the control IC 10 stops, making it impossible to perform
speed governing control on the speed governor 60 and
thusmaking it impossible for thehands4 to tell the correct
time. In this case, the time till a time point T1, at which the
voltageV0drops to thedrive stop voltageof the control IC
10 or lower, is the duration time T01 of this timepiece.
[0051] On the other hand, in the present embodiment,
since the control IC10 isdrivenusing thebattery31 that is
a power storage device, even with a decrease in the
torque of the mainspring 40, it is possible to keep the
voltage V1 of the battery 31 to be greater than or equal to
the drive stop voltageof the control IC10.For this reason,
the time till a time point T2, at which the hands 4 become
no longer able to tell the correct time due to running
behind because of the decrease in the torque of the
mainspring 40, is the duration time T02 of the electro-
nically controlled mechanical timepiece 1. In the present
embodiment, since the control IC 10 is configured to be
driven using the battery 31, even during a period from the
time point T1 to the time point T2 where the torque of the
mainspring 40 has decreased, it is possible to drive the
control IC 10 by using the battery 31 and thus to tell the
correct time and offer the duration time T02 that is longer.
For example, if the duration timeT01according to related
art is approximately 72 hours, the duration time T02
according to the present embodiment is approximately
90 hours.
[0052] Furthermore, at a time point T3, at which the
mainspring40becomesuncoiledall thewayand thegear
train 50 therefore stops, the control IC 10 causes the
oscillation circuit 11 to stop so as to decrease current
consumption. This suppresses electric discharge from
the battery 31 and makes it possible to lengthen the time
until the battery 31 runs out.
[0053] Note that, in the graph showing changes in the
voltages V0 and V1 of the power storage devices in FIG.
7, the voltage changes are illustrated in an exaggerated
manner for easier understanding. The same holds true
for FIG. 10 to be described later.
[0054] The control IC 10 stops the oscillation circuit 11
and thus stops the speed governing control circuit 14,
which is an example of the speed governing controller,
when the rotation detection circuit 13 detects that the
gear train 50 is not rotating because the torque of the
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mainspring 40 has decreased. Therefore, it is possible to
make the size of themovement smaller without any need
for providing a switch between the control IC 10 and the
battery 31.
[0055] The rotation detection circuit 13, when in a
control stop state, monitors the induced voltage gener-
ated at the coil 62 by means of the induced voltage
detection circuit 131. Therefore, even when the oscilla-
tion circuit 11 and the frequency division circuit 12 are
stopped, it is possible to detect a start of rotation of the
gear train 50 and perform determination regarding the
start of rotation of the gear train 50 easily with low power.
[0056] The rotation detection circuit 13, when in a
speed governing control state, detects the rotation cycle
of the rotor 61 by means of the rotation cycle detection
circuit 132. Therefore, it is possible to detect a stop of
rotation of the gear train 50 with high precision without
being affected by a temporary disturbance.

Second Embodiment

[0057] Next, with reference to FIGs. 8 to 10, an elec-
tronically controlled mechanical timepiece 1B according
to a second embodiment will now be described. In the
electronically controlled mechanical timepiece 1B, the
same reference signs are assigned to the same compo-
nentsas thoseof theelectronically controlledmechanical
timepiece 1 according to the first embodiment, and an
explanation of the same components will not be re-
peated.
[0058] The electronically controlled mechanical time-
piece 1B is different from the electronically controlled
mechanical timepiece 1 in that it includes a power-gen-
erator-cum-speed-governor 70, which is a speed gover-
nor that doubles as a power generator driven by the gear
train 50, a rectification circuit 75, which rectifies an alter-
nating current generated by the power-generator-cum-
speed-governor 70 into a direct current, and a secondary
battery32,which storesanelectric current rectifiedby the
rectification circuit 75.
[0059] Similarly to the speed governor 60, the power-
generator-cum-speed-governor 70 includes a rotor 71,
the rotation of which is linked with the rotation of the gear
train 50, and a coil 72, which is wound around a stator.
However, since the power-generator-cum-speed-gover-
nor 70 behaves also as a power generator, the coil 72
thereof is coupled not only to the rotation detection circuit
13 and the speed governing control circuit 14 but also to
the rectification circuit 75, and, in this respect, there is a
difference from the speed governor 60 according to the
first embodiment.
[0060] The rectification circuit 75 is a boost rectifier, a
full-wave rectifier, a half-wave rectifier, a transistor rec-
tifier, etc. Any circuit can be adopted as long as it boosts
and rectifies an alternating output from the power-gen-
erator-cum-speed-governor 70 and supplies a boosted
rectified current to the secondary battery 32.
[0061] The secondary battery 32 is a rechargeable

secondary cell such as a lithium-ion battery, an all-so-
lid-state battery, or the like.
[0062] In the second embodiment, an oscillation circuit
11B illustrated in FIG. 9 is used as the oscillation circuit
11Bof the electronically controlledmechanical timepiece
1B, although the same circuit as that of the first embodi-
ment can be used.
[0063] The oscillation circuit 11B is a circuit configured
to oscillate the quartz oscillator 80. The oscillation circuit
11B includes theoscillation inverter 111,which isaCMOS
circuit, the feedback resistor 112, the gate capacitor 113
coupled to the gate of the oscillation inverter 111, the
drain capacitor 114 coupled to the drain of the oscillation
inverter 111, an N-channel transistor 115B, which cou-
ples the gate of the oscillation circuit 11B to the power
supply terminal VSS, which is a ground, and an inverter
117.
[0064] The oscillation inverter 111 is coupled to power
supply terminals VDD and VSS of a power supply circuit
coupled to the secondary battery 32.
[0065] The N-channel transistor 115B is configured
such that a signal outputted from the rotation detection
circuit 13 is inputted to its gate via the inverter 117.
[0066] When the rotation of the gear train 50 is de-
tected by the rotation detection circuit 13, a High signal is
outputted from the rotation detection circuit 13 in the
same manner as done in the first embodiment, and a
Low signal is inputted to the gate of the N-channel tran-
sistor 115B via the inverter 117 to turn off the N-channel
transistor 115B. The oscillation circuit 11B is put into a
usual oscillation state at this time.
[0067] When the rotation of the gear train 50 is not
detected by the rotation detection circuit 13, a Low signal
is outputted from the rotation detection circuit 13 in the
samemannerasdone in thefirst embodiment, andaHigh
signal is inputted to the gate of the N-channel transistor
115B via the inverter 117 to turn on the N-channel tran-
sistor 115B and pull down the gate of the oscillation
inverter 111. The oscillation circuit 11B is put into an
oscillation stop state at this time because its gate poten-
tial is fixed to VSS, which is at a constant level. Since the
gate potential of the oscillation circuit 11B is fixed, its
output potential is also fixed and it is thus possible to
prevent a short-circuiting current from flowing to the
frequency division circuit 12 due to an input that is in
an indefinite state.
[0068] The speed governing control processing per-
formed for the gear train 50 by a control IC 10B of the
electronically controlled mechanical timepiece 1B is the
same as that of the electronically controlled mechanical
timepiece1according to thefirst embodiment. Therefore,
it is not explained here.

Effects of Second Embodiment

[0069] The electronically controlled mechanical time-
piece 1B can produce the same operational effects as
thoseof the first embodiment. That is, in theelectronically
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controlled mechanical timepiece 1B, since the control IC
10B isdrivenusing thesecondarybattery32, it is possible
tomake the duration time inwhich thehands 4 can tell the
correct time longer, similarly to the first embodiment. That
is, as illustrated in FIG. 10, since the voltage V0 of a
power storage device according to related art drops in
conjunction with a decrease in the output torque of the
mainspring 40, the time till the time point T1, at which the
voltageV0drops to thedrive stop voltageof the control IC
10Bor lower, is theduration timeT01according to related
art.
[0070] On the other hand, in the present embodiment,
since the control IC 10B is driven using the secondary
battery 32, it is possible to keep the voltage V2 to be
greater than or equal to the drive stop voltage of the
control IC 10B. For this reason, the time till the time point
T2, at which the hands 4 becomeno longer able to tell the
correct time due to running behind because of the de-
crease in the torque of the mainspring 40, is the duration
timeT02of the electronically controlledmechanical time-
piece 1B. In thepresent embodiment, since the control IC
10B is configured to be driven using the secondary
battery 32, even during a time domain inwhich the torque
of themainspring 40 has decreased, it is possible to drive
the control IC 10B and thus to tell the correct time and
lengthen the duration time, similarly to the first embodi-
ment.
[0071] Moreover, while the torque of themainspring 40
is high and there is an available margin of power gen-
eration capability of the power-generator-cum-speed-
governor 70, it is possible to store an electric energy into
the secondary battery 32 via the rectification circuit 75;
therefore, as illustrated in FIG. 10, it is possible to length-
en the time until the secondary battery 32 runs out. Since
it is possible to storeanelectric energy into the secondary
battery 32 each time the mainspring 40 is wound, it is
possible to offer longer use even if the secondary battery
32 is configured to have a smaller size and a smaller
battery capacity than the battery 31. Furthermore, at the
time point T3, at which the mainspring 40 becomes
uncoiled all theway and the gear train 50 therefore stops,
the control IC 10B causes the oscillation circuit 11B to
stop so as to decrease current consumption. Therefore,
electric discharge from the secondary battery 32 is sup-
pressed, and it is possible to lengthen the time until the
battery runs out.
[0072] Since the electronically controlled mechanical
timepiece 1B includes the power-generator-cum-speed-
governor 70, the rectification circuit 75, and the second-
ary battery 32, unlike a case where a primary battery is
used, there is no need for battery replacement, and the
electronically controlledmechanical timepiece 1B canbe
used for a long period of time.

Third Embodiment

[0073] Next,with reference toFIG. 11, anelectronically
controlled mechanical timepiece 1C according to a third

embodiment will now be described. In the electronically
controlledmechanical timepiece 1C, the same reference
signs are assigned to the same components as those of
the electronically controlled mechanical timepiece 1 ac-
cording to the first embodiment, andanexplanationof the
same components will not be repeated.
[0074] A control IC 10C of the electronically controlled
mechanical timepiece 1C includes a constant voltage
circuit 15 configured to drive the oscillation circuit 11
and the frequency division circuit 12. The constant vol-
tage circuit 15 is operated or stopped in accordance with
a signal coming from the rotation detection circuit 13.
Differences from the electronically controlledmechanical
timepiece 1 lie in these points.
[0075] The constant voltage circuit 15 is a circuit con-
figured to convert the voltage of the battery 31 into a
certain regulated level of voltage (constant voltage) and
supply it. When the voltage of the battery 31 has a set
valueor greater, anoutput voltageof the constant voltage
circuit 15 is a certain regulated level of voltage Vreg
without being influenced by the battery voltage. The
set value of the output of the constant voltage circuit
15 is a discretionary design matter. Setting this value
to be greater than a stop voltage of each circuit driven by
the output of the constant voltage circuit 15, such as the
oscillation circuit 11 and the frequency division circuit 12,
will work.
[0076] When the rotation of the gear train 50 is de-
tected by the rotation detection circuit 13, the control IC
10C operates the constant voltage circuit 15. Therefore,
the oscillation circuit 11 and the frequency division circuit
12 also operate, and speed governing control by the
speedgoverningcontrol circuit 14canalsobeperformed.
[0077] On the other hand, when the rotation of the gear
train 50 is not detectedby the rotationdetection circuit 13,
the control IC 10C stops the constant voltage circuit 15.
As a result, the oscillation circuit 11 and the frequency
division circuit 12 that were operating by being driven by
the output of the constant voltage circuit 15 also stop,
making it possible to reduce current consumption. That
is, thestoppingof theconstant voltagecircuit 15stops the
oscillation circuit 11, the frequency division circuit 12, and
the speed governing control circuit 14 that was being
driven by a signal coming from the frequency division
circuit 12, thereby stopping the control on the speed
governor 60.

Effects of Third Embodiment

[0078] The electronically controlled mechanical time-
piece 1C according to the third embodiment can produce
the same operational effects as those of the first or
second embodiment. Moreover, since the electronically
controlled mechanical timepiece 1C includes the con-
stant voltage circuit 15, it is possible to keep the char-
acteristics of the control IC 10C constant without being
influenced by the battery voltage and to achieve a further
reduction in current consumption.
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Variation Examples

[0079] The scope of the present disclosure is not lim-
ited to the foregoing embodiments. Alterations, improve-
ments, and the like that can be made within a range of
attaining the purpose of the present disclosure are en-
compassed with the scope of the present disclosure.
[0080] The electronically controlled mechanical time-
piece 1, 1B, 1C according to each of the foregoing
embodiments rotates the rotor 61 of the speed governor
60 or the rotor 71 of the power-generator-cum-speed-
governor 70 by using the mechanical energy generated
from themainspring 40 and controls themoving speed of
each of the hands 4 by performing speed governing
control of the rotation speed of the rotor 61, 71. However,
this does not imply any limitation. For example, the
following electronically controlled mechanical timepiece
may be adopted: when the gear train 50 configured to
transmit the mechanical energy generated from the
mainspring 40 is speed-governed using an escape
wheel, an anchor, and a balance with hairspring, the
electronically controlled mechanical timepiece may de-
tect the vibrations of the balance with hairspring and
speed-govern the operation of the balance with hair-
spring.
[0081] In each of the foregoing embodiments, a start of
rotation of the gear train 50 is detected by the induced
voltage detection circuit 131, and a stop of rotation of the
gear train 50 is detected by the rotation cycle detection
circuit 132. However, the induced voltage detection cir-
cuit 131 may detect both the start of rotation of the gear
train 50 and the stop of rotation thereof.
[0082] The method for stopping the speed governing
control circuit 14, which is an example of the speed
governing controller, is not limited to stopping the oscilla-
tion circuit 11. The speedgoverning control circuit 14may
be stopped by shutting off a signal input to the speed
governing control circuit 14. As described here, if the
oscillation circuit 11 is operating even while the speed
governing control circuit 14 is stopped, the rotation cycle
detection circuit 132 may detect both the start of rotation
of the gear train 50 and the stop of rotation thereof.
[0083] As the condition for determining the stop of
rotation of the gear train 50, the rotation cycle detection
circuit 132 may determine that the rotation has stopped
when the detected rotation cycle becomes longer than
the set rotation determination time even just once or
when the detected rotation cycle is longer than the set
rotation determination time consecutively more than
once. Similarly, as the condition for determining the start
of rotation of the gear train 50, the rotation cycle detection
circuit 132 may determine that the rotation has started at
the point in time at which the detected rotation cycle
becomes shorter than the set rotation determination time
or when the detected rotation cycle is shorter than the set
rotation determination time consecutively more than
once.
[0084] As the condition for determining the start of

rotationof thegear train50, the inducedvoltagedetection
circuit 131 may determine that the rotation has started at
the point in time at which the detected induced voltage
becomes greater than the set rotation determination
voltage or when the detected induced voltage is greater
than the set rotation determination voltage a predeter-
mined number of times or more within a set time. As the
condition for determining the stop of rotation of the gear
train 50, the induced voltage detection circuit 131 may
determine that the rotation has stopped at the point in
timeatwhich the detected induced voltage becomes less
than or equal to the set rotation determination voltage or
when thedetected inducedvoltage is less thanorequal to
the set rotation determination voltage a predetermined
number of times or more within a set time. If, especially,
determinationprocessing isperformedmore thanonce to
determine the start of rotation or the stop thereof, it is
possible to perform more accurate determination while
eliminating a temporary influence by a disturbance.
[0085] Though the power-generator-cum-speed-gov-
ernor 70 is provided in the second embodiment, instead,
a power generator configured to generate power in con-
junction with the rotation of the gear train 50 and a speed
governor configured to speed-govern the rotation of the
gear train 50 may be provided separately from each
other. The power generator provided separately from
the speed governor is not limited to a power generator
configured to generate power in conjunction with the
rotation of the gear train 50. An electrostatic power gen-
erator using a solar panel or an electret element, a piezo-
electric power generator using a piezoelectric element, a
thermal power generator, or the like may be used.
[0086] The oscillation circuit used in the electronically
controlled mechanical timepiece 1, 1B, 1C according to
each of the foregoing embodiments may be the oscilla-
tion circuit 11 according to the first embodiment, the
oscillation circuit 11B according to the second embodi-
ment, or an oscillation circuit different from them.

Concluding Remarks

[0087] An electronically controlled mechanical time-
piece disclosed herein includes: a mainspring; a gear
train adapted to transmit a mechanical energy of the
mainspring; a hand driven by the gear train and adapted
to tell time; a speedgovernor adapted to control a rotation
cycle of the gear train; a control IC; and a battery adapted
to supply power to the control IC. The control IC includes:
a rotation detector adapted to output a rotation determi-
nation signal that is in accordance with rotation of the
gear train; and a speed governing controller adapted to
control the speed governor. When the rotation determi-
nation signal indicating that the gear train is rotating is
outputted from the rotation detector, the control IC
causes the speed governing controller to operate. When
the rotation determination signal indicating that the gear
train is not rotating is outputted from the rotation detector,
the control IC continues operation of the rotation detector
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and causes the speed governing controller to stop.
[0088] With the electronically controlled mechanical
timepiece disclosed herein, since the control IC is driven
using power supplied from the battery, it is possible to
drive the control IC stably and make the duration time
longer. Moreover, since the control IC includes a rotation
detectoradapted tooutputa rotationdeterminationsignal
that is in accordance with rotation of the gear train and a
speed governing controller adapted to control the speed
governor, and since the speed governing controller is
stopped when the rotation determination signal indicat-
ing that the gear train is not rotating is outputted from the
rotation detector, it is possible to reduce the power con-
sumption of the control IC, reduce the power supplied
from the battery, and make the time till the exhaustion of
the battery longer. Furthermore, since the speed govern-
ing controller is stoppedwhen thegear train is not rotating
due to a decrease in the torque of themainspring, there is
no need to provide a switch between the control IC and
the battery, and it is possible to make the size of a
movement smaller.
[0089] In the electronically controlledmechanical time-
piece disclosed herein, the rotation detector may be
adapted to: detect the rotation cycle of the gear train;
when the rotation cycle of the gear train is shorter than a
rotation determination time, output the rotation determi-
nation signal indicating that the gear train is rotating; and
when the rotation cycle of the gear train is longer than or
equal to the rotation determination time, output the rota-
tion determination signal indicating that the gear train is
not rotating.
[0090] With the electronically controlled mechanical
timepiece disclosed herein, since the rotation of the gear
train is determined by comparing the rotation cycle of the
gear trainwith the rotationdetermination time,evenwhen
there occurs a period in which a load increases tempora-
rily due to a disturbance or the like and the rotation cycle
thus becomes long, it is determined that the gear train is
rotating as long as this cycle is shorter than the rotation
determination time, thereby avoiding repetitions of the
stopping and starting of control by the control IC. There-
fore, by setting the rotation determination time suited for
the type of the electronically controlled mechanical time-
piece, it is possible to detect whether the gear train is
rotating or not with high precision, prevent wasteful
power consumption without a failure by not operating
the speed governing controller when the gear train is
not rotating, and suppress electric discharge from the
battery for a longer battery life.
[0091] In the electronically controlledmechanical time-
piece disclosed herein, the speed governor may include
a coil adapted to generate an induced voltage when the
gear train rotates, and the rotation detector may be
adapted to: detect the induced voltage;when the induced
voltage is greater than the rotationdetermination voltage,
output the rotation determination signal indicating that
the gear train is rotating; andwhen the induced voltage is
less than or equal to the rotation determination voltage,

output the rotation determination signal indicating that
the gear train is not rotating.
[0092] With the electronically controlled mechanical
timepiece disclosed herein, since it is determined that
the gear train is not rotating if the induced voltage gen-
erated by the coil when the gear train rotates is less than
or equal to the rotation determination voltage, and since it
is determined that the gear train is rotating if the induced
voltage generated by the coil when the gear train rotates
is greater than the rotation determination voltage, it is
possible to detect the rotation or non-rotation of the gear
train just by monitoring the induced voltage and deter-
mine whether or not to stop the control on the speed
governor easily with low power.
[0093] In the electronically controlledmechanical time-
piece disclosed herein, the speed governor may include
a coil adapted to generate an induced voltage when the
gear train rotates, the rotation detector may include: a
rotation start detector adapted to detect a start of the
rotation of the gear train; and a rotation stop detector
adapted to detect a stop of the rotation of the gear train,
the rotation start detector may be adapted to: detect the
induced voltage; when the induced voltage is greater
than the rotation determination voltage, determine that
the gear train has started rotating and output the rotation
determination signal indicating that the gear train is rotat-
ing; andwhen the induced voltage is less than or equal to
the rotation determination voltage, determine that the
gear train is not rotating and output the rotation determi-
nation signal indicating that the gear train is not rotating,
the rotation stop detector may be adapted to: detect the
rotation cycle of the gear train; when the rotation cycle of
the gear train is shorter than a rotation determination
time, determine that the gear train is rotating and output
the rotation determination signal indicating that the gear
train is rotating; and when the rotation cycle of the gear
train is longer than or equal to the rotation determination
time, determine that the gear train has stopped rotating
and output the rotation determination signal indicating
that the gear train is not rotating, the rotation start de-
tector may be operated either at a time of a start of
operation of the control IC or when the rotation stop
detector determines that the gear train has stopped
rotating, and the rotation stop detector may be operated
when the rotation start detector determines that the gear
train has started rotating.
[0094] With the electronically controlled mechanical
timepiece disclosed herein, since the rotation start de-
tector adapted to detect a start of the rotation of the gear
train detects the start of the rotation of the gear train by
comparing an induced voltage generated by the coil with
the rotation determination voltage, it is possible to detect
the rotation or non-rotation of the gear train just by
monitoring the induced voltage and determine the start
of the rotation of the gear train easily with low power even
while an oscillation circuit and a frequency division circuit
are stopped. Moreover, the rotation stop detector
adapted to detect a stop of the rotation of the gear train
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detects the stop of the rotation of the gear train by
comparing the rotation cycle of the gear train with the
rotation determination time, it is possible to detect the
stop of rotation of the gear train with high precision with-
out being affected by a temporary disturbance.
[0095] In the electronically controlledmechanical time-
piece disclosed herein, the control IC may include an
oscillation circuit adapted to generate a signal inputted
into the speed governing controller, and the speed gov-
erning controller may be stopped by stopping the oscilla-
tion circuit.
[0096] With the electronically controlled mechanical
timepiece disclosed herein, by stopping the oscillation
circuit, it is possible tostop thespeedgoverningcontroller
because a clock signal and the like outputted from the
oscillation circuit are not inputted into the speed govern-
ing controller. Since the power consumption of the oscil-
lation circuit is large among circuits that make up the
control IC, stopping the oscillation circuit produces a
great effect in reducing current consumption, and it is
possible to lengthen the time until the battery runs out.
[0097] In the electronically controlledmechanical time-
piece disclosed herein, the oscillation circuit may be a
CMOS circuit, and when the oscillation circuit is stopped,
power supply to the oscillation circuit may be stopped,
and an output signal from the oscillation circuit may be
fixed at a constant potential.
[0098] With the electronically controlled mechanical
timepiece disclosed herein, when the oscillation circuit
is stopped by stopping power supply to the oscillation
circuit, an output signal from the oscillation circuit is fixed
at a constant potential; therefore, it is possible to elim-
inate variations in the output signal of the oscillation
circuit that becomes unstable due to the stopping of
the oscillation circuit and prevent a short-circuiting cur-
rent from flowing to a CMOS circuit provided in the
frequency division circuit located downstream of the
oscillation circuit.
[0099] In the electronically controlledmechanical time-
piece disclosed herein, the oscillation circuit may be a
CMOS circuit, and when the oscillation circuit is stopped,
a gate terminal of the CMOS circuit may be fixed at a
constant potential.
[0100] With the electronically controlled mechanical
timepiece disclosed herein, when the gate terminal of
theoscillationcircuit configuredasaCMOScircuit is fixed
at a constant potential to stop oscillation, it is possible to
fix an output from a drain terminal that is the output of the
oscillation circuit; accordingly, it is possible to eliminate
variations in the output signal of the oscillation circuit that
becomes unstable due to the stopping of the oscillation
circuit and prevent a short-circuiting current from flowing
to a CMOS circuit provided in the frequency division
circuit located downstream of the oscillation circuit.
[0101] In the electronically controlledmechanical time-
piece disclosed herein, the control IC may include a
constant voltage circuit adapted to output a constant
voltage to the oscillation circuit, and when the oscillation

circuit is stopped, the constant voltage circuit may be
stopped.
[0102] With the electronically controlled mechanical
timepiece disclosed herein, it is possible to drive the
oscillation circuit by means of a constant voltage out-
putted from the constant voltage circuit, and it is possible
to output the constant voltage from the constant voltage
circuit even when the voltage of the battery from which
power is supplied to the control IC is high. Driving the
oscillation circuit by using the constant voltage makes it
possible to prevent an increase in current consumption
even when the voltage of the battery is high. Moreover,
driving theoscillation circuit byusing the constant voltage
makes it possible to reduce variations caused by the
voltage of the output signal. Therefore, it is possible to
achieve low current consumption and high precision in
the electronically controlled mechanical timepiece and
lengthen the time until the battery runs out.
[0103] The electronically controlled mechanical time-
piece disclosed herein may further include a power gen-
erator adapted to convert the mechanical energy of the
mainspring into an electric energy, wherein the battery
may be a secondary battery adapted to store the electric
energy generated by the power generator.
[0104] Since the electronically controlled mechanical
timepiece disclosed herein includes the secondary bat-
tery and the power generator, when there is an available
margin in the mechanical energy of the mainspring, it is
possible to convert the mechanical energy of the main-
spring into an electric energy and store the electric en-
ergy into the secondary battery, thereby making the time
till the exhaustion of the secondary battery longer.

Claims

1. An electronically controlled mechanical timepiece,
comprising:

a mainspring;
a gear train adapted to transmit a mechanical
energy of the mainspring;
a hand driven by the gear train and adapted to
tell time;
a speed governor adapted to control a rotation
cycle of the gear train;
a control IC; and
a battery adapted to supply power to the control
IC, wherein
the control IC includes:

a rotation detector adapted to output a rota-
tion determination signal that is in accor-
dance with rotation of the gear train; and
a speed governing controller adapted to
control the speed governor,

when the rotation determination signal indicat-
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ing that thegear train is rotating isoutputted from
the rotation detector, the control IC causes the
speed governing controller to operate, and
when the rotation determination signal indicat-
ing that the gear train is not rotating is outputted
from the rotation detector, the control IC con-
tinues operation of the rotation detector and
causes the speed governing controller to stop.

2. The electronically controlled mechanical timepiece
according to claim 1, wherein the rotation detector is
adapted to:

detect the rotation cycle of the gear train;
when the rotation cycle of the gear train is short-
er than a rotation determination time, output the
rotation determination signal indicating that the
gear train is rotating; and
when the rotation cycle of the gear train is longer
than or equal to the rotation determination time,
output the rotation determination signal indicat-
ing that the gear train is not rotating.

3. The electronically controlled mechanical timepiece
according to claim 1, wherein the speed governor
includes a coil adapted to generate an induced vol-
tage when the gear train rotates, and
the rotation detector is adapted to:

detect the induced voltage;
when the induced voltage is greater than the
rotation determination voltage, output the rota-
tion determination signal indicating that the gear
train is rotating; and
when the induced voltage is less than or equal to
the rotation determination voltage, output the
rotation determination signal indicating that
the gear train is not rotating.

4. The electronically controlled mechanical timepiece
according to claim 1, wherein the speed governor
includes a coil adapted to generate an induced vol-
tage when the gear train rotates,

the rotation detector includes:

a rotation start detector adapted to detect a
start of the rotation of the gear train; and
a rotation stop detector adapted to detect a
stop of the rotation of the gear train, the
rotation start detector is adapted to:

detect the induced voltage;
when the induced voltage is greater
than the rotationdetermination voltage,
determine that the gear train has
started rotating and output the rotation
determination signal indicating that the

gear train is rotating; and
when the inducedvoltage is less thanor
equal to the rotation determination vol-
tage, determine that thegear train is not
rotating and output the rotation deter-
mination signal indicating that the gear
train is not rotating,

the rotation stop detector is adapted to:

detect the rotation cycle of the gear train;
when the rotation cycle of the gear train is
shorter than a rotation determination time,
determine that the gear train is rotating and
output the rotation determination signal in-
dicating that the gear train is rotating; and
when the rotation cycle of the gear train is
longer than or equal to the rotation determi-
nation time, determine that the gear train
has stopped rotating and output the rotation
determination signal indicating that thegear
train is not rotating,

the rotation start detector is operated either at a
time of a start of operation of the control IC or
when the rotation stop detector determines that
the gear train has stopped rotating, and
the rotation stop detector is operated when the
rotation start detector determines that the gear
train has started rotating.

5. The electronically controlled mechanical timepiece
according to claim 1, wherein

the control IC includes an oscillation circuit
adapted to generate a signal inputted into the
speed governing controller, and
the speed governing controller is stopped by
stopping the oscillation circuit.

6. The electronically controlled mechanical timepiece
according to claim 5, wherein

the oscillation circuit is a CMOS circuit, and
when the oscillation circuit is stopped, power
supply to the oscillation circuit is stopped, and
an output signal from the oscillation circuit is
fixed at a constant potential.

7. The electronically controlled mechanical timepiece
according to claim 5, wherein

the oscillation circuit is a CMOS circuit, and
when the oscillation circuit is stopped, a gate
terminal of the CMOS circuit is fixed at a con-
stant potential.

8. The electronically controlled mechanical timepiece
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according to claim 5, wherein

the control IC includes a constant voltage circuit
adapted to output a constant voltage to the
oscillation circuit, and
when the oscillation circuit is stopped, the con-
stant voltage circuit is stopped.

9. The electronically controlled mechanical timepiece
according to claim 1, further comprising:

a power generator adapted to convert the me-
chanical energy of the mainspring into an elec-
tric energy, wherein
the battery is a secondary battery adapted to
store theelectric energygenerated by thepower
generator.

5

10

15

20

25

30

35

40

45

50

55



14

EP 4 513 278 A1



15

EP 4 513 278 A1



16

EP 4 513 278 A1



17

EP 4 513 278 A1



18

EP 4 513 278 A1



19

EP 4 513 278 A1



20

EP 4 513 278 A1



21

EP 4 513 278 A1



22

EP 4 513 278 A1



23

EP 4 513 278 A1



24

EP 4 513 278 A1



25

EP 4 513 278 A1

5

10

15

20

25

30

35

40

45

50

55



26

EP 4 513 278 A1

5

10

15

20

25

30

35

40

45

50

55



27

EP 4 513 278 A1

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 11052077 A [0002] [0003]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

