09P00106SG STEPPI NG MOTOR CONTROL CI RCU T AND ANALOGUE ELECTRONI C

TI MEPI ECE BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relates to a stepping notor control <circuit and an anal ogue

el ectronic tinmepiece using the stepping notor control cigeiot.osdc
Description of the Related Art In the related art, a stepping notor
including a stator having a rotor storage hole and a positioning device
which determ nes the stop position of the rotor, a rotor disposed in the
rotor storage hole, and a coil, and being configured to rotate the rotor by

suppl yi ngsempafter notoRIcoNgRBL tortheT o@D ANeI@eNs alis@Errmanetic flux in
the stator and stop the rotor at a position corresponding to the

posi tionipgveeyE€e 1S used in an anal ogue el ectronic tinepiece or the |ike.
As a control systemof the stepping notor, a correction drive system

configured to detect whether the stepping notor is rotated or not when the
stepping notor is driven with a main drive pulse, by detecting a detection

signal on the basis of i volt in the stepping notor
and, dependi ng on mhethgggéggﬁgﬁgPh@gs?ggp?ﬁgﬁﬁgk§g is rotated, changing
the main drive Eulse to a_main drive pulse having a different pulse width
for drivihg, F8fLRoPht FR {R¥S8LdEPi ng 1 09PO0106SG

The present invention relates to a steppingmotor control
circuit and an analogue electronic timepiece using the stepping
motor control circuit.

2. Description of the Related Art

In the related art, a stepping motor including a stator
having a rotor storage hole and a positioning device which
determines the stop position of the rotor, a rotor disposed
in the rotor storage hole, and a coil, and being configured
to rotate the rotor by supplying an alternating signal to the
coil to generate a magnetic flux in the stator and stop the
rotor at a position corresponding to the positioning device
is used in an analogue electronic timepiece or the like.

As a control system of the stepping motor, a correction
drive system configured to detect whether the stepping motocr
is rotated or not when the stepping motor is driven with a main
drive pulse, by detecting a detection signal on the basis of
an induced voltage generated in the stepping motor and,
depending on whether or not the stepping motor is rctated,
changing the main drive pulse to a main drive pulse having a

different pulse width for driving, or rotating the stepping



notor forcedly by a corrective drive pulse having a |larger pulse wdth than
the main drive pulse is used (for exanple, see Patent Docunent
JP-B-61-15385). According to Patent Docunent JP-A-57-17884, a drive control
of the stepping notor is perfornmed in tw segnents of thepondesed vol t age,
and in one of these two segnents (a segnent in earlier tine) , control to
nove the rank of the pulse dowmward is perfornmed for a detected voltage
according to the two pulse states. In the |ater segnent, determ nation of
the rotation of the rotor is performed. The pul se-down is perfornmed when

the earl i@t prksecesl yl 9Warcd fadct hee detieet gdl yoht:agepad dhed ptiesepul se is
hi gher than the detected voltage. Al so, the pulse detection tine for the

pul se- dowp; £ANthah {i5e ¢RAROSH: LEPHIA ¥ 504 Nebtdeah9Rd, st batipes are
detected and sensed at regular intervals. According to Patent Docunent

VWZOO5/1%§§;ﬂneﬁ@§fP-Q§%f955§?5 he rotation of the stepping notor, a unit
for conparing and discrimnating a detected tinme and a reference tine in

addition to the detection_of the detection signal i rQvi ded and, if the
det ection signal“§¥ %ﬁ%rt?hgﬁgféﬁnéhﬁﬁ%ﬁﬂfngg'bészéﬁgg4Uhf%sﬁ5986voltage
Vconmp after having rotated the stepping notor with a main drive pul se P11,
a correctIVer ¥t idfe tHE §ESPPIPY BAEROL I 2P UL HGRAIM FWNXESHTEEES P for the

next time is changed to a main drive pulse P12 having a large ener%y t han
t he main e vadpgeseveitager and ¥nmye Wiehe e GYPOPaPBSEEs (a segmen

in earlier time), control tomove the rank of the pulse downward
is performed for a detected voltage according to the two pulse
states. In the later segment, determination of the rotation
of the rotor is performed.

The pulse-down is performed when the earlier pulse is
lower than the detected voltage and the later pulse is higher
than the detected voltage. Also, the pulse detection time for
the pulse-down control is changed regularly, so that the load
variations are detected and sensed at regular intervals.

According to Patent Document W02005/119377, when
detecting the rotation of the stepping motor, a unit for
comparing and discriminating a detected time and a reference
time in addition to the detection of the detection signal is
provided and, if the detection signal 1is lower than a
predetermined reference threshold voltage Vcomp after having
rotated the stepping motor with a main drive pulse P11, a
corrective drive pulse P2 is outputted and a main drive pulse
Pl for the next time is changed to a main drive pulse P12 having

a large energy than the main drive pulse P11 for driving. When



the detection tinme when rotating the rotor with the main drive pulse P12 is
earlier than the reference tine, the main drive pulse P12 is changed to the
main drive pulse P11, and the rotation is made with the main drive pulse P1
according to a load during the drive, so that the currepnBprgonsgsgti on is
reduced. However, when the eccentricity of the rotor or the displacenent
between the center of rotation of the rotor and the center of the stator
hole is significant due to the variations in nmass production, one of detent
torques (torques to naintain the rotor at the initial position) for the

rotor pdred ideites taem espenchag o aidd tsle tetoirnal t ©dHe anadnadseecend
termnal OUT2 of a drive coil becones high and the other one becones |ow.

Ther ef or gyuide Wresenteadnvient ikeRs kheot herpresent timByeRhieonaidi gekosed in
Pat ent Docunents nenti oned above have such a problemthat the rank of the

drive pulse fayppe %V%gaﬁg;%\ﬁn% 4O A Eﬂgi%' S Gy £aUSES %g@

non-rotating state, an ce the delay m ght be resulted when t

erroneous_ _determnation i s .qccurred,. er.e t functi s.th i mepi ece
s (el rEES NGRS Lo BTy A B T B Sge Mnaucaa tathgent {he

det ection, se nts general]y tends to cause a delay in tine of generation
of the detRRE|GRTEPEnAPeWRA Mo TRsErIEd R Vo T ENactTy® 1EPT Latoad.

Dependi ng on the variations in parts or 3 09P00106SG
reduced.

However, when the eccentricity of the rotor or the
displacement between the center of rotation of the rotor and
the center of the stator hole is significant due to the
variations in mass production, one of detent torques (torques
to maintain the rotor at the initial position} for the rotor
polarities corresponding to an first terminal OUT1 and a second
terminal OUT2 of a drive coil becomes high and the other one
becomes low.

Therefore, the present inventions in the present
inventions disclosed in Patent Documents mentioned above have
such a problem that the rank of the drive pulse may be moved
downward to a drive pulse which causes the non-rotating state,
and hence the delay might be resulted when the erroneous
determination 1s occurred, whereby the function as the
timepiece is impaired.

More specifically, the induced voltage induced between
the detection segments generally tends to cause a delay in time
of generation of the detection signal when the reserved drive

capacity is reduced. Depending on the variations in parts or



the fluctuations in | oad, even though the reserved drive capacity of one of
the polarities is reduced, the output reserved drive capacity remains in
the other polarity, which mght cause a difficulty in discrimnation from
the drive with a reserved capacity. In this case, it isodepermazed to be
the drive with a reserved capacity, and the main drive pulse is changed to
a min drive pulse having snaller drive energy. However, there mght be a
case in which the output in one of the polarities has no reserved capacity
with this changed main drive pulse, and hence the rotation m ght be
di sabl ed.t#¥ s@lutRubReog@r ract Lygadr ewensysiemh nthbe redatesd attivesi nce
the drive is perfornmed with the main drive pulse having a m ninum ener gy,
there is such- g probl @Rd hat the HRIQIriitSieHr PN IRt hendoBuEgLat i on
state with the mninmnumdrive pulse after having noved downward in rank and,
if the er 0 ' ' [ tect:i o f t [ ccyrr at this
FONepUSy Sl el I’Ea{t‘gza}d&g% r{lehnga%frﬁsc 3rOR QT ALY FBTakitg, HhEed

time, the delay is res unction as the tinepiece is inpaired.

According to the electropnic tipepiece disclosed in_._Patent cumen
Ip B o st SRR St AP it SGar s fifen By THeRertT 5 e “polati ng
stat of the stegﬁégggnntor ina plurality of detection segnents (first

segment ahd-$et @89AEHEY . The deternmination of the rotation is achieved

by detecting the rotating state by the detection signal generated 4
09P00106SG In this case, it is determined to be the drive with a

reserved capacity, and the main drive pulse is changed to a
main drive pulse having smaller drive energy. However, there
might be a case in which the output in one of the polarities
has no reserved capacity with this changed main drive pulse,
and hence the rotation might be disabled.

Also, in the corrective drive system in the related art,
since the drive i1s performed with the main drive pulse having
a minimum energy, there is such a problem that the rotor is
brought into the non-rotation state with the minimum drive
pulse after having moved downward in rank and, if the erroneous
determination in detection of rotation is occurred at this time,
the delay is resulted and the function as the timepiece is
impaired.

According to the electronic timepiece disclosed in
Patent Document JP-B-8-33457, the rotating state is determined
by detecting the rotating stat of the stepping motor in a
plurality of detection segments (first segment and second
segment)}. The determination of the rotation is achieved by

detecting the rotating state by the detection signal generated



when being driven with the drive pulse, and the first segnent 1is a segnent
for detecting the rotating state by the detection signal of one of the
polarities, and the second segnent is a segnment for detecting the rotating
state by the detection signal of the other polarity on tthedmasiesmf the
result of determnation in the first segnent. In this manner, since the
detection is nmade in only one segnent with each polarity, there is such a
probl emthat the accuracy of determnation is low, and there is a risk of
noving the rank of the main drive pulse erroneously downward to a main

drive pulggeRayd gy amciantiialh the §ause phEs&PEi@taid Fd rsttakegmdhso, since
the detection is made with one drive pulse for each polarity, there is such

a probl em t hatyhe ndet st mdad i oM §f HN@ ok akahiy08t hBeGOyRIHLALed cr jand the
scale of the circuit is disadvantageously increased. UWARY OF THE

| NVENTI G\‘slgnﬁ 8P @bl est Qe ?@ﬂ%ﬁ%ﬁ% IINVEHOR L QR YIMeft ;RN drive

pul se from berng noved to ar aving ‘a potential to cause a non-rotating
state. Accordin o th resent inventjop, there .is proyide a st.eppi ng
rotor contPANERE SRt SERACI ) B of SERbAHeCaatongY UiE  CSAPCIAREN 1o
detect a detection signal generated by a rotation of _a stepping notor and
detect a Fb?%?ﬁnastQ eOGPertﬁ9¥ﬁQ%ﬁﬁqﬂfrﬁﬁ%wb%ﬁk%rﬂfthFogﬁﬁégﬁePfthe

detection signal exceeds a predetermi ned reference threshold voltage w thin
a 5 09P0deb8STINPEedBt &R Aheeflget exadmrnsegnienthés meRRe AN e A0l unit

detection is made in only one segment with each polarity, there
is such a problem that the accuracy of determination is low,
and there is a risk of moving the rank of the main drive pulse
erroneocusly downward to a main drive pulse having a potential
to cause the non-rotating state. Also, since the detection
is made with one drive pulse for each polarity, there is such
a problem that the determination of the rotation is complicated,

and the scale of the circuit is disadvantageously increased.

SUMMARY OF THE INVENTION

It is an object of the present invention to prevent a
main drive pulse from being moved to a rank having a potential
to cause a non-rotating state.

According to the present invention, there is provided
a steppingmotor control circuit including a rotation detecting
unit configured to detect a detection signal generated by a
rotation of a stepping motor and detect a rotating state of
the stepping motor according to whether the detection signal

exceeds a predetermined reference threshold voltage within a



configured to control the drive of the stepping notor with one of a
plurality of main drive pulses different in energy from each other or a
corrective drive pulse having a |arge energy than the respective main drive
pul se according to the result of detection by the rotatiggpogdeipgsic ng unit,
in which the detection segnent starting inmmediately after the drive with
the main drive pulse is divided into a plurality of, that is, three or nore
segnents, and the control unit controls the main drive pulse according to
the segnment in which the rotation detecting unit detects the detection

si gnal exgeedd hdrhhRedl gbeeeneent Begmbaltd otoldage. arldes debeetbonusegnent
starting imedi ately after the drive with the main drive pulse into a

plural i {ye e dakalisy cohiheE ohie £ SRATEALSs 8501 hAGOON Al BhE

controls t drive pulse according to the segnent 1 n which

rotation et ect | ni t tects t.h tectiqn  si I C i

ref erence’ ﬁ%ggﬁ%ﬂ%t§6¥fﬁﬁg@%ﬁeﬁéfvghg%&ggéc %gzeg%3§bgé %&%rgg g?gpded into
a first segnent innediateuy after the driv?_mﬁhh t.he main drive Eulse, a
second s¢ tOHETRrOT e T EC LT Y RS 15 REVd e GreAE 9CaFTEF I he
second segnent. The detection segnent nmay be divided into the first segnent
i medi at ffaafike TeRPertvee Waldl e Vit les fE€cpndidly tonébseésatlEegnent
after the first segnent, the third segnent 6 09P00106SG after the second
segment , ahddateobipth Sogrdre mdtatieohedehpeding unit, in which the

detection segment starting immediately after the drive with
the main drive pulse is divided into a plurality of, that is,
three or more segments, and the control unit controls the main
drive pulse according to the segment in which the rotation
detecting unit detects the detection signal exceeding the
reference threshold voltage.

The detection segment starting immediately after the
drive with the main drive pulse into a plurality of, that is,
three or more segments, and the control unit controls the main
drive pulse according to the segment in which the rotation
detecting unit detects the detection signal exceeding the
reference threshold voltage.

Here, the detection segment may be divided inteo a first
segment immediately after the drive with the main drive pulse,
a second segment after the first segment, and a third segment
after the second segment.

The detection segment may be divided into the first
segment immediately after the drive with the main drive pulse,

the second segment after the first segment, the third segment



segnent. According to the present invention, there is provided an anal ogue
el ectronic tinepiece having a stepping notor configured to rotate tine
hands, and a stepping notor control «circuit configured to control the
stepping notor, characterized in that any one of the abowedesydded
stepping notor control circuits as the stepping notor control circuit.
According to the notor control circuit in the present invention, prevention
of the main drive pulse frombeing noved to a rank having a potential to
cause a non-rotating state is achieved. According to an anal ogue el ectronic

circuit iarthe th¥ eeeRind BLGRENAN, aRd &V edlireh 8kghbatn®fhe drite tpulrse from
being noved to a rank having a potential to cause the non-rotating state is

achi eved, ;§gnthat the accurate clocking action is achieved. BRI EF
DESCRI PTI ON"OF THE DRAWNGS Fig. 1 is a block diagram of an anal ogue

el ectronic ti J .accordi Lment, of pres i tion;
Fig. 2 is a coggggﬁgg%ﬁgngérg&?néggﬁgﬁﬁggggbg?éggfnéhggfo%%ugggvhgﬁgﬂe
anal ogue el ectranic ti i ece accqrding to the,enbodi ment of the present
i nvent i on?nFiaél.a%é)que agfgﬁjfﬁﬁn&ﬁar - S5 BIRIRG £he® BekP oI of O TPT
09P00106SG a stepping notor control circuit and the anal ogue el ectronic

ti mepi eceCaBédPUIRY t9 TN Ehtiddiabandst RRE PrRRiIthRERHtorontrol

circuit configured to control the stepping motor,
characterized in that any one of the above-described stepping
motor control circuits as the stepping motor control circuit.

According to the motor control circuit in the present
invention, prevention of the main drive pulse from being moved
to a rank having a potential to cause a non-rotating state is
achieved.

According to an analogue electronic circuit in the
present invention, prevention of the main drive pulse from
being moved to a rank having a potential to cause the
non-rotating state is achieved, so that the accurate clocking

action is achieved.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram of an analogue electronic
timepiece according to an embodiment of the present invention;
Fig. 2 is a configuration drawing showing a stepping
motor used in the analogue electronic timepiece according to
the embodiment of the present invention;

Fig. 3 is a timing chart for explaining the action of



Fig. 4 is a determnation chart for explaining the action of the stepping
notor control circuit and the anal ogue electronic tinepiece according to

t he enbodi nent of the present invention; Fig. 5is a flowhart show ng the
action of the stepping notor control circuit and the angqagua ggctronic
ti mepi ece according to the enbodi ment of the present invention; Fig. 6 is a
fl owmchart show ng the action of the stepping notor control circuit and the
anal ogue el ectronic tinmepiece according to another enbodi nent of the
present invention; Fig. 7 is a flowhart showi ng the action of the stepping
mot or  conf ol o G { edlidodid ddie Analagus: ig! eGld @RkCahhTBBLECE 1 eBE¢BHALNT T O
still another 'enbodi nent of the present invention; Fig. 8 is a flowhart
showi ng t i t i i i nal ogue
eIectronigg??é%%?gégﬁxggg%ﬁ%?ﬁgh?%eggg?Fﬁg%g?ﬁi?hgﬁggggﬁgh?Hgfh?ﬁgﬁéresent

i nvention; Fig.

9. i im h f | ai ni h [ f.,..th
St eppi ng ot o Eoht Fof > PEQLF ARG “ERE Sl ogse STBLEFBALE 17 AGp80e

according to still another enbodi nent of the present invention; Fig. 10 is
a tining thart"¥ oPLERPIEEN RY-Phe YT of 1 7CHe tst 8PP g o BF LeGHET ol
circuit and the anal ogue el ectronic timepiece according to still another

enbodi nen¢lectrpaeipricdanies a9Po0ddeSt o theahaimgniyofihhe prgsent
determ nation chart for explaining the
invention;

Fig. 5 is a flowchart showing the action of the stepping
motor control circuit and the analogue electronic timepiece
according to the embodiment of the present invention;

Fig. 6 is a flowchart showing the action of the stepping
motor control circuit and the analogue electronic timepiece
according to another embodiment of the present invention;

Fig. 7 is a flowchart showing the acticn of the stepping
motor control circuit and the analogue electronic timepiece
according to still another embodiment of the present invention;

Fig. 8 is a flowchart showing the action of the stepping
motor control circuit and the analogue electronic timepiece
according to still another embodiment of the present invention;

Fig. 2 is a timing chart for explaining the action of
the stepping motor control circuit and the analogue electronic
timepiece according to still another embodiment of the present
invention;

Fig. 10 is a timing chart for explaining the action of
the stepping motor control ¢circuit and the analogue electronic

timepiece according to still another embodiment of the present



action of the stepping notor control circuit and the anal ogue electronic
ti mepi ece according to still another enbodi nent of the present invention;
Fig. 12 is a flowhart showi ng the action of the stepping notor control
circuit and the anal ogue electronic tinepiece according dgeriidds@not her
enbodi nent of the present invention; Fig. 13 is a flowhart show ng the
action of the stepping notor control circuit and the anal ogue el ectronic

ti mepi ece according to still another enbodi ment of the present invention;
Fig. 14 is a flowhart show ng the action of the stepping notor control
circuit apgvtheianal ogue el ectronic tinepiece according to still another

enbodi nent of the present invention; and Fig. 15 is a flowhart show ng the

action of the steppiAg irgo_tﬁ@rdéeezﬁl%ae%ﬁuaqa%d tdhe apghagHeng! e¢ld onic
ti mepi ece according to still another enbodi ment of the present “i nventi on.

DESCR! PTI 0N OF, THE RREEERRED EVBCDLVENT, Fi gy d 1.8, 2 bl ogit il agrameshowi g an
anal ogue elrectronic tineprece using a steppihg notor control circuit
according to _an enbodi nent of the present [nyention, which s a co n

bl ook i SRS PBr Cr BShEEt Fo TRALS GBLLLI Rt Pat RIRANSTY

exanpl e of an analogue el ectronic wist tinepiece. 9 09P00106SG In Fig. 1,

t he anal o§li8 BF8EEP&NiLEVENFeSiece i ncl udes an oscillation circuit 101

configured to generate a signal having a predeterm ned frequency, a
frequency divi dEigeik¥daista flowchart showing the action of the stepping

motor control circuit and the analogue electronic timepiece
according to still another embodiment of the present invention;

Fig. 13 is a flowchart showing the action of the stepping
motor control circuit and the analogue electronic timepilece
according to still another embodiment of the present invention;

Fig. 14 is a flowchart showing the action of the stepping
motor control circuit and the analogue electronic timepiece
according to still another embodiment of the present invention;
and

Fig. 15 is a flowchart showing the action of the stepping
motor control circuit and the analogue electronic timepiece

according to still another embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT
Fig. 1 is a block diagram showing an analogue electronic
timepiece using a stepping motor control circuit according to
an embodiment of the present invention, which is a common block
diagram for respective embodiments described later showing an

example of an analogue electronic wrist timepiece.



102 configured to divide the signal generated in the oscillation circuit
101 and generates a clock signal which is a reference of clocking, a
control circuit 103 configured to performcontrols such as control of
respective electronic circuit elenments which constitute e eddoni c

ti mepiece or control to change a drive pulse, a drive pul se selection
circuit 104 configured to select and output the drive pulse for rotating
the notor on the basis of a control signal fromthe control <circuit 103, a
st eppi ng notor 105 configured to be rotated by the drive pulse fromthe

drive pul se selegtiog.cilceht 38410988 anatpguaidi sphayivakt 1 18 ukw ng tinme
hands (in the exanple shown in Fig. 1, three types of hands such as a hour

hand 107, 58, 'Mﬁlst%ﬂdcli%%uiamoq $eaPNdhang 499 eﬁ@}g&@dab%itg*{%&steppi ng

notor 105 for displaying the tine, a rotation detecfion circuit

cont i our el opel e6 i dstetd on ALangl (2l o (L6408 a8s AN dyduced

signal) i ndi cating erotatin rom teppi ng notor 105 in a
predet erm ned detection se neq%, . and det ectian segnment, determ nation
i rcui t 1132confh GuPBAESd: ot et e viith Sifent GHE elt ioh Sfghal VRs
is detected fromby conparing the tinme when the rotation detection circuit
110 det ecP8CihéagéprBeEiBRUSEghRAl Ayt IfmiccR tecBeasOaK et et Hed s
reference threshold voltage Vconp and the 10 09P00106SG detected segment.
As descri bedefarencei af thlgckihodi aremnt ndle cidatwict i 1618 segridmurest tdet ecti ng
the rotating state of the stepping notor 105 is divided into three
segnent s. perform controls such as control of respective electronic

circuit elements which constitute an electronic timepiece or

control to change adrive pulse, adrive pulse selection circuit

104 configured to select and output the drive pulse for rotating

the motor on the basis of a control signal from the control

circuit 103, a stepping motor 105 configured to be rotated by

the drive pulse from the drive pulse selection circuit 104,

an analogue display unit 106 having time hands (in the example

shown in Fig. 1, three types of hands such as a hour hand 107,

aminute hand 108, and a second hand 109) rotated by the stepping

motor 105 for displaying the time, a rotation detection circuit

110 configured to detect a detection signal (also referred to

as an induced signal) VRs indicating the rotating state from

the stepping motor 105 in a predetermined detection segment,

and a detection segment defermination circuit 111 configured

to determine which segment the detection signal VRs is detected

from by comparing the time when the rotation detection circuit

110 detects the detection signal VRs which exceeds a

predetermined reference threshold voltage Vcomp and the

10



The rotation detection circuit 110 has the simlar configuration as the
rotation detecting circuit described in Patent Docunent 1, and the
reference threshold voltage Vconp is set to such a value that the rotation
detection circuit 110 detects the detection signal VRS wdmipexegeds the
predeterm ned reference threshold voltage Vconp when a rotor nakes a
constantly fast action as in the case in which the stepping notor 105 is
rotated, and the detection signal VRs does not exceed the reference

t hreshol d voltage Vconp when the rotor does not nake the constantly fast

action asgkfethBdCasgnen. MiChethe1 BEEPPA 1\ MATOf h 19 riSoddberi©f @thed. The
oscillation circuit 101 and the frequency divider «circuit 102 constitute a

signal gengtatiignUldmetid 441 adpaloahe dheplay g 106, cansk kyles a
Th n

time display unit. rotation detecti circuit 110 constitutes a

rotation Sggéﬁgb%n%Bﬁgktio%nqstggvg%%%{ghﬁgl%ﬁgéel§§%qéﬂfsdrive pul se

sel ecti on™ Ci the rotation ction circul and the

detection segnept determinatign ciycuit Ill consfifute a control, .unit. Fig.
215 a conf ! gur i orf bRy SREGFRGOR SUcKH g hdt SRoUsERC! 17 fHd o8

enbodi nent of the present invention, and is a configuration drawing of the
st eppi ng ABRELIWERER ONsag ol® Nt O LAt TIPORITEEG NG ¢l 1&sie 8 S/ Bisbdithent s
described | ater, showi ng an exanple of a stepping notor for a tinepiece

whi ch i s Behenal Pgcumedt in ame tdrealredite el G thharsisdiali gyl ldears Veomp

is set to such a value that the rotation detection circuit 110
detects the detection signal VRs which exceeds the
predetermined reference threshold voltage Vcomp when a rotor
makes a constantly fast action as in the case in which the
stepping motor 105 is rotated, and the detection signal VRs
does not exceed the reference threshold voltage Vcomp when the
rotor does not make the constantly fast action as in the case
in which the stepping motor 105 is not rotated.

The oscillation circuit 101 and the frequency divider
circuit 102 constitute a signal generating unit, and the
analogue displayunit 106 constitutes a time display unit. The
rotation detection circuit 110 constitutes a rotation
detecting unit, and the control circuit 103, the drive pulse
selection circuit 104, the rotation detection circuit 110, and
the detection segment determination circuit 111 constitute a
control unit.

Fig. 2 is a configuration drawing showing a stepping
motor used in the embodiment of the present invention, and is

a configuration drawing of the stepping motor which is common

11



In Fig. 2, the stepping notor 105 includes a stator 201 having a rotor
storage through hole 203, a rotor 202 rotatably disposed at the rotor
storage through hole 203, a magnetic core 208 joined with the stator 201,

and a coil 209 wound around the magnetic core 208. Wen gche (Sitcepal ng not or

105 is used in the anal ogue electronic tinepiece, the stator

magnetic core 208 are fixed to a base panel (not shown) by screws

201 and

shown) , and are joined to each other. The coil 209 includes a first
termnal OUT1 and a second termnal OUT 2. The rotor 202 is magnetized into

two pol ar féf e% dpediolve: cABddhimpake)desAr Phed alaitler ,( EWBwh Agtdd exefipad nent )
of notched portions (outer notches) 206 and 207 are forned on an outer

portion ofsthe 2 r f i GhiBhLer ka ]
L IRE PR R e B Bl EppRReL fyen B

opposed wth t |nte?nediary of ther

?ihE%Qﬁ
e 203.

t he

(not

Provi ded %gtgﬁﬁnﬁgggoéggpgggk%go g%e&inggﬁgng%_ZOG and 207 and the rotor

st orage throug are at urable

end

ortions 210 and 211. The saturabl e

portions 210 an 1 are nfigured so a n to b aturated in ghetism
by a nmagnetic ffﬂéljo‘?' tzhec‘%& 8?‘995’6?9 ’Bﬂgofo&ﬁ)% Jsrb(ffﬁ‘i?%oa isrjfa%!aog%&raﬁsm when
the coil 209 is excited, thereby increasing the magnetic resistance.
rotor stoPayengm sefehereraes Harevdlitred Oitnt 8 E9F Allar ot#3399/00106SG

hol e shape formed integrally with a plurality of sem circular

not ched

The

portions ¢ifapesedcitchbs)rQodr s 2G8 thraugbrit¢bn 26k, e Tppost ersi de of

t he through hol e having a circul ar contour.

208 joined with the stator 201, and a coil 209 wound around

the magnetic core 208. When the stepping motor 105 is used

in the analogue electronic timepiece, the stator 201 and the

magnetic core 208 are fixed to a base panel (not shown) by screws

{(not shown), and are Jjoined to each other. The coil 209

includes a first terminal OUT1 and a second terminal OUT 2.

The rotor 202 is magnetized into two polarities (S-pole

and N-pole). A plurality (two in this embodiment) of notched

portions (outer notches) 206 and 207 are formed on an outer

end portion of the stator 201 formed of a magnetic material

at positions opposed with the intermediary of the rotor storage

through hole 203. Provided between the respective outer

notches 206 and 207 and the rotor storage through hole 203 are

saturable portions 210 and 211.

The saturable portions 210 and 211 are configured so as

not to be saturated in magnetism by a magnetic flux of the rotor

202, and to be saturated in magnetism when the coil 209 is

excited, thereby increasing the magnetic resistance. The

rotor storage through hole 203 is configured intec a circular
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The notched portions 204 and 205 constitute a positioning device for
determ ning the stop position of the rotor 202. In the state in which the
coil 209 is not excited, the rotor 202 is stably stopped at a position
corresponding to the positioning device as shown in Fig.gshogroadder words,
at a position where an axis of magnetic poles A of the rotor 202
intersects a segnent connecting the notched portions 204 and 205
orthogonally (at an angl e-00 position) . An XY coordinate space about an
axis of rotation (center of rotation) of the rotor 202 is divided into four

quadr ant sh6{erstagladmadd Entbgrhaukt figuadanird M)ty WieBea i squaie amyve
drive pul se having one of the poles is supplied fromthe drive pul se

sel ecti onn Gt LRkt pd A1 HREWeEHn ek heot & dE nad 64 QG 2l (QUR 2.0% itdie sepi | 209

(for exanple, a ®positive pole to the first termnal OUT1 and a negative

pole to ] r t o1 .0S: i h
et ect i ont 18RI ¢ SULRE LALTR b AgBUHARInd o &1 SO QYL o,
direction indicated an, arrow_of ro ine is enerated.in.the stator
201° Aceor di mot S Rt R PEEPLoRS Y BRd D b ARt 115 S PR T Bt ¢ he
magnetic resistance is increased, then, the rotor 202 is rotated hy a 180
degrees TRVERE ¥ SQticdHIiHIT &NEdSBYP &P B YR i ENG. Totey Daut fA 13
09P00106SG action between the magnetic pole generated in the stator 201

and the nhbhfestetpoie wilathdheorer 12009 apdes Hobped stitdInPtal 294 he axi s

of magnetic poles A at an angle-81 position. The
is stably stopped at a position corresponding to the

positioning device as shown in Fig. 2, in other words, at a
position where an axis of magnetic poles A of the rotor 202
intersects a segment connecting the notched portions 204 and
205 orthogonally (at an angle-80 positiocon). An XY coordinate
space about an axis of rotation (center of rotation) of the
rotor 202 is divided into four quadrants (first quadrant I
to fourth quadrant IV).

When a square wave drive pulse having one of the poles
is supplied from the drive pulse selection circuit 104 between
the terminals OUT1 and OUT 2 of the coil 209 (for example, a
positive pole to the first terminal OUT1 and a negative pole
to the second terminal OUT2) and a current i is flowed in the
direction indicated by an arrow in Fig. 2, the magnetic flux
in the direction indicated by an arrow of a broken line is
generated in the stator 201. Accordingly, the saturable
portions 210 and 211 are saturated and the magnetic resistance
is increased, then, the rotor 202 is rotated by a 180 degrees

in the direction indicated by an arrow in Fig. 2 by a mutual

13



direction of rotation (counterclockw se direction in Fig. 2) for causing a
normal operation (a tinmepiece hand advancing operation since it is an

anal ogue el ectronic tinmepiece in this enbodinent) by rotating the stepping
motor 109 is referred to as a nornmal direction and the qppagifesghrection
(clockwise direction) is referred to as an reverse direction. Subsequently,
when a square wave drive pul se of an opposite polarity is supplied fromthe
drive pulse selection circuit 104 to the termnals OUT1 and OUT2 of the
coil 209 (the negative pole to the first termnal OUT1 and the positive

pole to theisgcoacytenmnalfdddet Whigdh argeabRosdd e Pl iddLsd nom the
drive described above) and a current is flowed in the direction opposite

fromthe gj i i ndi r i i i kGl ux in
t he di recfg%]gﬁg%%g%sqr%‘%!f?ﬁﬁ%%éfaglklrée%tg}ygﬁ ?%%i gaar%dg sfo)r%ect e ar Trs(1):\(/%li/b(%f})ua

br ok i ' ted in the stat 201. A di pol t.h t bl
por i ons 3160t 1457 b TSt pELERSP, 2 & ABrENEhe D oEIS P01 s ot ated by

a 180 degrees in the_sane djrection as descri bed . above by the nutuyal action
between THOZREAEDI GF pf o2 GLfer HEH LTFC 4 REKEr St o DO1CARY the Mgt i o pol o
of the rotor 202, and is stopped stably with the axis of nmagnetic poles A
at the af§FecOUSEHY B GPIMEL CUFITIOESG (FFrbhneReACENRarnd, adyencing
above-descri bed action is repeatedly perforned by supplying signals of
di f f er ent oppokéipni gbnc¢alittednatn rgadiogned e) ecd rohé ccbimepdecesn ttdts t he
embodiment) by rotating the stepping motor 109 is referred to
as a normal direction and the opposite direction (clockwise
direction) is referred to as an reverse direction.

Subsequently, when a sgquare wave drive pulse of an
opposite polarity is supplied from the drive pulse selection
circuit 104 to the terminals QUT1 and OUT2 of the coil 209 (the
negative pole to the first terminal QUT1 and the positive pole
to the second terminal QUT2, which are opposite polarities from
the drive described above) and a current is flowed in the
direction opposite from the direction indicated by an arrow
in Fig. 2, the magnetic flux in the direction opposite from
the direction indicated by the arrow of a broken line is
generated in the stator 201. Accordingly, the saturable
portions 210 and 211 are saturated first, then, the rotor 202
is rotated by a 180 degrees in the same direction as described
above by the mutual action between the magnetic pole generated
in the stator 201 and the magnetic pole of the rotor 202, and

is stopped stably with the axis of magnetic poles A at the

angle-80 position.
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rotor 202 is allowed to rotate continuously in the directions indicated by
arrows by 180 degrees. In this enbodinent, a plurality of main drive pul ses
P10 to PPmand a corrective drive pulse P2 having different energies from
each other as described l|ater are used as the drive pul sesoFE@BsB is a
timng chart showng a state in which the stepping notor 105 is driven with
a main drive pulse Pln of a rank n and the corrective drive pulse P2 in
this enbodinent. In Fig. 3, the rank n of the main drive pulse Pin has a
plurality of ranks froma mninumvalue O to a maxi numvalue m and the

energy of the pplbs@ | PRERASEnWAEA, | NERBaSEneetRescYalbed Nadtidihi S5
enbodi nent, the pulse wwdth of the square wave is long) . The corrective

drive pul fggéé’gtgal ! aégﬁoﬁﬂsagybﬁgw%po%ﬂﬁ;nﬁM& t Q¢ olatrg ot 1St eppi ng

not or 105 Ing applied an excessive | s configured to have energy
as | arge t i I i ul P1.. 4l th wthe
respectiv%gg??gggéﬁlgg%éfgﬁstgPﬁ?gg@%%i%ﬁéﬂbf%%r8%%%n?P80r§%1%%%93363sfies a
pul se width relation sych as, P10 < Piln < PIlm < P2. Reference sign_Vconp
designate§°5°Fe?@#éﬁ%éﬂﬁﬁ?§§h5pdr°5%¥?dﬁ%nﬁh?%%uﬁ£¥e+%ﬂﬁ§%gﬁﬁgc§gf¥§be | eve
of the detection signal VRs which corresponds to an, i nduced voltage

gener at edinds5cadpdoPy6SGramyF Meel HEciFFEeFdns B EhésSsEBRpARGeRStor? 105 as

descri bed above, in which reference sign t designates a tine at which the
det ect i onpshgRaL tYRSE awrdacdl ige tivd sesf B e fcePinragwhel eprrective drive

pulse P2 having different energies from each other as described
later are used as the drive pulses.

Fig. 3 is a timing chart showing a state in which the
stepping motor 105 is driven with a main drive pulse Pln of
a rank n and the corrective drive pulse P2 in this embodiment.

In Fig. 3, the rank n of the main drive pulse Pln has
a plurality of ranks from a minimum value 0 to a maximum value
m, and the energy of the pulse increase with increase of the
value n {(in this embodiment, the pulse width of the square wave
is long). The corrective drive pulse P2 is a large energy pulse
which is able to rotate the stepping motor 105 being applied
an excessive load, and is configured to have energy as large
as about ten times a main drive pulse P1. 1In other words, the
respective drive pulses P10, Pln, Plm, and P2 are configured
to satisfies a pulse width relation such as P10 < Pln < Plm
< P2.

Reference sign Vcomp designates a reference threshold
voltage which determines the voltage level of the detection

signal VRs which corresponds to an induced voltage generated
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vol tage Vconp is detected. A predetermined time i mediately after the drive
with the main drive pulse P1 is designated as a first segnent Ti, a
predetermned tine after the first segnent Ti is designated as a second
segnent T2, and a predetermned tine after the second segmiiokkd s
designated as a third segnent T3. In this nmanner, an entire detection
segnent T starting froma timng imediately after the drive with the main
drive pulse P1 is divided into a plurality of segnments (in this enbodi nent,
three segnents Tl to T3) . The rotating state is detected by the detection

si gnal ofp{hersan®s ol st iynknotheneespespivg msegrents Is HestIiblldso, the
| ength of the respective segnents T1 to T3 nmay be set so as to satisfy such

rel ation as,gecongd wﬁfamféfzzeﬁca;l 5§5nsggaggag}£btés Lhichdesagment 3. In

this enbodiment, a nask segnent, which is a ségnent in which the detection
I ' f h
Ve uit Rﬁh%ﬁ%gﬁé.cﬁ‘fé?fééﬁns&lsﬁ%p#c"evé@l% B8 FEEEheh R TR Sen

the detecti rotation %bstantlally enabl ed, and neans a tine point
when the Hgggﬁg?oﬂc8wpr6?apﬁgﬁc §9enabl ed after a predeternined time in a
sanpling cycle éfor exanpl e, about 0,9 nsec% iin whic a sanpling process
for the detecti®rPptdebeanibnadi igesapredia 61@9?§@f66§@e ﬁé&v@laﬂ§@d af ter
the termnation of the drive with the main drive pulse P1, or a time point
when a predetma b ddive meulse Bhiich dgsd dnirdd v al tfagétg@@@mr@dmy t he
term nation of the
a predetermined time after the first segment Tl is designated

as a second segment T2, and a predetermined time after the
second segment T2 is designated as a third segment T3. In this
manner, an entire detection segment T starting from a timing
immediately after the drive with the main drive pulse P1 is
divided into a plurality of segments (in this embodiment, three
segments Tl to T3). The rotating state is detected by the
detection signal of the same polarity in the respective
segments Tl to T3. Also, the length of the respective segments
Tl to T3 may be set so as to satisfy such relation as second
segment T2 < first segment Tl £ third segment T3. In this
embodiment, a mask segment, which is a segment in which the
detection signal VRs is not detected, is not provided.

The term "immediately after the drive with the main drive
pulse P1" means to be immediately at a time when the detection
of rotation is substantially enabled, and means a time point
when the detection of rotation is enabled after a predetermined
time in a sampling cycle {for example, about 0.9 msec) in which

a sampling process for the detection of rotation is disabled
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drive of the main drive pulse P1 by itself affects the detection of
rotati on has el apsed. Although detailed description will be given later, in
the stepping notor control circuit according to the enbodi nent of the
present invention, in an exanple of a | oaded state shown gdppRiggHsR,
assuming that P1 is an area in which the drive is perforned wth the drive
pul se, the detection signal VRs corresponding to the induced voltage
generated in an area a is detected in the first segnent Ti, the detection
signal VRs generated in an area c is detected in segnents T2 and T3 (the

signal defgstedphse§esPir setmB i fasod dArgR! Jdvase vadh ¢apamktin of the
drive energy than that detected in the third segnment T3), and the detection

si gnal V@rﬂﬁ%?@%@@. o1, a0r & 83 b g%ﬁe%%tne% e,%a%%et&ﬁnfeia $ti r@ndpsecond

segnents Ti in the opposit arity. In other words, since the

detecti on, g} oAl VRS 4.5 IASTALA DY Lhe 1 g6 A3CId AL oS, G dheycotor 202

af ter having ivep I'on Signa induced in the
first segnent Ti_|s characterized b in e ated to timng,.limted to
an area f$§h¥%cp5%§FF%H“%FFﬁ88ﬂ3 ?%éﬁf@%gigﬁg§£?%gec%ﬁﬂﬂﬁ%9e§Fgﬁﬁéﬁ5 to an
area having a certain degree of reserved drive capacity, and not being

gener at edohhBAt2hécBuhpEcréAPSed7 09P00106SG rotational force is remained

(which corresponds to the area a in Fig. 2). Wen the sufficient reserved
drive capacity Rkthenahnddiailed description will be given later, in

the stepping motor control circuit according to the embodiment
of the present invention, in an example of a loaded state shown
in Fig. 2, assuming that Pl is an area in which the drive is
performed with the drive pulse, the detection signal VRs
corresponding to the induced voltage generated in an area a
is detected in the first segment Tl, the detection signal VRs
generated in an area c is detected in segments T2 and T3 (the
signal detected in second segment T2 has a larger reserved
capacity of the drive energy than that detected in the third
segment T3), and the detection signal VRs generated in an area
b is detected across the first and second segments Tl and T2
in the opposite polarity.

In other words, since the detection signal VRs 1is
generated by the freeoscillations of the rotor 202 after having
ended the drive pulse, the detection signal VRs induced in the
first segment T1 is characterized by being generated to a timing
limited to an area from a rotation without a reserved capacity
(almost stopped) to an area having a certain degree of reserved

drive capacity, and not being generated when the sufficient
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since the drive pulse is ended in the area b, the outputted induced voltage
has an opposite phase. The height of the detection signal VRs in the first
segnent Tl is reversely proportional to the reduction of the reserved drive
capacity by the nmovenent of the rotor. Using such a properdo ddig; degree

of reserved capacity of the drive energy is determned. In view of such
characteristics, in this enbodinent, the detection segnent starting

i medi ately after the drive with the main drive pulse Pl is divided into a
plurality of, at least three, segnents, and the main drive pulse Pl is

control | efor 2e¢0hdi NPoELt NE BEARBALGI NwWALENCLR@ ekpbalisORcdeheckiren
circuit 110 detects the detection signal VRs exceeding the reference

thresholdav§ﬁtgg§_vgpqp. For exanple, when the detection signal VRs
exceeding the reference threshold voltage Vconp is generated in the first

segnent Ti, it s determ .that_the reserv k C, it IS
reduced, and thdtg,ﬁ%?ﬁ: & ng gglfg‘g%nraelsn %Y%éeglrv%f’%hégég%%gggﬁsﬂggﬁ(‘%&%’]ﬁ?’dri ve
pul se havin

a small ~energy, so that the drive pulse is _not changed to a
frive pul SEREVFRG GF&KaI PULREr 47, STACENiE EABOBFAENE: ABSSRBMACIASH g. 3,
when the detection signal VRs which exceeds the reference threshold voltage
Vconp i sindeeetleqoditadeadias ik hePppestes®fism- T hdehehceebdndhs s
09P00106SG segment T2, the main drive pulse P1 is not changed (no rank
change) (&egecBfiah) sadali RB(AR) Fheadd rishe srgmendy i Ve pal sevePseily not
changed al so when the detection signal VRs exceeding
proportional to the reduction of the reserved drive capacity
by the movement of the rotor. Using such a property, the degree
of reserved capacity of the drive energy is determined.
In view of such characteristics, in this embodiment, the
detection segment starting immediately after the drive with
the main drive pulse Pl is divided into a plurality of, at least
three, segments, and the main drive pulse Pl is controlled
according to the segment in which the rotation detection
circuit 110 detects the detection signal VRs exceeding the
reference threshold voltage Vecomp. For example, when the
detection signal VRs exceeding the reference threshold voltage
Vcomp 1s generated in the first segment Tl, it is determined
that the reserved rotation capacity e is reduced, and the drive
pulse is maintained without changing to the drive pulse having
a small energy, so that the drive pulse is not changed to a
drive pulse having a small energy.
In this embodiment, as shown in Fig. 3, when the detection

signal VRs which exceeds the reference threshold voltage Vcomp

is detected at least in the first segment Tl and the second
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the reference threshold voltage Vconp is detected in all the segnments of
first segnent T1, the second segnent T2, and the third segnent T3 (Fig. 3
(a2)) . As shown in Fig. 3 (al) and Fig. 3(a2), when the nmain drive pul se
P1 is drive energy without a reserved capacity (rotatiomowigohawsea reserved
capacity), the main drive pulse Pl is not changed and is naintai ned. Wen
the detection signal VRs exceeding the reference threshold voltage Vconp is
detected only in the first segnent T1 and the third segnent T3, the nain
drive pulse P1 is changed to a main drive pulse P1 having a | arge energy

(the ranksé eﬁ@vegl, UPheWnb DAUGr dvEVERDsW b § Benger erahpva dhibveapul se P2

(Fig. 3 (bl , and when it is detected only in the third segnent T3, the
mai n dri V@hQH éﬁ Alids 3c(r@n9%qmt @la mai g6y vgn@uth%@ mahh Ravigpalkar ge
energy (the rank Is noved up) w thout dr|V|ng with the correctlve drive

pulse P2 &fH_ n%t(gﬁgn%eg $€rn1ne tHe 5%9ec§§8h)§fgﬁéiq¢%s é&g%kdlwgen the

mai n dr|ve pu to have a T eas essary drive nergy to

rotate e not rot east ner Y. the main dri,ve pul se
changed t g f T ?%%OLQVY% t%gta gﬁ%?&ft%ﬁﬁﬁé dété@?lon
signal VRs exceedin the reference threshold voltage Vco IS detected only
in the se%%ﬂ@egéﬁn%gtf1Q§¢ %?ﬁm?@ﬁrpthlﬁhﬁtﬁﬂ%ﬁ?@?ﬁﬁQ?*HHaﬁp d a8 &PRai n
drive pulse 19 09PO0OL06SG Pl haV|ng a small energy (the rank is noved
down) (Fighigd(sggment TandEibens {a2lils- déseghednort ¥ idn Bhelsevvhdigegment T2
and the third segnment T3, the main drive pulse Pl is changed to a nmain
3(a2), when the main drive pulse Pl is drive energy without

a reserved capacity (rotation without a reserved capacity),
the main drive pulse Pl is not changed and is maintained.
When the detection signal VRs exceeding the reference
threshold voltage Vcomp is detected only in the first segment
Tl and the third segment T3, the main drive pulse Pl is changed
to a main drive pulse Pl having a large energy {the rank is
moved up) without driving with the corrective drive pulse P2
{(Fig. 3{(bl)}, and when it is detected only in the third segment
T3, the main drive pulse Pl is changed to a main drive pulse
Pl having a large energy (the rank is moved up) without driving
with the corrective drive pulse P2 (Fig. 3{b2)). As shown in
Fig. 3(bl) and Fig. 3(b2), when the main drive pulse Pl is
determined to have a least necessary drive energy to rotate
the motor (rotation with a least energy), the main drive pulse
1s changed to a main drive pulse having a large energy.
When the detection signal VRs exceeding the reference
threshold voltage Vcomp is detected only in the second segment

T2, the main drive pulse Pl is changed to a main drive pulse

19



drive pulse P1 having a small energy (the rank is nmoved down) (Fig. 3(c2)).
As shown in Fig. 3(cl) and Fig. 3 (c2) , when the main drive pulse P1 is
determ ned to have a reserved drive energy (rotation with a reserved
capacity), the main drive pulse Pl is changed to a main @ygove gudse havi ng
a small energy. Wien the detection signal VRs exceeding the reference
threshol d voltage Vconp is not detected in any of the first segnent Ti to
the third segnent T3, the drive with the corrective drive pulse P2 is
performed, then the main drive pulse Pl is changed to a nmain drive pulse P

having a bangs ;i eper &ialt ehd@nk (iLsemyeR UPhobEUddowh P3)pigandcahen it is
detected only in the first segnent Ti, it is determined not to be rotated

and the dpjye, it & he %rtre%%téd/%nqéﬂ YR PHLSEcHRdiSeqiped o1 ARG hen the
main drive pulse Pl is changed to mai n drive pulse” P1 having a | arge

ener the.rank. i d - ig. :9 | L, rt for
explg¥n§ngﬁ%%§ 5%%0%%€3¥§bFﬁ%ﬁgggé??5§§$%%%ﬁﬂgﬁﬂmg%ngﬁ5?%%52%anggﬁggd,
attern how n he tational position and rotating state of the rotor

D02 hnd SRLYBURALTE AT RV PoaBeenneRaYst Bhei SIS SRFTY | ven by

the main drive pul se P1 together. In_Fig% 9, reference sign P1 desi gnates

the main dFide 3 P02 DHPOBDEBCWIpENsELP1 Hifdl Jarss EhBws3 &ebgiEiRM ithiSwhi ch

the rotor 202 of the stepping notor 105 is rotated with the main drive
pul se Plmaanddréfer prdsesiRinsl sa der exrndigsd @ne ehaveas shewirngdt aive

energy (rotation with a reserved capacity), the main drive
pulse Pl is changed to a main drive pulse having a small energy.

When the detection signal VRs exceeding the reference
threshold voltage Vcomp is not detected in any of the first
segment Tl to the third segment T3, the drive with the
corrective drive pulse P2 is performed, then the main drive
pulse Pl is changed to a main drive pulse Pl having a large
energy (the rank is moved up) (Fig. 3(b3)), and when it is
detected only in the first segment T1l, it is determined not
to be rotated and the drive with the corrective drive pulse
P2 is performed, and then the main drive pulse Pl is changed
to a main drive pulse Pl having a large energy (the rank is
moved up) (Fig. 3(bd)).

Fig. 9 1is a timing chart for explaining the
above-described actions, and shows margins of the load, pattern
showing the rotational position and rotating state of the rotor
202, and the pulse control actions when the stepping motor 105
is driven by the main drive pulse Pl together.

In Fig. 9, reference sign Pl designates the main drive
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rotational positions of the rotor 202 due to the free oscillations after
the stop of the drive with the main drive pulse Pl. Wien the XY coordinate
space in which main poles A of the rotor 202 are positioned is divided into
a first quadrant | to a fourth quadrant |V according togolpeoratsaia on
thereof around the rotor 202 as the center (see Fig. 2), the first segnent
Ti to the third segnent T3 may be expressed as follows. In other words, in
the state of the normal load, the first segnment Ti corresponds to a segnent
for determning a state of the initial normal rotation of the rotor 202 in

the thirguosadsanind|dlsd $hewSPaCEeGhoONNdithehiehothd020a8rt De2cemt er and
a segnent for determning a state of the initial reverse rotation thereof,

the second,s idg ROLEESPONUISSt Bofar SGOFERE £RE MASLAT ALALBIpLNG St at e of
the initial reverse “rotation of the rotor 202 in the third quadrant 111,

and the i rg, seonent [3.CoiLasponds, Lo o SEENL 1oL, deLerit pingyhe

rotating state aftér e’sta of “the ini reverse rotation the rotor

202 in the third guadrant I11. th | d | oad _appl i ed
- the not Ak CBEBTA G L G n i SPCanbd oriC? ¢ AT oad 4l | E4ghen ¢ e

tinme hands are_driven is referred to as the normal, | oad. 21 09POOL06SG As
descri bed®abbibatippsyaferentle s P Wohansddya e treftdteRed ™ RFédkol d

vol t age which deternmines the voltage | evel of the induced signal (detection
signal) JRslgenBtated in the

When the XY coordinate space in which main poles A of
the rotor 202 are positioned is divided into a first guadrant
I to a fourth quadrant IV according to the rotation thereof
around the rotor 202 as the center (see Fig. 2), the first
segment Tl to the third segment T3 may be expressed as follows.

In other words, in the state of the normal load, the first
segment Tl corresponds to a segment for determining a state
of the initial normal rotation of the rotor 202 in the third
guadrant I in the space around the rotor 202 as the center and
a segment for determining a state of the initial reverse
rotation thereof, the second segment T2 corresponds to a
segment for determining the state of the initial reverse
rotation of the rotor 202 in the third quadrant Iil, and the
third segment T3 corresponds to a segment for determining the
rotating state after the state of the initial reverse rotation
of the rotor 202 in the third quadrant III. Here, the normal
load means a lcad applied in the normal operation, and in this
embodiment, the load applied when the time hands are driven

is referred to as the normal load.
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stepping notor 105, and the reference threshold voltage Vconp is set in
such a manner that the induced signal VRs exceeds the reference threshold
vol tage Vconp when the rotor 202 makes a constantly fast action such as a
case in which the stepping notor 105 is rotated, and thegppdueedssi gnal VRs
does not exceed the reference threshold voltage Vconp when the rotor 202
does not neke the constantly fast action as in the case in which the

st eppi ng notor 105 does not rotate. Assuming that Pl is an area in which the
driving is performed with the drive pulse, the detection signal

correspondi ng tgs thesd Mduced il d 24 0B8R d Bilghe vVebRd Reans dgkected in
the first segnent Ti, the i nduced signal VRs generated in the area c is

det ect ed %@f%n?% tglfe}gggqgﬁfaggé%%efsﬁhﬁd@%%%qin%% {Re %qdéag,féﬂ 18ta5e (the

signal detéc as a larger reserve I ve energy

t han bein etected in the third segment T3 t he induced .sigpal VRs
gener at edgf e %énz%ug&dgsilgn& tég%ac?ﬁoflh%l‘?ﬁl?Js?r\g%sgr?eeﬁ}erﬁ%e(grnﬁ gthe
second segnent T2 in the opposite polarity according . to the | oad state.

Al so, sineePRENE MR tHgnandvie et %ttg'b‘eoiﬁqlt%vprlé@g@s&c@‘&ti ons of

the rotor 202 after having ended the drive pulse, the induced signal VRs
i nduced i hsthet inrsechegynpanngl tRathbhactediced ByIbalnyRGeREEERE] to a
timng 22 09P00106SG Ilimted to an area froma rotation w thout a reserved
capaci ty tlhalmofrestappadleste lanvat eaghadicorge aheer thenr degr e bfrakeser ved
drive capacity, and not being generated when the sufficient

a constantly fast action such as a case in which the stepping

motor 105 is rotated, and the induced signal VRs does not exceed

the reference threshold voltage Vcomp when the rotor 202 does

not make the constantly fast action as in the case in which

the stepping motor 105 does not rotate.

Assuming that Pl is an area in which the driving is
performed with the drive pulse, the detection signal
corresponding to the induced voltage generated in the area a
is detected in the first segment T1l, the induced signal VRs
generated in the area c is detected in any of the segments T1
to T3 according to the load state (the signal detected in second
segment T2 has a larger reserved drive energy than being
detected in the third segment T3), and the induced signal VRs
generated in the area b is detected in the first segment T1
or in the second segment T2 in the opposite polarity according
to the load state. Also, since the induced signal VRs is
generated by the free oscillations of the rotor 202 after having

ended the drive pulse, the induced signal VRs induced in the

first segment Tl is characterized by being generated to a timing
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rotational force is remained. In this enbodinent, in view of such a
characteristic, the load is determ ned on the basis of the pattern of the

i nduced signal VRs detected in the first segnent Ti to the third segnent T3
to control the drive pulse. For exanple, in Fig. 9, in thsmicapegwg notor
control circuit according to this enbodi nent, the induced signal VRs
generated in the area b in the nornmal |load state is detected in the first
segnent Ti, the induced signal VRs generated in the area c is detected in
the first segnent Tl and the second segnent T2, and the induced signal VRs

gener at ed1 ghi €edthe a@f 82eaCf i dm detBehedonwi figctihid deSRgrRIY cdBacAssum ng
that a decision value in a case where the rotation detection circuit 110

detects the)hdeCab iRk oA a r@4CRedi Y 4 Bertghier @@%Ee& hieshakd kel tage
Vconp is "1", and a decision value in a case where the rotation detection

circuit a ec he L ndug¢ ] eedi.n .reference
threshold&%ngaggg%%gﬁ%'iénaoﬁ?kag%gﬁ egﬁggg%t¥558§éﬁigq%bgggggglggka
pattern whi htindi a%es the rotat.in st?te %as deci si on val ue infthe
Pirst seghhtt 81aber ST6h ValrGla it e SebBha SLYPRALS and. S 4ed Sifon val ve
inthe third se qg&%% fromthe detection segnent determ nation circuit 111

in the exdhphe of G L Fodd Sdropd SRoWRCPRMENGE 90 thF PR icoPG0106SG
the normal |oad, the control circuit 103 determ nes that the drive energy
i s excesskhelpataege efothei bndured algesérVRe despasedy)in thadfésntrol s the
pul se so as to nove the drive energy

segment Tl to the third segment T3 to control the drive pulse.

For example, in Fig. 9, in the stepping motor control
circuit according to this embodiment, the induced signal VRs
generated in the area b in the normal load state is detected
in the first segment T1l, the induced signal VRs generated in
the area ¢ is detected in the first segment T1 and the second
segment T2, and the induced signal VRs generated after the area
c 1s detected in the third segment T3.

Assuming that a decision value in a case where the
rotation detection circuit 110 detects the induced signal VRs
exceeding the reference threshold voltage Vcomp is "1", and
a decision value in a case where the rotation detection circuit
110 cannot detect the induced signal VRs exceeding the
reference threshold voltage Vcomp is "0", a pattern (0, 1, 0)
is obtained as a pattern which indicates the rotating state
(as a decision value in the first segment, a decision value
in the second segment, and a decision value in the third
segment) from the detection segment determination circuit 111

in the example of the normal load drive shown in Fig. 9. 1In
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rank of the main drive pul se P1 downward (pulse down). In a state in which a
mnimmload is increased fromthe state of the normal | oad (the state in
which the increnent of the load is mnimunm, the induced signal VRs
generated in the area a is detected in the first segmentyokpotgesd nduced
signal VRs generated in the area b is detected in the first segnent Ti and
the second segnent T2, and the induced signal generated in the area c is
detected in the second segnent T2 and the third segnent T3. In the exanple
shown in Fig. 9, the pattern (0, 1, 1) is detected, and the control circuit

103 det ervh8esotthal todrg, e rdimidn dtduia nesenere eapad thaas teescri bed
above, and controls the pulse so as to nake the pul se down of the energy

of the magp; dei ¥8ePYlSesPdxcEEGiva19 §8r%@0\("§o%é%%|ne%i‘% a skakevely the
mddle load increnment (the rotation w thout the reserved capacity) in which

the pattechobssth bndloapdcite kankol the Jmbild Y 8% hprgy |

mai nt ai ne a St e an exanplfe of a non-rotating state
Ioadincremegt gr%lation wi,ith ale h th ‘Fatternis (1,
PAn 0

e iar I 3st ener in wpi )
0, 1) and"H 5t "EHE GFiVE BNer§y of&%é‘h‘é”ai‘ﬁaﬂ nfti%% pulse  P1 is noved
up (pul se-up) ,_and a state in which the patternis (0, O, 3% and t he
rotation is not lBchiS&@d§ 1ByWRheR dt P& MHWhLPRE Hai P F$RCHALR BLE so t hat
the drive 24 09200106SG with the corrective drive pulse P2, and the
pul se-up 8Fathect ndie ndrumad golese (Pheagbaperioriech tHigy ingnemantdedi si on
chart in which the actions described

the load is minimum), the induced signal VRs generated in the

area a is detected in the first segment T1l, the induced signal

VRs generated in the area b is detected in the first segment

T1 and the seccond segment T2, and the induced signal generated

in the area c is detected in the second segment T2 and the third

segment T3. In the example shown in Fig. 9, the pattern (0,

1, 1) is detected, and the control circuit 103 determines it

to be the rotation with a reserved capacity as described above,

and controls the pulse so as to make the pulse down of the energy

of the main drive pulse Pl.

Fig. 9 also shows examples of a state of the middle load

increment (the rotation without the reserved capacity) in which

the pattern is (1, 1, 1) and the rank of the main drive pulse

ismaintained, a state of the an example of a non-rotating state

of the large load increment (rotation with a least energy) in

which the pattern is (1, 0, 1) and the rank of the drive energy

of the main drive pulse P1 is moved up (pulse-up), and a state

in which the patternis (0, 0, 0) and the rotation is not achieved

by the drive with the main drive pulse P1, so that the drive
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above are shown in a table. As shown in Fig. 4, when the detection signal
VRs exceeding the reference threshold voltage Vconp is detected only in the
second segnent T2 or only in the second segnent T2 and the third segnent T3
(when the pattern is (0, 1, 1/0)), it is determned to bhgdde geication with
a reserved capacity, in which the reserved drive energy remains, so that
the main drive pulse P1 is noved one rank downward. The decision val ue

"1/ 0" nmeans that the decision value nay be any of "1" and "0". Wen the
detection signal VRs exceeding the reference threshold voltage Vconp is

detect ed §prRl theheosegaente dbite pd3serponl ¥nhhenti pat sseapent theand the
second segnent T2 (at |least the first segnent Ti and the second segnent T2)

(when the patheifeisulle #1 14Q) phreoidness determned that the rotation
Wi thout a reserved capacity in thcﬁ there is no roomfor noving the rank

of the drive engygy down, .and he opip-drfue eyl se. RLis IeLOLained as s

wi t hout change. et’éction signa exceeding the reference

t hreshol d vol tage Vc is detected only in the first, segment. Ti and the
It SeqtRTe TaTeo RNy ith 4 nakhe rd SagRBHr TA" (bkbn A noVBATt SR | s
(2/0, 0, 1)), it is determned to be a rotation with a | east energy in

whi ch t hedgEfGeliendrigna s VR nomoims She Feharaeae e ghakd vaddase
required, so that the main drive pulse Pl is noved one rank upward w t hout
driving weamphies dsdrawetd valgr iuetipelsse®r] segment T2 or only in the

second segment T2 and the third segment T3 (when the pattern
is (0, 1, 1/0)), it is determined to be the rotation with a
reserved capacity, in which the reserved drive energy remains,
so that the main drive pulse Pl is moved one rank downward.
The decision value "1/0" means that the decision value may be
any of "1" and "0".

When the detection signal VRs exceeding the reference
threshold voltage Vcomp is detected in all the segments Tl to
T3 or only the first segment Tl and the second segment T2 (at
least the first segment Tl and the second segment T2} (when
the pattern is {1, 1, 1/0)), it is determined that the rotation
without a reserved capacity in which there is no room for moving
the rank of the drive energy down, and the main drive pulse
Pl is maintained as is without change.

When the detection signal VRs exceeding the reference
threshold voltage Vcomp is detected only in the first segment
Tl and the third segment T3, or only in the third segment T3
{when the pattern is (1/0, 0, 1)), it is determined toc be a

rotation with a least energy in which the drive energy is
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When the detection signal VRs exceeding the reference threshold voltage
Vconp is detected only in the first segnment Ti or is not detected in any
one of the segnents Tl to T3 (when the patternis (1/0, 0, 0) ) , it is
determ ned to be non-rotation, and the main drive pul se RBbgs omyed one
rank upward after having driven with the corrective drive pulse P2. Fig. 5
is a flowhart showi ng an action of the stepping notor control circuit and
t he anal ogue el ectronic tinepiece according to the enbodi ment of the
present invention, and is a flowhart mainly show ng the process of the

control ciemalibhedlfd aReEQELT AONAW LOgHiBed] 8 Eht 2handakingdrIwet he
operation of the stepping notor control circuit and the anal ogue

el ect!onl GulLaEpiese AeGadine Ledhe, BN R GReVRHESGALL kMgent i on

will be describ in detail. In Fig. I, the oscillation circuit

gener at es nge.clo ignal of a predeterm ned frequency, and the
frequencycgfgégéiggiggﬁ?? §§%§§i§?des the signal generated in the

oscillation circuit 101 to geperate.,a clo signal as a, reference of

cl ocki ng, and o@?%ﬁtgh?héeggﬁﬁl?B fhang nﬁgﬁle ERPELPE 188 TRRETERNE ol
circuit 103 counts the clock signal, perforns _26 09POOLO6SG a cl ocking
action, skbsegRaldaynkrlbagnad/sribers 8eteickes RndY 1vHe ordily sdr SeEMFMtse Pin

to zero (Step S501 in Fig. 5), then outputs a control signal to rotate the
st eppi ng Bbter iB0Bow détected in any one of the segments Tl to T3 (when

the pattern is (1/0, 0, 0)), it is determined to be non-rotation,
and themain drive pulse Pl is moved one rank upward after having
driven with the corrective drive pulse P2.

Fig. 5 is a flowchart showing an action of the stepping
motor control circult and the analogue electronic timepiece
according to the embodiment of the present invention, and is
a flowchart mainly showing the process of the control circuit
103.

Referring now to Fig. 1 to Fig. 5 and Fig. 9, the operation
of the stepping motor control circuit and the analogue
electronic timepiece according to the embodiment of the present
invention will be described in detail.

In Fig. 1, the oscillation circuit 101 generates a
reference clock signal of a predetermined freguency, and the
frequency divider circuit 102 divides the signal generated in
the oscillation circuit 101 to generate a clock signal as a
reference of clocking, and outputs the same to the control
circuit 103.

The contrel circuit 103 counts the clock signal, performs
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the main drive pul se P10 having a m ni mum pul se width (Steps

S502 and

5503). The drive pulse selection circuit 104 rotates the stepping notor 105
with the main drive pulse P10 in response to the control signal fromthe
control circuit 103. The stepping notor 105 is rotated wdpgndiegmin drive
pul se P10, and rotates the tine hands 107 to 109. Accordingly, when the
stepping notor 105 is rotated normally, the display unit 106 displays a
current tine by the tinme hands 107 to 109 as needed. The control circuit 103
determ nes whether or not the rotation detection circuit 110 detects the

det ecti ona s¢ gakinyRscoiohhesstepphagrankon 108 whibkrexceedmelshe of
predeterm ned reference threshold voltage Vconp and determ nes whet her or

not the defgchipn segrentiy ol e nat iz@wi\}rscag;; skbh def enig.nes, then

detection tinme t of the detection signal

Rs to be within™ the first segnent

Ti. Wen 5\5}%{925 2‘1‘ gro’f‘iit’}%‘i Etﬂgcatlhu‘?o qefiegld the ékggﬁﬁﬁ}jﬁﬁ%ﬁf%ﬂ 04 chhe

ref erence vol tage onp IS not detecte

Irst segnent Ti

(Step S504), whether. or ot the detection_signal VRs exceedin he

refer encet%‘ﬁrlggh%l l‘@%l‘f@g%e\}%o 9% e fe 8 &0 T £ Ss?eé’&%%hsgg#gﬁts T2 in
the sane panner as _described above (Step S505). Wien it is determ ned that
the detecfrBn §P6n§ﬁo@ﬁs 27 09P0O0L06SG exceeding the reference threshol d

voltage Vconp is not detected in the second segment T2 in process step
5505, the contrBhe nicid t PrdSedeteledhben wisdttearl tor 1At tdeators edthicon

signal VRs

stepping motor 105 with the main drive pulse P10 in response

to the control signal from the control circuit 103. The

stepping motor 105 is rotated with the main drive pulse P10,

and rotates the time hands 107 to 109. Accordingly, when the

stepping motor 105 is rotated normally, the display unit 106

displays a current time by the time hands 107 to 109 as needed.

The control circuit 103 determines whether or not the

rotation detection circuit 110 detects the detection signal

VRs of the stepping motor 105 which exceeds the predetermined

reference threshold voltage Vcomp and determines whether or

not the detection segment determination circuit 111 determines

the detection time t of the detection signal VRs to be within

the first segment Tl. When it is determined that the detection

signal VRs exceeding the reference threshold voltage Vcomp is

not detected in the first segment T1 (Step S504), whether or

not the detection signal VRs exceeding the reference threshold

voltage Vcomp is detected in the second segment T2 in the same

manner as described above (Step S505).

When it is determined that the detection signal VRs
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exceeding the reference threshold voltage Vconp is detected
segnent T3 in the sane manner as descri be above (Step 5506

) -

in the third
When it is

determ ned that the detection signal VRs exceeding the reference threshold
vol tage Vconp is not detected in the third segnent T3 (npepopaiaiscon wth
the pattern of (0, O, 0)) in the process step 5506, the control circuit 103
drives the stepping notor 105 with the corrective drive pulse P2 (Step

5507), then if the rank n of the main drive pulse Pl is not

a hi ghest rank

m the nain drive pulse P1 is noved one rank upward to a main drive pul se
PL (n+l) o g%ﬁé%%ﬁ@k@neé&m&egﬂgﬁﬁwgiﬁgﬁéhdaﬂp&Qquﬁyaé@ge%aa drive

(Steps 8508 and

Fig (b3)). Wien the rank n of the main drive pul se

PL 1S Lhe i glestecbARK sMuhlntN@oPhacess, Alap a0 0 5406, DALY Bbpgibeuit 103

a‘naln se P

b det d t d th d
The noxt GFFeart abhledser iR vheEner e o ﬁhﬁad%ed%ﬁén
changed to a main drjive pulse P10 having a m nimumenerg
achi eve a?%?%%é%vaaﬁbep%ﬁé?regaelﬁ@r%ﬁhegﬁ VQ%EﬁgPtVFgmHe%é

changes e main drive pulse P

n- a)

i
r

aving |ess

uls n-a) for
§gbe

n order to

RPREGLEAat t he

detection signal VRs 28 09P00106SG exceeding the reference threshold
vol t age \&oriph¢ sthiet@cteanenty Then fihed seagnBrnnes @soflasican bR BROF S east

energy with the pattern of (0, 0, 1)) in the process step S506, if the rank

(Step S506).

When it is determined that the detection signal VRs
exceeding the reference threshold voltage Vcomp is not detected
in the third segment T3 (non-rotation with the pattern of (0,
0, 0)) in the process step S506, the control circuit 103 drives
the stepping motor 105 with the corrective drive pulse P2 (Step
$507), then if the rank n of the main drive pulse Pl is not
a highest rank m, the main drive pulse Pl is moved one rank
upward to a main drive pulse Pl{n+l), and uses the main drive
pulse Pl{n+l) for the subsequent drive (Steps S508 and S510;
Fig. 3(b3)).

When the rank n of the main drive pulse P1 is the highest
rankm in the process step $S508, the control circuit 103 changes
the main drive pulse Pl to a main drive pulse Pl{n-a) having
less energy by a predetermined amount, and uses the main drive
pulse Pl (n-a) for the next drive (Step $5509). At this time,
the main drive pulse may be changed to a main drive pulse P10
having a minimum energy in order to achieve a significant power
saving effect.

When it is determined that the detection signal VRs
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n of the main drive pulse Pl is not the highest rank m the «control circuit
103 noves the main drive pulse P1 one rank wupward to the main drive pul se
P1 (n+l) , and uses the nain drive pulse P1(n+l) for the next drive (Steps
S511 and 5510; Fig. 3(b2)). If the rank n of the main driareouess PL is the
hi ghest rank min the process step S511, the rank cannot be changed, so
that the control circuit 103 does not change the main drive pulse Pl and
uses this main drive pulse P1 for the next drive (Step S513). Wien it is
determ ned that the detection signal VRs exceeding the reference threshold

vol tage \eprPedisngetret edfetrdntbethieshosagientadk Vaoppocessesbeped504, the
control circuit 103 determ nes whether or not the detection signal VRs

exceedi ng; 4 R d €h81eNS8ghBHESPO! &yl { 4GS WG 18adet&d 4y Wit H hgeSecond
segnent T2 in the same manner as describe above (Step 5512). Wen it is

deter i ned. Lpat, the dgtegtipn, signal . VS, exceedtnosths, rekergace L eshol d

vol tage Vconp I's not 'détette econd seg i N"process step

S512, the coptrol circyit 103 goes_to.the process.step,S506. Either one of
The. " act 1 Brit sHOR e AP E G- V3 (BRI e PR 4° Sebatire ibanrarnadnly Mgt
09P00106SG _Eerforning,the process as descri bed above, Wien it is determ ned
that the S@RBEPLORLIEFEAR 1ORs MogeSeddithdiaiie FEFEs eReeSEnFésRBfd T¢It age

Vconp i s detected
upward to the main drive pulse P1{n+l), and uses the main drive

pulse Pl{(n+l) for the next drive (Steps 8511 and S510; Fig.
3(b2)).

If the rank n of the main drive pulse Pl is the highest
rank m in the process step S511, the rank cannot be changed,
so that the control circuit 103 does not change the main drive
pulse Pl and uses this main drive pulse Pl for the next drive
(Step S$513).

When it is determined that the detection signal VRs
exceeding the reference threshold voltage Vcomp is detected
in the first segment T1 in process step $S504, the control
circuit 103 determines whether or not the detection signal VRs
exceeding the reference threshold voltage Vcomp is detected
in the second segment T2 in the same manner as describe above
(Step S512).

When it is determined that the detection signal VRs
exceeding the reference threshold voltage Vcomp is not detected
in the second segment T2 in process step S512, the control
circuit 103 goes to the process step S506. Either one of the

actions shown in Fig. 3(bl) or Fig. 3(b4) is performed by
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in the second segnent T2 (rotation without a reserved capacity wth the
pattern of (1, 1, 1/0) ) in the process step 5512, the control circuit 103
does not change the main drive pulse P1 and uses the nmain drive pulse P1
for the next drive (Step 5513; Fig. 3(al), Fig. 3(a2)). gupeantgsst, when
it is determned that the detection signal VRS exceeding the reference
threshol d voltage Vconp is detected in the second segnent T2 (the rotation
with a reserved capacity with the pattern of (0, 1, 1/0) ) in the process
step 5505, since the rank cannot be changed when the rank n of the main

drive pulserPdrhsng ER¥EptoraRk Gs HBEcEIRLPOlaHdwec Uit 103 uses this main
drive pul'se P1 for the next drive wthout changing the main drive pulse P1

(Steps S514 andwﬁé&%;@@e e alG Neh St Nt @[ d it 1 Qg@ﬁ%swﬁsep 5514,

the control circurt adds one to the nunber of tinmes N (Step 5515). Wen

embodi mort3o-ethBT e FEEPE R PERRER RO T AP rbid oo AebRs e

enbodi ment e’ran é marn-drive one rank
downward to (n-1), %Eg t he nuq@gr of tines_ghis reset toeéfro, an% t he
process i 8 retUPREGNF0SCPRE brivcdLotetafSEeb PRt e ISSPEVYS GAPIEEYY, Fig. 3
(c2) ) . In other words, when the process fromthe process step S504 to
t he procedstBtidie pEB0mrsnfs (lanh, 3515 Jaike pBRfBFAEES S 3TV EGUHO6 SBe
continuously by a plurality of times, the main drive pulse is noved one
rank downeantrolnctiheupktoteéssdetepn8slehanget hbennaber dofi v pud sN iPS

and uses the main drive pulse Pl for the next drive (Step S513;

Fig. 3(al), Fig. 3(az2)).

In contrast, when it is determined that the detection
signal VRs exceeding the reference threshold voltage Vcomp is
detected in the second segment T2 (the rotation with a reserved
capacity with the pattern of (0, 1, 1/0)} in the process step
5505, since the rank cannot be changed when the rank n of the
main drive pulse Pl is a lowest rank 0, the control circuit
103 uses this main drive pulse Pl for the next drive without
changing the main drive pulse Pl (Steps $514 and S518).

When the rank n is not zero in the process step S514,
the control circuit 103 adds one tco the number of times N (Step
S515}). When the number of times N reaches a predetermined
number (160 in this embodiment), the rank n of the main drive
pulse Pl is moved one rank downward to (n-1), and the number
of times N is reset to zero, and the process 1is returned to
the process step 5502 (Step S517; Fig. 3(cl), Fig. 3(c2)). In

other words, when the process from the process step $504 to

the process steps 8505, 85514, and 5515 are performed
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not the predeterm ned nunber of tinmes, the control circuit 103 goes
process step S518, and does not change the rank. As described thus far,
according to the stepping nmotor control circuit in this enbodinent,

possi ble to avoid

to the

it is

the rank to be noved downward to a maigmpdniivegeul se whi ch

has a potential to cause the non-rotating state. Al so, since whether or
not there is a reserved drive capacity is determ ned when rotating,

drive pulse is not changed by determ ning

capacity is reduced even when there is only a little reserved drive

capaci ty,cédheif@dksis b
whi ch has

driving
so t hat

Goterm nati on O CHEE RERCTSt At ok Tat b const er BlfiRET R SIREREN, is
el ectronic ti

t

a potential ?o cause the non- rotatlng state. Accordingly,

and t he

the fact that the reserved drive

reyanted ifthomrbei ngs oved gownearid,d @uad sd ke pul se

t he

5@eah§ng0£5ﬁgt5¥§nggkge pul se may be avoi ded as much as possi bl e,
e power saving I's enabled. Al so, there is an advantage such that

non-ro 0" consli

avin not or

SRR R RS R R trlaaescoﬁﬁﬁmr?%o

has advantages such that avoi dance of noving the rank of the main_drive

pul se dovdi@@¥ dt@ IR MAQFRIFT viE- I Ssel Swhieid

anal ogue
rotatlf the tlgﬁ&hands

not or

Sa PGt ERENgE tBE §9PGE106SG

to cause the non-rotating state is achieved, so that an accurate clocking
action is achi ehkedleddibadithes flaowe kadorshiow g &hsr 6¢eppiing andohler

control circuit in this embodiment, it is possible to avoid
the rank to be moved downward to a main drive pulse which has
a potential to cause the non-rotating state. Also, since
whether or not there is a reserved drive capacity is determined
when rotating, and the drive pulse is not changed by determining
the fact that the reserved drive capacity is reduced even when
there is only a little reserved drive capacity, the rank is
prevented from being moved downward to a drive pulse which has
a potential to cause the non-rotating state. Accordingly, the
driving with the corrective drive pulse may be avoided as much
as possible, so that the power saving is enabled. Also, there
is an advantage such that the design is released from the
constraint to take an erroneous determination of the
non-rotation into consideration.

Also, the analogue electronic timepiece having a
stepping motor for rotating the time hands and the stepping
mctor control circuit for controlling the stepping motor has
advantages such that avoidance of moving the rank of the main

drive pulse downward to a main drive pulse which has a potential
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enbodi ment of the present invention, and the sane reference nunerals are
designated to the sane conponents as in Fig. 5. Although the enbodi nent
descri bed above is configured to nove the rank downward when the rotation
is made continuously by a predeterm ned nunber of tinmespeNobnoes)s, this
anot her enbodinment is configured to nove one rank downward when the
detection signal VRs exceeding the reference threshold voltage Vconp is
detected once in the second segnment T2 in the process step S505 and the
main drive pulse P1 at that time is not the Iowest rank O (the process

steps S5Ld, aathseb07d nohh rbltia% i nanot hes ienbesli sead, J beettdicasetithog of the
nunber of tinmes N is not necessary, the initial settlng of the nunber of

times is.NOtypesforpedni nsthen Egggss step 5601, and the rank n is
|n|t|aIIy set toétﬁ gFoaes? ranE I'n this another enbodlnent as well, the

sane advantage S %nlkpaaa ?Xﬁcﬂ ?E”%ﬂ%&ﬁgﬁ % éye égggﬂerslnce

the necessity o counting the nu 557 na
configuration is sj e jin co son W escri enbodi nent .
Fig. 70 %b?%%%”?%smm@e Bk obBudht oty pfd EEFhé?meeﬁB BFRBAC of t he
pr esent |nvent|on and the sanme reference nunerals are designated to the
sane conpiHeREal B3R 8 L IR L BX PIPBD FOFSGC MPHBUYH t3fe EnbBodi-ment  shown
in Fig. 5is configured to change the main drive pulse to a main drive
pul se havkhghaughdiie embogimeattedesihe iveidnadev el putaet msred rexinalit ener gy
(Steps S508 and

the rank downward when the rotation is made continuously by

a predetermined number of times (N times), this another
embodiment is configured to move one rank downward when the
detection signal VRs exceeding the reference threshold voltage
Vcomp is detected once in the second segment T2 in the process
step 5505 and the main drive pulse Pl at that time is not the
lowest rank 0 (the process steps S$514 and S602). In this
another embodiment, since the setting of the number of times
N is not necessary, the initial setting of the number of times
is not performed in the process step S601, and the rank n is
initially set to the lowest rank 0.

In this another embodiment as well, the same advantages
as in the above-described embodiment are achieved. Since the
necessity of counting the number of times N is eliminated, the
configuration is simple in comparison with the above-described
embodiment.

Fig. 7 is a flowchart showing a process in still another
embodiment of the present invention, and the same reference

numerals are designated to the same components as in Fig. 5.
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S509), this another enbodinment is configured to go to the process step S518
and not to change the main drive pulse when the nmain drive pulse driven in
the process step S508 is the naxi numenergy after having driven with the
corrective drive pulse P2. In this configuration, when phegstategg n whi ch
the rotation is possible with the main drive pulse P1 again as in the case
where the load of the notor is restored to the normal state by driving with
the corrective drive pulse P2, a main drive pulse Pl mhaving a maxi mum
energy is used for the next drive, so that the further reliable rotation

with the A@rﬁb@% h@e PHbs8iRenkSsIenediedri dhey ebarenfenc4 e BREABE state
is restored, the possibility to avoid the driving with the corrective

drive pul {ips 0y i % ously
Cehi ovad O FaigPal MEGASR, L80a ik APy ERRIMe nadihith hAdvBRL 2GS
embodi nent of e _pr.es inve an he sa fe rahs are
deS|gnatedh?n emgéﬁegcov neg%s a§3|ﬁg%£l%ug gg%f?%oﬁﬁﬁﬁf éﬂ%ﬁiogﬁnent
shown in g confl%‘red t e the mai_n drive pul se P1 a main
drive pul%% %bVIE 15 &pgl Fihd RRPALEMFGE 631§EDPEOh5

maxi mum energy (Steps 5508 and 5509), this another enbodinent is conflgured
to go 33FPDIPCEACTSE G0 & REDRecess ShBPISEATE A YL 16 EHARGe"PRE mai n
drive pulse Pl when the nain drive pulse Pl driven in the process step S508
i s the nakhenmaemedyivafpel shagihyedr inehhei phothescetepcBb€ is the

maximum energy after having driven with the corrective drive
pulse P2.

In this configuration, when the state in which the
rotation is possible with the main drive pulse Pl again as in
the case where the load of the motor is restored to the normal
state by driving with the corrective drive pulse P2, a main
drive pulse Plm having a maximum energy is used for the next
drive, so that the further reliable rotationwith themain drive
pulse Pl is ensured. Therefore, when the normal state is
restored, the possibility to avoid the driving with the
corrective drive pulse P2 is increased, so that the energy
saving is advantageously achieved.

Fig. 8 is a flowchart showing a process in still another
embodiment of the present invention, and the same reference
numerals are designated to the same components as in Fig. 6.
Although the embodiment shown in Fig. 6 is configured to change
the main drive pulse Pl to a main drive pulse having a small
energy when the main drive pulse Pl has a maximum energy (Steps

S508 and S509), this another embodiment is configured to go
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drive pulse P2. In this configuration, in the sane manner as the enbodi nent
shown in Fig. 7, when the notor load is restored to the nornmal state by the
driving with the corrective drive pulse P2, the possibility to avoid the
driving with the corrective drive pulse P2 is increased,psootihaiscdt he energy
saving i s advantageously achi eved. Subsequently, an exanple in which the

detection segnent is divided into four segnents wll be described. Fig. 10
is atimng chart of the anal ogue electronic tinepiece using a notor
control circuit according to still another enbodi nent of the present

i nventiongo WHeCPrehaws shep JRrdhRs 9bt tthe chaadeaple thiei f lrakicopal sposi tions
of the rotor 202 together. The bl ock diagram and the configuration draw ng

of the Stﬁpgh% ggg%ay% ddiive g_ﬁ@fs@e@l QAL TEN! £ AL & L6 SNk o A85hRY. 1 and
n Fig. , re

Fig. 2. 1 erence Sign Pl designates a segnment in “which the
rotor 202, is.rotated with the (n_drive pulse P1, ..and.re .si.gns a to
e designa%%%ggbﬁgﬁfgughgﬂfﬁgyt%gkng%%Y%% é%gﬁgg??Pgﬁg%gF %ﬁ%ggggéiezoz due
to the frge, osciLIatigns after the termnation of the drive with the main
drive pul Se'¥1.P84589P60106SG The detection segnent T for detecting the
rotation of the stepping notor 105 is divided into four segnents in sequence
froma first sefwernthif acprpkdaraaéipnafteh tHhe dERTRngR@nNRAT as the

embodiment shown in Fig. 7, when the motor load is restored
to the normal state by the driving with the corrective drive
pulse P2, the possibility to avoid the driving with the
corrective drive pulse P2 is increased, so that the energy
saving is advantageocusly achieved.

Subsequently, an example in which the detection segment
is divided into four segments will be described.

Fig. 10 is a timing chart of the analogue electronic
timepiece using a motor control circuit according to still
another embodiment of the present invention, which shows the
margins of the load and the rotational positions of the rotor
202 together. The block diagram and the configuration drawing
of the stepping motor in this another embodiment are the same
as Fig. 1 and Fig. 2.

In Fig. 10, reference sign Pl designates a segment in
which the rotor 202 is rotated with the main drive pulse P1,
and reference signs a to e designate segments showing the
rotational positions of the rotor 202 due to the free
oscillations after the termination of the drive with the main

drive pulse P1l.
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the nain

drive pulse P1, a second segnent Tlb, a third segnent T2, to a

fourth segnent T3. In this manner, the entire detection segnent T starting
mng imediately after the drive with the main drive pulse Pl is

froma ti

divided into a plurality of segnents (in this another embedigmmsc four

segment s

"imedi ately after the drive with the nain drive pulse P1" neans to be
imediately at a time when the detection of rotation is substantially

Tla to T3) The rotating state is detected by the detection signal
of the sane pole in the respective segnents Tla, Tlb, T2, and T3. The term

enabl ed as the respestéveioRMPOgGhaRNts flescabbedt abgveneArpBskseamemt, which

is a peri
provi ded.

od in which the induced signal VRs is not detected, is not

T ey betgée*'s%%gptﬁ% rkf?eam%sf)i Hl%lroee%pﬁﬁwgb\f%ﬁel%fﬁéﬁtyﬁ] Sgglgeng% and

sati sty such relations as third segnment T2 < (first

SRS kR ACERRS. SEROREL: ThP T CQVALE, SoQPEL T2 mlhlraag%egm

Tla = second" egne

t han t he
first

exanp e |ch EIE

t he rotor 202 is determned in the second quadrant H of in_ the XY

coor di nat

B2sp&Ce &r b0REtPheegiantof TPot atlifont i St FéWSTor t% 69PODL06SG
202 as the center, the second segnent Tlb corresponds to a segment for
deternini@gtehélgnaﬁ@qméntﬁé3ﬁﬁmﬁ%ﬁgﬁhﬁmaﬁ tigtiag emmetigke LyorditeZ02 in

the third quadrant 11, the third

the drive with the main drive pulse Pl is divided into a
plurality of segments {(in this another embodiment, four
segments Tla to T3). The rotating state is detected by the
detection signal of the same pole in the respective segments
Tla, Tlb, T2, and T3.

The term "immediately after the drive with the main drive
pulse P1" means to be immediately at a time when the detection
of rotation 1is substantially enabled as the respective

embodiments described above. Amask segment, which is a period

in which the induced signal VRs is not detected, is not provided.

Also, the lengths of the respective segments Tla, Tlb, T2, and
T3 may be set to satisfy such relations as third segment T2
< (first segment Tla + second segment Tlb) < fourth segment
T3, and first segment Tla = second segment Tlib, for example.

In the state in which a load smaller than the normal load
is increased (the increment of the load is small), the first
segment Tla corresponds to a segment in which the rotating state
of the rotor 202 is determined in the second guadrant [l of in

the XY coordinate space around the axis of rotation of the rotor
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segnent T2 corresponds to a segnment for determining the state of the
initial normal rotation and the state of the initial reverse rotation of
the rotor 202 in the third quadrant 111, and the fourth segnment T3
corresponds to a segnent for determning the state of thegphpibkalk reverse
rotation and the state of rotation thereafter of the rotor 202 in the third
quadrant M Also in the state of the normal |oad, the first segnent Tla
corresponds to a segnment for determining the state of the initial normal
rotation of the rotor 202 in the third quadrant [I1l in the XY coordinate

space ar Qud dhe raxi Se@fef Ot 8hé08e0bndt Begheher T482 fr tdigsieppi digs not or
105, the second segnent Tlb corresponds to a segnent for determ ning the

state of dfgerdini £l J&@@Aimﬁ@t baa and,tdeq gt At O Hg'regailniﬁ&ﬁhaieverse

rotation of the rotor 1n the thitd quadrant 11, t segnment T2
corresponds to a s nt for d rmnin he state of the jnitjial reverse
rotation I&Stattﬁeorf &E‘Eg%?nrf’ﬁgrt gb?dln &]h%rtg}ﬁrcflqlu,ad&r‘?&tt ﬁ]g'f OF t W 5Egnent
corresponds to a iegnent for, determ nin t?e rgtating state of the rotor
after theCIMRRG d¢¥ FRYERSBOPESat? oh S5 Ritr 4 GERUL A0 FRS $?ES the

term"normal |oad" nmeans a |oad driven in the normal operation as in the
enbodi mef dé¥tAirgdd sbaviermml, Tt iRt Abddigetiiate 3Bt dgPOOLDESE Lt he | oad

for driving the tinme hands is defined as the normal |oad. The reference
si gn Vcomewasi egnadtest con ef £reneerotdir e30d| tinvoheagbisdt quadrhetsdbe nanner
as the respective
and the fourth segment T3 corresponds to a segment for
determining the state of the initial reverse rotation and the
state of rotation thereafter of the rotor 202 in the third
quadrant III.
Also in the state of the normal load, the first segment
Tla corresponds to a segment for determining the state of the
initial normal rotation of the rotor 202 in the third quadrant
Il in the XY coordinate space around the axis of rotation of
the rotor 202 of the stepping motor 105, the second segment
Tlb corresponds to a segment for determining the state of the
initial normal rotation and the state of the initial reverse
rotation of the rotor in the third quadrant I, the third
segment T2 corresponds to a segment for determining the state
of the initial reverse rotation of the rotor in the third
quadrant II, and the fourth segment corresponds to a segment
for determining the rotating state of the rotor after the
initial reverse rotation in the third quadrant M. Here, the

term "normal load" means a lcad driven in the normal operation

as in the embodiment described above and, in this embodiment,
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enbodi nents descri bed above. In Fig. 10, a sunmary of the stepping notor
control circuit according to this another enbodinment will be described.

The induced signal corresponding to the induced voltage generated in the
area a in the state in which the increnent of the |oad igsmmlolsgiss det ect ed
inthe first segnent Tla, the induced signal generated in the area b is
detected across the second segnent Tlb and the third segnent T2, and the

i nduced signal generated in the area c is detected in the third segnent T2
and the fourth segnent T3. Wen the drive energy of the main drive pulse P1

is in thenstalsd ofot he NPl Heoddimet BenidsMiRg deft i nkidehgephieoRo@halt he nmain
drive pul se Pl passes the first segnent Tla and the second segnent Tlb by,

the i nduced gl gnajnyRs ARNSAIS T SOBN! Necoibl b sRaiINde T2 ORUREden e

i nduced signal VRs generated by thé rotation of the stepping nmotor 105
appears cgnse fyely.in_ th i rst g T d.th e nt TIb
when therghf%gﬁéign%¥%k?gée§3édl%cgégbgggkiﬁ%ﬁﬁzii%% g?étﬁgggg?g?qgoz

which indicates that the reserved rotation capacity is getting reduced.
When the ?%Bﬂg?@e?ﬁﬁrgﬁ§ﬁal§ﬁ ?ﬁ8v§tate in which the increment of the |oad
is small is assuned so that the drive 37 09PO0OL06SG force is rather

| ower ed, and whBh FhE-| d8d is SWEraRgseaf afde e dtE TAC AR ERNEREL
increnent of the load is large is assuned so that there is no |onger
reserved ¢branibmasapatingtofthtiffeanother embodiment will be described.

The induced signal corresponding to the induced voltage
generated in the area a in the state in which the increment
of the lcad is small is detected in the first segment Tla, the
induced signal generated in the area b is detected across the
second segment Tlb and the third segment T2, and the induced
signal generated in the area ¢ is detected in the third segment
T2 and the fourth segment T3.

When the drive energy of the main drive pulse Pl is in
the state of the normal lecad, the timing of interception of
the main drive pulse Pl passes the first segment Tla and the
second segment Tlb by, the induced signal VRs appears from the
third segment T2 onward.

The induced signal VRs generated by the rotation of the
stepping motor 105 appears consecutively in the first segment
Tla and the second segment Tlb when there is not more reserved
capacity in rotation of the rotor 202, which indicates that
the reserved rotation capacity 1is getting reduced.

When the load is increased and the state in which the

increment of the load 1s small is assumed so that the drive

37



rotor, the timng of interception of the main drive pulse P1 is first
segnent Tla or earlier, and the tine when peaks of the induced signals VRs
in both cases appears in the first segnment Tla, and hence if it is the
former or the latter cannot be determ ned. However, by gogbpnoeggwi th the
result of detection of the induced signal VRs in the second segnent TI Db,

di scrim nation between the state of rotation of the rotor having no |onger
reversed capacity or the state in which the drive force is slightly |owered
is enabled. In view of such characteristics, the reserved drive capacity is

det er m negh @REC Urate] phe @nthvdres dlr i My GRMA Alnav tdhd ans agdegras edriNg pul se
is performed. In this another enbodi nent, when the induced signal VRs in

the seco égga%@t-HMi%Cféﬁgsiﬁ%n%ff%%ﬁ% g@%d @Eefdelr@eeifs%%&ﬁgé vol tage

Vconp (when the decision value is etermned to be t

. ) | | ndr | ; «
Lo 0 A et T EYe B 1oy PERlPL DSt R RRO Ca bR el By QR B DIP L7 s
drive with _the corrective dri se P2,

achi eved wi t hout_ performn he ive p i
2nd henced et i1t a1 ihe Tp o LSRGt Pn hE BRADI B YPPENES Bhot her
enbodinment, it is possible to determne whether to maintain the main drive
pul se havishf H1HEC SRR VL2 38 opbIDBSE @t gyt Bire t B ehahgek e hef mai n
drive pulse to a main drive pulse having a snmaller drive energy by sensing
t he rotatihg srdueedotighelsoVBe by bhthi ndsesd agipgmis MRsthe fhestirst
segnent
segment Tla, and hence if it is the former or the latter cannot
be determined. However, by combining with the result of
detection of the induced signal VRs in the second segment Tlb,
discrimination between the state of rotation of the rotor
having no longer reversed capacity or the state in which the
drive force is slightly lowered is enabled.
In view of such characteristics, the reserved drive
capacity is determined accurately, and the drive control with
an adequate drive pulse 1s performed. In this another
embodiment, when the induced signal VRs in the second segment
Tb exceeds the predetermined reference threshold voltage Vconp
(when the decision value is "1"}, it is determined to be the
rotation with a least energy, and the main drive pulse Pl is
moved one rank upward. Accordingly, the efficient control of
the corrective drive pulse is achieved without performing the
drive with the corrective drive pulse P2, and hence reduction
of the power consumption is enabled.

In this another embodiment, it is possible to determine

whether to maintain the main drive pulse having the same drive
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Tia and the second segnent Tl b. For exanple, when the induced signal VRs in
the first segnent Tla exceeds the reference threshold voltage Vconp, but
the induced signal VRs in the second segnent Tib does not exceed the
reference threshold voltage Vconp and the induced signal go¥Rsiigsdde third
segnent T2 exceeds the reference threshold voltage Vconp, it is determ ned
that the rotation is the rotation without a reserved capacity in which the
main drive pulse is a drive energy without a reserved capacity, so that

the main drive pulse Pl is not changed and a main drive pulse Pl having the

sane energyeigy By RLALAgHgeFORe QAR v@Npline PRSI 5 nidfi e kRSl sef
conparison of the |nduceg signal VRs with the reference threshold voltage,

the dri Ve\ﬁg#lﬁ 4 SsriM J[?'eéi’ 1 9ot bge AL vig pé'%ﬁgiﬁ F‘Hé\c/gg’cQ‘éin NgEQY el S
changed. re @pec? |ca§ y,rmﬁ%n t%eé*ndﬂce S|gﬁa In tﬁe Flrst
segnment TI nd the induced signal VRs of .th second segnent Tl b are
referenceofﬂﬁggﬁgfd”@gp{g‘éa@@ &t =t Sﬁéf,%gﬁdlphggﬁnggggé gFgWSPtVRS in
the third fegnent T2 excegds t he refeLence t hreshol d voltage Vconp, it is
det er mi nelitata"BethheSEEPati AIMFPR d1Peserved capacity in which the main
drive pulse is a drive energy having a reserved capacity, and the main
drive pul se is Evargpeampbea Waeh e vengured P1gRadi WS 30 ODPODLOESG a
smal | energy. Wen the induced signal VRs in the second segnent Tlb exceeds
t he ref ereagmenhridshekdeedsuehd/cmferamte theeshdldedo bt gpalVadyp,i budt | east
one of the third segnent

the induced signal VRs in the second segment Tlb does not exceed

the reference threshold voltage Vcomp and the induced signal

VRs in the third segment T2 exceeds the reference threshold

voltage Vcomp, it is determined that the rotation is the

rotation without a reserved capacity in which the main drive

pulse is a drive energy without a reserved capacity, so that

the main drive pulse Pl is not changed and a main drive pulse

P1 having the same energy is maintained.

For example, on the basis of the result of comparison

of the induced signal VRs with the reference threshold voltage,

the drive pulse is switched to the drive pulse in which the

energy is changed. More specifically, when the induced signal

VRs in the first segment Tla and the induced signal VRs of the

second segment Tlb are reference threshold voltage Vcomp or

lower, and the induced signal VRs in the third segment T2

exceeds the reference threshold voltage Vcomp, it is determined

to be the rotation with a reserved capacity in which the main

drive pulse is a drive energy having a reserved capacity, and

the main drive pulse is changed to a main drive pulse Pl having
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T2 and the fourth segnent T3 exceeds the reference threshold voltage Vconp,
it is determned to be the rotation with a |east energy in which the main
drive pulse has a least drive energy required for the rotation, and the
main drive pulse is changed to a main drive pul se Pl hayig®godolsaizge energy.
Accordingly, the normal driving, the rotating state of the rotor in which
the driving force is slightly lowered, and the rotating state having no
reserved rotation capacity of the rotor may be discrimnated, so that the
prevention of the erroneous determnation in determ nation of the rotation

of the rotanais £gbkahly weahi zed. iAbsecdt ke pehawies oh the Letehnd
i mredi ately before becom ng the non-rotating state may be grasped by the

| nduced VOI4RGe: R dBleals ee CLEAL GO0LTOh e Ohol AEvARLECOELYE dhbvI NG

;
output is a contributes to the reduction of power

coneumpt o0 Fidhedd L iuBafVEE LS OL-SLeTLL I MLED LRS- aoLignsgyin (N

anot her enbodi In“ata own 1n
rotation detectiqn circuit 110 detects the inﬁuced si gnal VRs exceeding the
ref er encel # t4ft sﬁhﬂ(fQHﬂch§€QV€@ﬁpTgneﬁﬁéegécﬁ g EESﬁE%PC?IBE§?FéPig
determned to be the rotation with a | east energy in which the min drive
pul se P1 ol yagad aamp, éists deg@nmddedt toLedgyotag 10opednesteagthe
inclement of the load is large) or the non-rotation, and the main drive
pul se Pl ésechangedhticha tingi madni delipealpel $#4 hdmd dgast drgaeeasegyy( pul se
up (also referred to as rank up) )
required for the rotation, and the main drive pulse is changed
to a main drive pulse Pl having a large energy.
Accordingly, the normal driving, the rotating state of
the rotor in which the driving force is slightly lowered, and
the rotating state having no reserved rotation capacity of the
rotor may be discriminated, so that the prevention of the
erroneous determination in determination of the rotation of
the rotor isreliably realized. Also, the behavior of the rotor
immediately before becoming the non-rotating state may be
grasped by the induced voltage, so that an efficient control
of the corrective driving output is achieved, which contributes
to the reduction of power consumption.
Fig. 11 is a determination chart in which the actions
in this another embodiment is shown in a table.
As shown in Fig. 11, when the rotation detection circuit
110 detects the induced signal VRs exceeding the reference
threshold voltage Vcomp in the second segment Tlb, it is

determined to be the rotation with a least energy in which the

main drive pulse Pl only has the least required drive energy
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At this tine, when the rotation detection circuit 110 detects the induced
si gnal exceeding the reference threshold voltage Vconp in the second
segnent Tl b and detects the sane in the third segnent T2 or in the fourth
segnent T3, it is determned to be the rotation with a heashiesesgy (the
increment of the load is large) in which the main drive pulse P1 only has
the least required drive energy, and the nain drive pulse Pl is changed to
a main drive pulse P1 having a large energy wthout performng the drive
with the corrective drive pulse P2. Accordingly, the driving with the

corrective il iivR IRIMIR o2t ARY] HEareducede)sert hat 1BE-POVBEiSAYI H84i S
enabl ed. Also, at this tinme, when the rotation detection circuit 110

detects t wﬁg Sl ceed) 4“3[ fere L hgeshol g, voltage Vconp
in the seéggen s%%ﬂﬁ#?ﬂ%l%tﬁeﬁ%&%ﬁ t ée&\ttﬁlg r%q{s%aelgérent T(g 15al%dgt hegf ourth
segnent determ ned ,to.be the non-raotation,.and the naigydrive

3,4t IS
pul se Pl-g} Vlcrf%ﬁg%%lrg?(?naerr% Ap&rlis\efeu%u(lasescbfehg\ﬂrﬁg 501K égné(n‘é? “after
having performed the drive with the corrective drive_gﬁlse P2, V*f@ t he
rotation detectitlorFti¥ duifte 1 PR Ubd ot et et A HCT Hefucet SR yhat L Bxceedi ng
the reference threshold voltage Vconp in the second segnent Tl b, and
det ect s tdRLedhe tihe drduceid sigsagnereeFiangnihehecfareacseghenshadd it is
determ ned 41 09P00106SG to be an adequate drive and not to be necessary
to nove theltagnkVaimg hen dhiev e cemardgpedownwald boandpdatdctehabei samet i s
determned to be a rotation without a reserved capacity, in

in the third segment TZ or in the fourth segment T3, it is

determined to be the rotationwith a least energy (the increment

of the load is large) in which the main drive pulse Pl only

has the least required drive energy, and the main drive pulse

Pl is changed to a main drive pulse Pl having a large energy

without performing the drive with the corrective drive pulse

P2. Accordingly, the driving with the corrective drive pulse

P2 may be reduced, so that the power saving 1is enabled.

Also, at this time, when the rotation detection circuit

110 detects the induced signal exceeding the reference

threshold voltage Vcomp in the second segment Tlb, but not in

the third segment T2 and the fourth segment T3, it is determined

to be the non-rotation, and the main drive pulse Pl is changed

to a main drive pulse Pl having a large energy after having

performed the drive with the corrective drive pulse P2,

When the rotation detection circuit 110 does not detect
the induced signal exceeding the reference threshold voltage

Vcomp in the second segment Tlb, and detects the same in the

first segment Tla and the third segment T2, it is determined
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whi ch the main drive pulse has a drive energy having no reserved capacity
(increment of the load is small), so that the main drive pulse P1 is not
changed and is maintained as is. Also, when the rotation detection circuit
110 does not detect the induced signal exceeding the refgpenegsthreshold
voltage Vconp in the first segnent Tla and the second segnent TIb, and
detects the sane in the third segnent T2, it is determned to be the
rotation with a reserved capacity in which the nmain drive pulse Pl has a
reserved drive energy (normal |oad), and the main drive pulse Pl is changed
to a miRdliven DucsfsPl BAMVIO ASTRI nehddlss fdam (s el erred
omﬁB). g. 12 is a

to as rank owchart show ng an action of the stepping

notor contrel circuit, and the analggue el ectraonic t'ngﬁi ce, _according to
this anotie eo(riFlbgg’ienéir]ftl,vear?(ﬁ‘%rsqya 51\/Vcahr§retorrré}pn ayré'shovﬁetngl?hel%r ‘Jéess of

the control cincukt 103. Referrin noqk%f Fig. 1, Fkg. 2, and Fig. 10 to
Fig 12, d8HFEM™HADAS & thé g B oGS ET QAR GhidY t b
anal ogue el ectronic timepiece according to this another enbodinent wll be

descri be#hiich Fhgmain drévesiliahpsm Erieg enapay Jenerg 8s eseefed ence
cl ock signal of a predeterm ned frequency, and the 42 09POOL06SG frequency
di vi der ciapagiitt vl 02 rdindmobgst tdfe Siggnaladyeiersataldl )i n s hehascilhé ataom circuit
101 to generate a clock signal as a reference of the clocking, and outputs
the sanme drd vich@udad rral is not changed and is maintained as is.
Also, when the rotation detection circuit 110 does not
detect the induced signal exceeding the reference threshold
voltage Vcomp in the first segment Tla and the second segment
Tlb, and detects the same in the third segment T2, it is
determined to be the rotation with a reserved capacity in which
the main drive pulse Pl has a reserved drive energy (normal
load), and the main drive pulse Pl is changed to a main drive
pulse Pl having a small energy (pulse down (also referred to
as rank down}).
Fig. 12 is a flowchart showing an action of the stepping
motor control circuit and the analogue electronic timepiece
according to this another embodiment, and is a flowchart mainly
showing the process of the control circuit 103.
Referring now to Fig. 1, Fig. 2, and Fig. 10 to Fig. 12,
the actions of the stepping motor control circuit and the
analogue electronic timepiece according to this another
embodiment will be described.

In Fig. 1, the oscillation circuit 101 generates a

reference clock signal of a predetermined frequency, and the
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circuit 103. The control circuit 103 counts the clock signal, and perforns
a clocking action, sets the rank n and the nunber of tines N of the main
drive pulse PIn to zero (Step S1501 in Fig. 12) , then outputs a control
signal to rotate the stepping notor 105 with the main dﬁgigg RHI@ P10
having a nini mum pul se width (Steps S1502 and S1503). THE drive Eul se
selection circuit 104 rotates the stepping notor 105 with the main drive
pul se P10 in response to the control signal fromthe control circuit 103.
The stepping notor 105 is rotated with the main drive pul se P10, and
rotates the tine hands 107 to 10%. @gc rdicgl | y,,. when the steggi ﬁg not or 105
i s rotated FOIFHIY 3‘,”" T4FdpFEY tuh 06957 1%y IR aduPFRRT Ot P’ By t he
time hands 107 to 109 as needed. The control circuit_103 detergi nes whet her
or not tHd"® Bt} o Tt et onl e Fehi §0 199P et et 3 theckndigRa sfgndl VRs
of the steap;% ng notor 105 which exceeds the predeterm ned reference

t hr eshol dradotnenyee Ydohpe anodlel »9 matel owtetfier the safee tchéhgetertroh segnent
determnation circuit 111 determines the detection tinme t of the induced
signal VRsitouie MEhin the first segnent Tla (Step S1504) . Wen it is
determ ned that the induced signal VRs exceeding the reference threshold
43 09PO0L06SG v tage: MEDNPi +Suiet 1det eeigd si nHha: Tddlst s sggaent ardda,

whet her or not the induced signal VRs exceeding the reference threshold

vol tage \eOmmys s e1aeicad g abhe osecord ssegaemin b dift ke safBer of

times N of the main drive pulse Pln to zero (Step S1501 in Fig.
12), then outputs a control signal to rotate the stepping motor
105 with the main drive pulse P10 having a minimum pulse width
(Steps S1502 and S1503}.

The drive pulse selection circuit 104 rotates the
stepping motor 105 with the main drive pulse P10 in response
to the control signal from the control circuit 103. The
stepping motor 105 is rotated with the main drive pulse P10,
and rotates the time hands 107 to 109. Accordingly, when the
stepping motor 105 is rotated normally, the display unit 106
displays a current time by the time hands 107 to 109 as needed.

The control circuit 103 determines whether or not the
rotation detection circuit 110 detects the induced signal VRs
of the stepping motor 105 which exceeds the predetermined
reference threshold voltage Vcomp and determines whether or
not the detection segment determination circuit 111 determines
the detection time t of the induced signal VRs to be within
the first segment Tla (Step $1504). When it is determined that

the induced signal VRs exceeding the reference threshold

43



manner as described above (Step 51505). Wen it is determ ned that the

i nduced signal VRs exceeding the reference threshold voltage Vconp is not
detected in the second segnent Tib in process step S1501, the control
circuit 103 determ nes whether or not the induced signal g¥Rsgiexegeedi ng the
reference threshold voltage Vconp is detected in the third segnment T2 in
the same manner as descri be above (Step S1506). When it is determ ned that
t he induced signal VRs exceeding the reference threshold voltage Vconp is
not detected in the third segnment T2 in process step S1506, the control

circuit 103 dejerropgsi WheithgerEtRatid Reel ﬂﬂf@_@dséijhngé}ﬁi TYRS weX€Redi ng the
reference threshold voltage Vconp is detected in the fourth segnment T3 in

the sane fRpRer: i@gg%hb&@ggyams(&8@?§1§%89he \é\gggﬁ%}'\giestﬁfé§ﬁmaed t hat

t he i nduced signa exceeding the reference t vol tage Vconp is

:1 gt t ﬂgt S:’:‘%)OC o Saséegs]ytg%(ﬁlggg%réierﬁ%g@en&qtn ’-crée (svgct hnc% ps%ﬁ?n%tntte%?}fglgfn Q:Ql’e 9 aﬁng’ 0) )

is the non-totati o and control "circuit

103 drives the steppin tor 105 with th rrective drive pulse P2 (Step
S1514) W?ﬁﬂ??fa§réé?%ﬁﬁgﬁgo?%oYﬁe(ﬁﬁFﬁ g??@B)pulse P1 is not the highest

rank m the main 44 09P0O0O106SG drive pulse Pl is noved by one rank upward
to the main dri%ken pikseP1gaFeymingd usheat t A8enal pd@eede sg@Ase PVRE+ ) for
the subsequent drive (Steps S1513 and 51515).

exceeding the reference threshold voltage Vcomp is not detected

in the second segment Tlb in process step S1501, the control

circuit 103 determines whether or not the induced signal VRs

exceeding the reference threshold voltage Vcomp is detected

in the third segment T2 in the same manner as describe above

(Step S1506).

When it is determined that the induced signal VRs
exceeding the reference threshold voltage Vcomp is not detected
in the third segment T2 in process step S1506, the control
circuit 103 determines whether or not the induced signal VRs
exceeding the reference threshold voltage Vcomp is detected
in the fourth segment T3 in the same manner as describe above
(Step $51518).

When it is determined that the induced signal VRs
exceeding the reference threshold voltage Vcomp is not detected
in the fourth segment T3 (with the pattern of (0, 0, 0, 0})
in the process step S§1518, it is the non-rotation, and the
control circuit 103 drives the stepping motor 105 with the

corrective drive pulse P2 (Step S1514), then if the rank n of

the main drive pulse Pl is not the highest rank m, the main
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When the rank n of the main drive pulse P1 is the highest rank min the
process state 51513, it is determned that the rotation is not possible
even with the nmain drive pulse Plm which is the nmaxi mum energy for the next
time, and the control ~circuit 103 changes the main drivespalhsesBt to the
main drive pulse Pl (n-a) having |l ess energy by a predeterm ned anount for
reduci ng the power consunption, and uses the nmain drive pulse Pl(n-a) for

t he subsequent drive (Step S1512). At this time, the drive pulse Pl may be
changed to the main drive pulse P10 having the snallest energy in order to

achi eve tdeJande Rover i Sagwdl eff eek. rg\h@nu'ﬁhaka det enai nednt hat vehe
i nduced signal VRs exceeding the reference threshold voltage Vconp is not

det ected ..i rih t:at | i | e it.h the
Op%d{%% F%JM) SRR T3 rata a%v\glg%ge ]@q%m kY Whb

pattern 0, 1)) in the process step if the rank n of the

mai n drive .pul 1 IS, hot hi rank i the control circuit 103
goes to t%%g%?%c%gé %f%%gsiéggpgng?giéfaﬁﬁespggé)ﬁ of the main drive pul se
P1 is the highest rank m  since the rank cannot _be ved upward es back
to the procesS'ieEhN§1588% HohfePyidd the Y harn r%%é¥5ﬁﬁ§8h9%g (St eps
S1516 and S1517). Wen it is determ ned _that the induced signal VRs 45
09PO0L06 BN Xt datithg P Gesiesdice tROdsholld ¥6| B8§6TVeHRE F828etBBted in
the second segnment Tlb in process step 51505, the control «circuit 103

det er mi nedo Wwhiet prer iornebtpesheibhdueeen svgbhl tMRsmain drive pulse Plm

which is the maximum energy for the next time, and the control
circuit 103 changes the main drive pulse Pl to the main drive
pulse Pl (n-a) having less energy by a predetermined amount for
reducing the power consumption, and uses the main drive pulse
Pl {n-a) for the subsequent drive (Step S1512). At this time,
the drive pulse Pl may be changed to the main drive pulse P10
having the smallest energy in order to achieve the large power
saving effect.

When it is determined that the induced signal VRs
exceeding the reference threshold voltage Vcomp is not detected
in the fourth segment T3 (rotation with a least energy with
the pattern of (0, 0, 0, 1)) in the process step S1518, if the
rank n of the main drive pulse Pl is not the highest rank m,
the control circuit 103 goes to the process step 51515 and,
1f the rank n of the main drive pulse Pl is the highest rank
m, since the rank cannot be moved upward, goes back to the
process step 51502 without changing the main drive pulse Pl
(Steps 81516 and $1517).

When it 1is determined that the induced signal VRs
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exceeding the reference threshold voltage Vconp is detected in the third
segnent T2 (Step 51519). Wien it is determ ned that the induced signal VRs
exceeding the reference threshold voltage Vconp is not detected in the
third segnent T2 in process step S1519, the control cirourtp0ol@Fsgoes to the
process step S1518. Wien it is determi ned that the induced signal VRs
exceeding the reference threshold voltage Vconp is detected in the third
segnent T2 in process step 51519 (the rotation with a |east energy with the
pattern of (0, 1, 1, 1/0)), the <control circuit 103 goes to the process

step 515léxcddematths ceteramaedthhathbbe rotused scgnpl iwhdebectkadi cates
the rotation exceeding the reference threshold voltage Vconp is detected in

the first;sagenieddf igbgHaness b Skepratad, skthe om0l takr edht rdf3
det erm ned whether or not~ the induced signal VRS exceeding the reference

Lhr eshol &, vah! age Yearm. i e atadyd n hhecsecqnd isequent sTLh-0SyRe

S1521) . en it is determned t e induced sig ceedi ng the
reference_t hreshol d_voltage Vconp,is not. detected 1i,n the.se d segnent Tib
b br ocestrerep oS tREEEERRr o TePRbLA S5, WP ok ShAERREEEE ot
the induced signal  VRs 46 09POOL06SG egggﬁging the reference threshol d

vol t age Vidonph'Fstiireceeameph fhe (PAEPI® nt T2 (Step S1520). Wwen it is

determ ned that the induced signal VRs _
When it is determined that the induced signal VRs

exceeding the reference threshold voltage Vcomp is not detected
in the third segment T2 in process step S1519, the control
circuit 103 goes to the process step S1518.

When it is determined that the induced signal VRs
exceeding the reference threshold voltage Vcomp is detected
in the third segment T2 in process step $1519 (the rotation
with a least energy with the pattern of (0, 1, 1, 1/0)), the
control circuit 103 goes to the process step 81516,

When it is determined that the induced signal which
indicates the rotation exceeding the reference threshold
voltage Vcomp is detected in the first segment Tla in process
step 51504, the control circuit 103 determined whether or not
the induced signal VRs exceeding the reference threshold
voltage Vcomp is detected in the second segment Tlb (Step
51521).

When it is determined that the induced signal VRs
exceeding the reference threshold voltage Vcomp is not detected
in the second segment Tlb in process step 51521, the control

circuit 103 determines whether or not the induced signal VRs
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exceeding the reference threshold voltage Vconp is not detected in the
third segnment T2 in process step S1520, the control ~circuit 103 goes to the
process step 51518, and when it is determned that the induced signal VRs
exceeding the reference threshold voltage Vconp i s deteobedoilveasee third
segnent T2 (the rotation without a reserved capacity with the pattern of

(1, O, 1, 1/0)) , the procedure goes to the process step S1517. Wien it is
determ ned that the induced signal VRs exceeding the reference threshold
vol tage Vconp is detected in the second segnent Tlb in process step 51521,

the cont rétcecdityi thd Oce goesnto theepioressostegeSibddp in denttasti, when
it is determned that the induced signal VRs exceeding the reference

thresholqjyoéﬁég@hy@@npegﬁengeﬁgcqggangqbgoqhird segnent T2 (the rotation
with a reserved capacity with the pattern of (0, 0, 1, 1/0) in the process

step 51506, siylee, the rank ,canngh e moved dowmand,ubgn ditgdanken of the

mai n drive pul se ist 'owest ra the contro circurt 103 uses this
main drive pulse Pl for the next .driyve i t hout angi ng the in.drive

pul se Pl Cerepdtad b et FeREt YRl Ve P R e gRER FRL
process step S1507, the control circuit 103 adds Ofg%éo %Fe nunber _of tines
N (Step 47 Bopobios3ceer508) IAMen AR SifbereRiS t1ads N'FeGtRESCd
predeterm ned nunber (160 in this enbodinent), the rank n of the main drive
pul se P1 ¢5r@piedlBAedrafik taowiRald ocE SEn-S0eP ahkb tthe Fughpehen 1t is

determined that the induced signal VRs exceeding the reference
threshold voltage Vcomp is detected in the third segment T2
(the rotation without a reserved capacity with the pattern of
(1, 0, 1, 1/0)), the procedure goes to the process step 51517.

When it is determined that the induced signal VRs
exceeding the reference threshold voltage Vcomp is detected
in the second segment Tlb in process step 51521, the control
circuit 103 goes to the process step S15109.

In contrast, when it is determined that the induced
signal VRs exceeding the reference threshold voltage Vcomp is
detected in the third segment T2 (the rotation with a reserved
capacity with the pattern of (0, 0, 1, 1/0) in the process step
S1506, since the rank cannot be moved downward when the rank
n of the main drive pulse Pl is the lowest rank 0, the control
circuit 103 uses this main drive pulse P1 for the next drive
without changing the main drive pulse Pl (Steps S1507 and
S$1511}.

When the rank n is not zero in the process step 51507,

the control circuit 103 adds one to the number of times N (Step
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of times Nis reset to zero, and the procedure is returned to the process
step S1502 (Step S1510) . In other words, when the process fromthe process
step S1504 to the process steps 51505, and S1506 to S1509 are perforned
continuously by a predetermned of tinmes, the nmain drivegqgmli®dss noved one
rank downward. In the process step 51509, if the nunber of tinmes Nis not
t he predeterm ned nunber of tinmes, the control circuit 103 goes to the
process step 51511, and does not change the rank. As described thus far,
according to the stepping notor control circuit in this another enbodi nent,
t he rotatgpsos det gotd e gimide Ofot Neimd £PPi PgadWEST ai srdbvtdedihago t he
first segnment Tla for determning the rotating state of the rotor 202 in

the secong,my@dr ando liln thN& éasae;dtméagrienthzl Pank ot Setgfdniniingqthgenor mal

rotating stateo the rotor 202 in the'third quadrant 11, the third
segrrent gete erse f g t t he
‘ot or R R e R T R {ahnenst ﬁtﬁbgt

deternlnln verse rotating state the ro 202 in.the th
quadr ant Iq I?ehs a‘]e%tsatrgseg ﬁﬁ %%r?he ’t%qﬁ%%’ Océ:“fdo‘trhee Jtsoa&t%n?rgaltlo and,
when t he rotatlon detection circuit 110 detects the i nduced S|gnal VRs
exceedi ngtRRE TR HEER A 88Ro0l R Iagd veodP Ph B DIBDOIIESGE "Fhe
second segnent Tib, the main drive pulse Pl is controlled to be changed to
a main drPyeces sferql’f!l_thav@lﬁgc%ts$ Stg® BhePdyto AheRrofeas sttans 61 50he nor nal
| oad, the first segnment

and 851506 to S1509 are performed continuously by a

predetermined of times, the main drive pulse is moved one rank
downward.

In the process step 51509, if the number of times N is
not the predetermined number of times, the control circuit 103
goes to the process step S1511, and does not change the rank.

As described thus far, according to the stepping motor
control circuit in this another embodiment, the rotation
detection segment of the stepping motor is divided into the
first segment Tla for determining the rotating state of the
rotor 202 in the second quadrant I, the second segment Tlb
for determining the normal rotating state of the rotor 202 in
the third quadrant IlI, the third segment T2 for determining
the normal and reverse rotating state of the rotor 202 in the
third quadrant Il and the fourth segment T3 for determining the
reverse rotating state of the rotor 202 in the third gquadrant
Il in a state in which the increment of the load is small and,
when the rotation detection circuit 110 detects the induced

signal VRs exceeding the reference threshold voltage Vecomp in
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Tla is configured to be a segnent for determning the state
normal rotation of the rotor 202 in the third quadrant 111 i

of the initial
n the space

around the axis of rotation of the rotor 202 of the stepping notor 105, the
second segnent Tib is configured to be a segnent for detggpumioasd he state

of the initial normal rotation and the state of the initial

reverse

rotation of the rotor 202 in the third quadrant |11, the third segnment T2
is configured to be a segnent for determning the state of the initial

reverse rotation of the rotor 202 in the third quadrant 111,

and the fourth

segnment Tené Ss&adrid HEpebrio T1ke anhsegaentdf Die daiesaimi Ng thatgbatiedof
rotation after the initial reverse rotation of the rotor 202 in the third

quadrant blhe St ddhg HEiMeq Pl & Bs £ Rl 80 acqandingnke gihe

segnent in which the rotation detection circuit 110 detects

signal VRs excegfding fhe rﬁegaegee%rcif?rtg]l@ %(%%9{8(1 l\égldt’aggfth%%%t

by perform ng the dfive pulse co he "basi’s

eln

t he i'nduced

ggggggi_nanner,

si gnal

VRs generf%ed.in thg.rotati

i nt ercept

whi | e bei
fluctuati

A oF tHE
A5 he dtyl b bAVHDY THe VR &t dhE dot o LBopam ddscthird

ons of the load fromthe gear train or the like, so that the

gener at i oguafirahe Bkcessihe qpdse-apowont tid 23isreft rataedonhefelye
achi eving reduction of the current

rotor 202 of the stepping motor 105, the second segment Tlb
is configured to be a segment for determining the state of the
initial normal rotation and the state of the initial reverse
rotation of the rotor 202 in the third quadrant I, the third
segment T2 is configured to be a segment for determining the
state of the initial reverse rotation of the rotor 202 in the
third guadrant I, and the fourth segment T3 is configured to
be a segment for determining the state of rotation after the
initial reverse rotation of the rotor 202 in the third quadrant
I, so that the drive pulse is controlled according to the
segment in which the rotation detection circuit 110 detects
the induced signal VRs exceeding the reference threshold
voltage Vcomp.

In this manner, by performing the drive pulse control
on the basis of the induced signal VRs generated in the rotation
detection segment immediately after the interception of the
main drive pulse Pl, an accurate detection of rotation is
performed and the stability of the drive pulse control is

realized while being hardly affected by the variations or
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is perfornmed and the stability of the drive pulse contraol is realized



consunption. Also, the drive control with the adequate drive pulse is
enabl ed by accurately determ ned the reserved drive capacity, and the
efficient control of the corrective drive pulse is enabled, and the
reducti on of power consunption is achieved. Al so, the degweeoqfpddre reserved
drive capacity such as the normal driving state, the rotating state of the
rotor wwth the driving force slightly |owered, the rotating state of the
rotor without a reserved rotation capacity and so on nay be determ ned
accurately, so that the prevention of the erroneous determnation in

det er m natj @ @+ 1 H8s rof athoOn Ofq thent el gdas keldiabby kel nzed, Abso, the
behavior of the rotor imrediately before Dbecomng the non-rotating state

may be gragped Ry t%é?xét%d&’ﬁﬁg ofi gRal ’e§@e§§ﬁea5u§@‘éaﬁba%x§t’f%ilz h@%t an

efficient control e corrective drive pulse'is achieved,

contributes ,t0.the reduction of, power con i on. SO, . Ln | ogue
electroni%e?Fﬁ%b?% e ﬁ%%f%%yth%Chg?%ﬁ%?ngrﬁgngﬁlggr @%tagpﬁg %Egr?ﬁﬁe hands

and a stgggin notor control circuit for controlling the stepping notor,
si nce the“CRaeBPL2adri ve capacity is accurately determined, so that the
generation of the excessive pulse-up control is restrained 50 09P00106SG

t her eby achi eviMgs? eduee | dhive ¢pteal rehthcbhsuapensateafsdve puéventi on of
noving the rank of the main drive pulse downward to the nmain drive pul se
havi ng a poteertilald by acawse tieiley determined the reserved drive capacity,

and the efficient control of the corrective drive pulse is
enabled, and the reduction of power consumption is achieved.

Also, the degree of the reserved drive capacity such as
the normal driving state, the rotating state of the rotor with
the driving force slightly lowered, the rotating state of the
rotor without a reserved rotation capacity and so on may be
determined accurately, so that the prevention of the erroneous
determination in determination of the rotation of the rotor
is reliably realized.

Alsc, the behavior of the rotor immediately before
becoming the non-rotating state may be grasped by the induced
signal, so that an advantage such that an efficient control
of the corrective drive pulse is achieved, which contributes
to the reduction of power consumption.

Also, in the analogue electronic timepiece having the
stepping motor for rotating the time hands and a stepping motor
control circuit for controlling the stepping motor, since the
reserved drive capacity is accurately determined, so that the

generation of the excessive pulse-up control is restrained
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non-rotating state is achieved, so that an advantage that the cl ocking
action is perfornmed accurately is achieved. Fig. 13 is a flowhart show ng
the process according to further another enbodi nent of the present

i nvention. Although the enbodi nent shown in Fig. 12 is ¢anfioguesd to nove
the rank downward when the rotation is nmade conti nuously by a
predeterm ned nunber of tinmes (N tinmes), this another enbodinent is
configured to nove one rank downward when the induced signal VRs exceedi ng
the reference threshold voltage Vconp is detected once in the third segnent

T2 in thecps s S chitet iyl 5O8uandoh e AR Wdate: pghsamPlt iafn .t hat sbime is
not the |owest rank O (the process steps 51600, 51507, S1510, and 51511).

Al'so, this,-apother, ebadient +he Conf igurad 19 90110 d Bl S g6faRaskiep S1518
i mredi ately when it Iis determned that the induced signal VRs exceeding the

ref or encerheganalal yoLtage Now fgy deteal shodgihe Seen, Ji belg the

process st a rocess step nce t he necessity of
counting the nupber of tipes N is elimnated jn the,_anqther odi nent, the
ot al U SePET hGER et of it Hier 26PIEVEdE PO MOt it POMAIT A4 CRE prBless st ep
S1600, and_only the rank nis initially set to_the lowest |ank 51

09POOL06SE- 0Bk 1ng #RF§CENSENBRT ERBBEAMBRCWES bRV 15 RENSEBdvant ages  as

in the above-descri bed anot her enbodi nent are achi eved.
Fig. 13 is a flowchart showing the process according to

further another embodiment of the present invention. Although
the embodiment shown in Fig. 12 is configured to move the rank
downward when the rotation 1is made continuocusly by a
predetermined number of times (N times), this another
embodiment 1s configured to move one rank downward when the
induced signal VRs exceeding the reference threshold voltage
Vcomp is detected cnce in the third segment T2 in the process
step S1506 and the main drive pulse Pl at that time is not the
lowest rank 0 (the process steps 51600, 51507, 51510, and
S1511).

Also, this another embodiment is configured to go to the
process step 51518 immediately when it is determined that the
induced signal VRs exceeding the reference threshold voltage
Vcomp is detected in the segment Tlb in the process step S1505
and the process step S1521.

Since the necessity of counting the number of times N
is eliminated in the another embodiment, the initial setting
of the number of times is not performed in the process step

51600, and only the rank n is initially set to the lowest lank
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Since the necessity of counting the nunber of times Nis elimnated, the
configuration is sinple in conparison with the above-described anot her
enbodiment. Fig. 14 is a flowhart showi ng the process according to further
anot her enbodi nent of the present invention. Al though thepeohedisaent shown
in Fig. 12 is configured to change the main drive pulse to a main drive
pul se having a snmall energy when the main drive pul se has a naxi mum ener gy
(Steps S1513 and S1512), this another enbodinent is configured to go to the
process step S1511 and not to change the main drive pulse P1 when the nmain
drive pulge P1 driven in the process step S1513 is the maxi num energy after
havi ng driven with the corrective drive pulse P2. In this configuration,

when the state 0 AiCOnbRBe ! 8hBLEORChE POSE DI € tMd BakbeagRhAtdpkye pul se
is restored again as in the case where the |oad of the notor is restored to

the mnornpl %&a&ﬁebXb%%‘laegc‘é‘ihﬁdt %%o%%rerrecetrﬁb\é?c%ﬂ'ﬁéryt? Qx%sggﬁ)geveﬁhe mai n
drive pulse m having a maxinumenergy I's use or he nex rive, so that
the furthegr relkgble rotation with ths. mai n driveb uIs% Pl.Lmis ensured.

Ther ef or €22 Rfen t{Re &S t¥st At e CPENFESPor Y P HE %Bsg'mﬁ%ﬁ t'd afoid the
driving with the corrective drive pulse P2 is increased, so that the energy
52 09POOIDBHE "3RG nd-Hiss CanbaAtagéd o8 s admrhredn FPRPan5seR W i §li€har t

showi ng the process according to further another enbodi nent of the present
inventionabaygh@ggﬁribed another embodiment.

Fig. 14 is a flowchart showing the process according to
further another embodiment of the present invention. Although
the embodiment shown in Fig. 12 is configured to change the
main drive pulse to a main drive pulse having a small energy
when the main drive pulse has a maximum energy (Steps S1513
and $1512), this another embodiment is configured to go to the
process step 51511 and not to change the main drive pulse Pl
when the main drive pulse Pl driven in the process step S1513
is the maximum energy after having driven with the corrective
drive pulse P2.

In this configuration, when the state in which the
rotation is possible with themain drive pulse is restored again
as in the case where the load of the motor is restored to the
normal state by driving with the corrective drive pulse P2,
the main drive pulse Plm having a maximum energy is used for
the next drive, so that the further reliable rotation with the
main drive pulse Plm is ensured. Therefore, when the normal
state is restored, the possibility to avoid the driving with

the corrective drive pulse P2 is increased, so that the energy
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t he enbodi nent shown in Fig. 13 is configured to change the nmain drive
pulse to a main drive pulse having a small energy when the main drive pul se
has a maxi mum energy (Steps S1513 and S1512), this another enbodinent is
configured to go to the process step 51511 and not to cbapgelitlecrain drive
pul se PI  when the main drive pulse P1 driven in the process step S1513 is
t he maxi num energy after having driven with the corrective drive pulse P2.
In this configuration, as in the enbodi nent shown in Fig. 14, when the
notor load is restored to the nornal state by the drive with the corrective

drive pulserRg ofs thevdhkegebhelypessibikity to avoid the driving with the
corrective drive pulse P2 is increased, so that the energy saving is

advant ageous| y @chi quedg Janﬂ&mg%%m&&%@b%%%sdggebke@ﬂtgale@ve, the
pulse wdths are differentiated in order to change the energy of the

r espect | VRSB, AhLYRRURSSa Flen ERIEVEL o LR L XEABERAY  IPYnE fhanged

by changi'ng e pul'se voltage or IS also possible to"enploy a
main driv ul se P1 havi a choppin vef orm.of a copb-shape d changes
t he drivégggé? élﬁeﬁﬁeQ%ﬁV% Hivedp eliﬂg%ﬁ}%%%ﬁﬁﬁnggtﬂaaﬁaﬁbgﬁeof chops
or the duty ratjo. 53 09P00106SG The present jnvention naééalso be applied

to a stephihy HFotHr Rors®itiviengedcdreNgaPudret RBVEMRedi AMaddi ENBAI¥0 t he

ti me hands. _
when the main drive pulse has a maximum energy (Steps S1513

and S1512), this another embodiment is configured to go to the
process step $S1511 and not to change the main drive pulse Pl
when the main drive pulse Pl driven in the process step 81513
is the maximum enerqgy after having driven with the corrective
drive pulse P2.

In this configuration, as in the embodiment shown in Fig.
14, when the motor load is restored Lo the normal state by the
drive with the corrective drive pulse P2 or the like, the
possibility to avoid the driving with the corrective drive
pulse P2 1is 1increased, so that the energy saving is
advantageously achieved.

In the respective embodiments described above, the pulse
widths are differentiated in order to change the energy of the
respective main drive pulses Pl. However, the drive energy
may be changed by changing the pulse voltage or the like. It
is also possible to employ a main drive pulse Pl having a
chopping waveform of a comb-shape, and changes the drive energy
of the main drive pulse Pl by changing the number of chops or

the duty ratio.
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Al so, although the electronic tinepiece has been described as the exanple
of the application of the stepping notor, it nay be applicable to the

el ectronic instruments which use the notor. The stepping notor control
circuit according to the present invention may be appli ¢ao®to@sari ous

el ectronic instruments using the stepping notor. The el ectronic tinepiece
according to the present invention is applicable to various anal ogue

el ectronic tinepieces such as anal ogue electronic wist tinmepieces with a
cal endar function, analogue electronic stand clocks with a calendar
function as m'Th@%ﬂ&;é&ﬂf 1S rANAIOBHG gk 86tHONEp 1 1ddEaf eCcesept Agt he

cal endar function. 54 09P00106SG Wiat is clainmed is: 1. A steppling notor

control chECyitrSPNPEI$1RG: 2 8ck PEALL PN Het B6t 1 PR UDLt 28QREHGHr €d tQedetect a
detection signal generated by a rotation of a stepping notor and detect a

rotating stale, gﬁdghe stepping notor according to whether the detection
si gnal exceeds a predeternlned reference threshold voltage within a

pr edet er mi ned ectio nt or and .a control, unit confjigured to
control the drive®df t ‘?‘ﬁgpltﬁbe &I on& 18P ‘Eijrgi‘_"lstybgff2 mai n
drive pulses different in ener? fromeach other or a corrective drive
pul se ha¥¢PgrtargerenergyexManl ¢ nel r eRpedPPiecabiAndPEvENBUPSEPPING

motor, it may be applicable to the electronic instruments which
use the motor.

The stepping motor control circuit according to the
present invention may be applicable to various electronic
instruments using the stepping motor.

The electronic timepiece according to the present
invention 1is applicable to various analogue electronic
timepieces such as analogue electronic wrist timepieces with
a calendar function, analogue electronic stand clocks with a
calendar function as well as to various analogue electronic

timepieces with the calendar function.
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according to the result of detection by the rotation detecting unit,
wherein the detection segnent starting i mediately after the drive with the
main drive pulse is divided into a plurality of, three or nore segnents,
and the control unit controls the nmmin drive pul se accondipog 10&stche segnent
in which the rotation detecting unit detects the detection signal exceeding
the reference threshold voltage. 2. A stepping notor control circuit
according to claim 1, wherein the rotating state is detected with the
detection signal of the sane polarity of the respective segnents. 3. A

st eppi ng WA ©risoni & ohegi 1€it according to claim 1, wherein the contro
unit does not change the nmain drive pulse 55 09POOL06SG when it is

determ ned that; the SOI@L100 S8 QLALLM WiLBAUL cRmpRSerivRp capacity in
whi ch the main drive pu se as drive energy mnthout a reserved capacity. 4.

A steppi ng ot of GonthdloE! HBUEL agEr dhog tanekpiked, wherglnkhecont ol

unit changes the main Ve pulse t a nmain aving large energy

wh d h which th
i ve pul &€ tﬁég‘rai‘%%ﬂaeﬁ&edye%%%%ﬂf Qaaé“tottraetqf?a“ £t PoeekRolohSPer the

rotation. 5 A ste nmot or control circuit accordlng to claim .1, wherein
the cont rfid igtee aﬁ C3HENGeF RR BRI OB bt sBtEBPIRINAPROEr RGECHELEE havi ng

smal|l energy when it is determ ned
to” whether the detection signal exceeds a predetermined

reference threshold voltage within a predetermined detection
segment or not; and

a control unit configured to control the drive of the
stepping motor with one of a plurality of main drive pulses
different in energy from each other or a corrective drive pulse
having large energy than the respective main drive pulse
according to the result of detection by the rotation detecting
unit,
wherein the detection segment starting immediately after the
drive with the main drive pulse is divided into a plurality
of, three or more segments, and the control unit controls the
main drive pulse according to the segment in which the rotation
detecting unit detects the detection signal exceeding the
reference threshold voltage.

2. A stepping motor control circuit according to claim
1, wherein the rotating state is detected with the detection
signal of the same polarity of the respective segments.

3. A stepping motor contrel circuit according te claim

1, wherein the control unit does not change the main drive pulse
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to be a rotation with a reserved capacity in which the main drive pul se has
drive energy having a reserved capacity. 6. A stepping notor control circuit
according to claim 1, wherein the control unit drives with the corrective
drive pulse and then changes the nmain drive pulse to a g®rpodnicge pul se
having | arge energy when it is determned that the stepping notor is not
rotated. 7. A stepping notor control circuit according to claim 1, wherein
the detection segnent is divided into a first segnment inmediately after the
drive with the main drive pulse, a second segnent after the first segnent,

and a thiyxksagmest datéenihbe t6£EHE segBiton &s A sbeppling wotROuEONt r ol
circuit according to claim 56 09P00106SG 7, wherein the control unit does

not change fthe mpdd didye Pyl ¢ wihan e fpiRtaphvdeseesbngaynhtidet ects
the detection signal ‘exceeding the reference threshold voltage in at | east

the fi t t . 9. A st i t t |
ci?cu::Sé%%%&%?ﬁg{%@§%#a?ﬁ¥é%§9€%%$§?ﬁ§?%gyéontrzlegg:?gdggsoaofogh;gge t he
nain drive pulgﬁ mhgn t he rotation dﬁte tin? uni,t deteﬁts t he ditection
signal exceeditg’t R&SPEFEERRCE EnFEEREPY GOFFLYE FRCERFFIGE tRef R

segnent, the second segnent, and the third segnent. 10. A step&ing not or
control chr IR XER IrRF rigPRlor el aid & Chameeei hhe meatontF dVeuRPE S8hhfAges t he

main drive pulse to a main drive pulse having |arge energy when the
rotati on @ main drive pulse having large energy when it is determined

to be a rotation with least energy in which the main drive pulse
has drive energy having least required drive energy for the
rotation.

5. A stepping motor control circuit according to claim
1, wherein the control unit changes the main drive pulse to
a main drive pulse having small energy when it is determined
to be a rotation with a reserved capacity in which the main
drive pulse has drive energy having a reserved capacity.

6. A stepping motor control circuit according to claim
1, wherein the control unit drives with the corrective drive
pulse and then changes the main drive pulse to a main drive
pulse having large energy when it 1is determined that the
stepping motor is not rotated.

7. A stepping motor control circuit according to claim
1, wherein the detection segment is divided into a first segment
immediately after the drive with the main drive pulse, a second
segment after the first segment, and a third segment after the
second segment.

8. A stepping motor control circuit according to claim
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detecting unit detects the detection signal exceeding the reference
threshold voltage only in the first segnent and the third segnent. 11. A
stepping notor control circuit according to claim 7, wherein the contro
unit changes the main drive pulse to a main drive pul sechagicngelsar ge ener gy
when the rotation detecting unit detects the detection signal exceeding the
reference threshold voltage only in the third segnent. 12. A stepping notor
control circuit according to claim 7, wherein the control unit changes the
main drive pulse to a nmain drive pulse having snmall energy when the

rotation 7 deheetiingc michndelactsit kR dehoetirihgd ghal nexserdikgptbee
reference threshold voltage only in the second segnent. 57 09POOL06SG 13. A

st eppi ng s&ﬂ%r?rth‘éo%rtgltl%hr&é”cécé‘?ﬁ?ﬂ%i‘@ det &diad ne quheceiiBnt begrantrol
unit changes the main drive pul se a main drive pul se having Snall er

ener gy ""“ﬁp%éé‘& f QAL P0¢ ﬁ@ﬁ@%ﬁh&%végﬁfd 98‘1@%&% 1he detectiqn i goal

exceedi ng erence resho age only in the second segnent and
the third segnent A stepping nmotor control circuit according to claim
12, wher et % tc%%ﬁr%?euﬁ??ogﬁaﬁ g@ePge main drive pulse to a main drive
pul se having small energy when the rotation, 6 detecting unit detects t he

detection signal- éxEEEHHEGT RO LOreFEREALE FHF@§H6I8¢§8F§&@& &Rcelarm

consecutively by a predeterm ned nunber of times only in the second segnent
or 7, wherein the control unit does not change the main drive pulse

when the rotation detecting unit detects the detection signal
exceeding the reference threshold voltage in all of the first
segment, the second segment, and the third segment.

10. A stepping motor control circuit according to claim
7, wherein the control unit changes the main drive pulse to
a main drive pulse having large energy when the rotation
detecting unit detects the detection signal exceeding the
reference threshold voltage only in the first segment and the
third segment.

11. A stepping motor contreol circuit according to claim
7, wherein the control unit changes the main drive pulse to
a main drive pulse having large energy when the rotation
detecting unit detects the detection signal exceeding the
reference threshold voltage only in the third segment.

12. A stepping motor control circuilt according to claim
7, wherein the control unit changes the main drive pulse to
a main drive pulse having small energy when the rotation
detecting unit detects the detection signal exceeding the

reference threshold voltage only in the second segment.
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only in the second segnent and the third segnment. 15. A stepping notor
control circuit according to claim 7, wherein the control unit drives with
the corrective drive pulse and then changes the main drive pulse to a main
drive pulse having |l arge energy when the rotation detecbibrgounictscdoes not
detect the detection signal exceeding the predeterm ned reference threshold
voltage in the second segnent and the third segnent. 16. A stepping notor
control circuit according to claim 1, wherein the detection segnment is
divided into the first segnent imediately after the drive with the main

drive pul se, tie, gesepgpsagmeotoafdsittdhe divati segmRididdeot Bladmsegment
after the second segnent, and a fourth segnent after the third 58

O9POOLO6SE FROPEM - tHd - cdh SEEPPLAD: MU LR EONE KO &t hCYEL vBCERIEENG L O Claim
16, wherein the control unit changes the nmain drive pulse to a main drive

pul se having, | A ge; S0°KAYSBNAAL LN, LALANON o ABEPting, Ule fefectnt he

detection signal exceeding t erence thr d voltage on

second segnent..18. A,stepping nmotor control circuit .accordi to . claim 16,
wherei n (eSOt P9 Ulitt CEhagss the BalRCar Ple PASd (TS MIH HRFve pul se
having | arge energy without driving wwth  the corrective drive pul se when
the rot atfoFeERRERtHHE UM LA VadteSrsOr b deitd6t PBACRAGIRIMYXc&8d RBet he

reference threshold voltage in the second segnent and also in the third
segment third segment.

14. A stepping motor control circuit according to claim
12, wherein the control unit changes the main drive pulse to
a main drive pulse having small energy when the rotation
detecting unit detects the detection signal exceeding the
reference threshold voltage once or consecutively by a
predetermined number of times only in the second segment or
only in the second segment and the third segment.

15. A stepping motor control circuit according to claim
7, wherein the control unit drives with the corrective drive
pulse and then changes the main drive pulse to a main drive
pulse having large energy when the rotation detecting unit does
not detect the detection signal exceeding the predetermined
reference threshold veltage in the seccond segment and the third
segment.

16. A stepping motor control circuit according to claim
1, wherein the detection segment is divided into the first
segment immediately after the drive with the main drive pulse,
the second segment after the first segment, the third segment

after the second segment, and a fourth segment after the third
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or in the fourth segnment. 19. A stepping notor control circuit according to
claim 16, wherein the control unit drives with the corrective drive pulse
and then changes the nmain drive pulse to a nain drive pulse having |arge
energy when the rotation detecting unit detects the detegrioon ogisgnal
exceeding the reference threshold voltage in the second segnent but not in
any of the third segnent and the fourth segnent. 20. A stepping notor
control circuit according to claim 16, wherein the control unit does not
change the main drive pulse when the rotation detecting unit does not

det ect the=gmiledtection signal exceeding the reference threshold voltage in
the second segnent, but detects in the first segnment and the 59 09P00106SG

third segment. 24, pAss_?e?B@h@gma%Qrc&@ﬁéplcipﬂd&w aReBAAH e S e18kai m 16,
wherein the control unit changes the main drive pulse to a main drive pul se

havi ng s I 3 t ati:qn i I n tect the
det ec'?i onnﬁgi gna %%%%&%I{]% ?Jttar#lgr gr}?%gltg%%r 5%01’*‘%1&0??333 Pkltg%e‘é?i rst

d th d ‘but .d ' h hi . 22, A
St oppi ng foPOF FARura Rt Ear Po5ba0r AR q coar AT PEET U P RebhoBont ro

unit changes the main drive pulse to a main drive pulse having small energy
when the Fot&ETHRI HBﬂEcﬁ%ﬂ?QHﬁttQﬁn@%F@CFH@ndéﬂgﬁéinp%ﬁ%ﬁﬁﬁg%xgg@ding t he

reference threshold voltage once or consecutively by a
reference threshold voltage only in the second segment.

18. A stepping motor control circuit according to claim
16, wherein the control unit changes the main drive pulse to
a main drive pulse having large energy without driving with
the corrective drive pulse when the rotation detecting unit
detects the detection signal exceeding the reference threshold
veltage in the second segment and also in the third segment
or in the fourth segment.

19. A stepping motor control circuit according to claim
16, wherein the controel unit drives with the corrective drive
pulse and then changes the main drive pulse to a main drive
pulse having large energy when the rotation detecting unit
detects the detection signal exceeding the reference threshold
voltage in the second segment but not in any of the third segment
and the fourth segment.

20. A stepping motor control circuit according to claim
16, wherein the control unit does not change the main drive
pulse when the rotation detecting unit does not detect the
detection signal exceeding the reference threshold voltage in

the second segment, but detects in the first segment and the
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predeterm ned nunber of times only in the third segnent. 23. A stepping
notor control circuit according to claim 15, wherein the control unit
drives with the corrective drive pulse and then changes the main drive
pulse to a main drive pulse having small energy by a predepenmeased anount
when the driven main drive pul se has maxi mum energy. 24. A stepping notor
control circuit according to claim 19, wherein the control unit drives with
the corrective drive pulse and then changes the main drive pulse to a nmain
drive pulse having small energy by a predeterm ned anount when the driven
mai n dri weh il SeedyasnvBxi num energy. 25. A stepping notor control circuit
according to claim 16, wherein the control unit drives with the corrective

drive 60 09POC1063GstRULIE gL e, changes: tNe tRidtHd My Y 82atil @ main
drive pulse having m ninmumenergy when the driven main drive pul se has

maxi mum e'r g%ﬁne[tl?%j'[n ﬁnk;ﬁet[ %g:?{-tr}%ln%{i[]t (\C(?l%tnig?s Cr:ihre_c Hiiati nafa‘f(l%i EQ 168 ¢ éai m 15,

wherein t Ives wth the rrective drive pulse and then
does not change the main driv ﬁglse g%ﬁﬁ#the drivgn i.n drige Qulse has
maxi mum ehelgyn 51V SORhTT nGaNOrSr Shtt of TRF UM SRe cord RgLEb 8 ai m 19,
wherein the control unit drives with the corrective drive_ pul se and then
does not RGBT Ro&S Det gt seChner e eddidres ig8ad 8XFG8pliPse has

maxi num energy. 28. An anal ogue el ectronic tinmepiece having a stepging
the reference threshold veoltage in the first segment and the

second segment, but detects in the third segment.

22. A stepping motor control circuit according to claim
16, wherein the control unit changes the main drive pulse to
a main drive pulse having small energy when the rotation
detecting unit detects the detection signal exceeding the
reference threshold voltage once or consecutively by a
predetermined number of times only in the third segment.

23. A stepping motor control circuit according to claim
15, wherein the control unit drives with the corrective drive
pulse and then changes the main drive pulse to a main drive
pulse having small energy by a predetermined amount when the
driven main drive pulse has maximum energy.

24. A stepping motor control circuit according to claim
19, wherein the control unit drives with the corrective drive
pulse and then changes the main drive pulse to a main drive
pulse having small energy by a predetermined amount when the
driven main drive pulse has maximum energy.

25. A stepping motor control circuit according to claim

16, wherein the control unit drives with the corrective drive

60



notor configured to rotate tinme hands, and a stepping notor control
configured to control the stepping notor, wherein the stepping notor
circuit according to claim 1 is used as the stepping notor control

contr ol
circuit.
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pulse and then changes the main drive pulse to a main drive
pulse having minimum energy when the driven main drive pulse
has maximum energy.

26. A stepping motor control circuit according to claim
15, wherein the control unit drives with the corrective drive
pulse and then does not change the main drive pulse when the
driven main drive pulse has maximum energy.

27. A stepping motor control circuit according to claim
19, wherein the control unit drives with the corrective drive
pulse and then does not change the main drive pulse when the
driven main drive pulse has maximum energy.

28. An analogue electronic timepiece having a stepping
motor configured to rotate time hands, and a stepping motor
control circuit configured to contrcl the stepping motor,
wherein the stepping motor control circuit according to claim

1 is used as the stepping motor control circuit.
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