09P00106SG STEPPI NG MOTOR CONTROL Cl RCUI T AND ANALOGUE ELECTRONI C

TI MEPI ECE BACKGROUND OF THE I NVENTION 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 notgupgeNdEHE
circuit. 2. Description of the Related Art In the related art,
a stepping notor including a stator having a rotor storage hole and a
posi tioning device which determ nes the stop position of the rotor, a
rotor disposed in the rotor storage hole, and a coil, and being

conf i gur edSTEPFIRIGMOTORe CONTBOLLE IBOPPT yAND ANAIAIGUH MAHOTGONIgGNal to
the coil to generate a magnetic flux in the stator and stop the rotor
at a posi tTfERGITEeSsponding to the positioning device is used in an
anal ogue el ectronic tinmepiece or the like. As a control system
of the stepping notor, a correction drive systemconfigured to detect
whet her the stepping notor is rotated or not when the stepping notor

is driven with a nmain driBRCRERSEND byr deieaNvEgTaOfet ection signal on
the basis of an induced voltage generated in the stepping notor and,

dependi ng bn mheliderf ahenghvieheisheppi ng notor is rotated, changing
the main drive pulse to a main drive pul se having a different pul se
wi dth for driVimheﬁ&eééﬂﬁﬁhﬁﬂntf@h%b@Q@éQ@oeasteppingmotorcontrol
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 motor
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 rotated,
changing the main drive pulse to a main drive pulse having a

different pulse width for driving, or rotating the stepping

!



09P00106SG notor forcedly by a corrective drive pulse having a | arger
pul se wdth than the main drive pulse is used (for exanple, see

Pat ent Docunent JP-B-61-15385). According to Patent Docunent
JP- A-57-17884, a drive control of the stepping notor isgpechonged in
two segnents of the induced voltage, and in one of these two segnents
(a segnent in earlier time) , control to nove the rank of the pul se
downward is perforned for a detected voltage according to the two
pul se states. In the |later segnent, determ nation of the rotation of
t he rotor niccgrefdorantly by a corrddiel ypud sive el siesh goeirfooa Fed getreru tdwe
earlier pulse is lower than the detected voltage and the |ater pul se
i s hi gher wikiam then dekacd 5ddyolé a0 seAl s asetihgf qubsemplet eckied@r tdme
for the pul se-down control is changed regularly, so that the | oad
vari at i onpafigetet ect-ed candssensed at regul ar intervals.

According to Patent Docunent W2005/119377, when detecting the

rotation of thenskepping MRl FatedtUMdeuintCPH-I5TG1g8E4, a drive
discrimnating a detected tinme and a reference tine in addition to

the detectdt@f) blerWetLEIAMGShENSt iisSpRir@virfied BNdwol Eeffiénts of
detection signal is lower than a predeterm ned reference threshold

vol tage VoaiR;ahh&td RVMiRGe!, it €6 oneo B ARBENGJTBE Ghe it & N a8s ddrhdh L
drive pulse PIl, a corrective drive pulse P2 is outputted and a nmain

drive pul sg, Blrf9tr t&e)SXodd B £8 r@haNGRd rhAkaBE Re Pl kR BoSeaid2

having a | arge energy than the main drive pulse PII for driving. Wen

09P00106SG g4 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 reqular intervals.

According to Patent Document W02005/118377, 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 time when rotating the rotor with the main drive pul se
P12 is earlier than the reference tinme, the main drive pulse P12 is

changed to the main drive pulse PII, and the rotation is made with
the main drive pulse Pl according to a |load during the depverossct hat
the current consunption 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 mass production, one of detent
torques (tidregdesechianitimg vhehaatattdmagathe etioni vivh Yesireiomr ifusr
the rotor polarities corresponding to an first termnal OUT1 and a
second t erprilsal POG112 efrkiel ithencohk bebtormescditgmeandhthea ot kbrivene
becones | ow. Therefore, the present inventions in the present
i nvent i onpulisscl®Msedi § retRatgsnt oo dume st mrethtiiven i Jatzo v Thaemds udte a
probl emthat the rank of the drive pulse may be noved downward to a
drive pul sstatiicn daumade tyietmarker obdhi dgied ghvd,sea®d bencedihe tdelay
m ght be resulted when the erroneous determi nation is occurred,

wher eby t hieddinbiniony ashd hix idayemecehdts ithpatuetbnt consurddi®n is
specifically, the induced voltage i nduced between the detection
segnent s genrcald.y tends to cause a delay in tine of generation of
the detection signal when the reserved drive capacity is reduced.
Dependi ng on t h@icwakkal i amen rtHRardéscaitriQQRG0IN6 Sehé hestbuchuatdnens
in |oad, even though the reserved drive capacity of one of the

pol ariti esdisp Iredueed, bbbecONitHE Jeoserved FAFime GARACIKELY FEFEE BHd N
the other polarity, which mght cause a difficulty in discrimnation

fromthe diHe/ecamddy acresaevedaaRAGdNe is signlfiédhs @a8Ciol ttHeS
determned to be the drive with a reserved capacity, and the main

drive pul sgdisitalarge dasApBRACHILNE dHd 88 d g rerahbsr (iR s
energy. However, there m ght be a case in which the output |n one of

the pol aritd esihas iROchesesMed &apasi Lyi yi 4D adylscl%a}n%g £8d v e
pul se, and hence the rotation m ght be disable
polarities corresponding to an first terminal OUT1 and a second
terminal OUTZ2 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 erroneocus
determination is 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



Also, in the corrective drive systemin the related art, since the
drive is performed with the main drive pul se having a m ni nrum ener gy,
there is such a problemthat the rotor is brought into the
non-rotation state with the mninmumdrive pul se after hagpogioesed
downward in rank and, if the erroneous determ nation in detection of
rotation is occurred at this tinme, the delay is resulted and the
function as the tinepiece is inpaired. According to the

el ectronic tinepiece disclosed in PatentDocunent JP- B-6-3345/, the
rotating dhet ef hgctdettdromsneith bjoaldt eevemgthheghotatei ngsstraedofdnie
stepping nmotor in a plurality of detection segnents (first segnent
and secondeagegnent )of Thes def ethengbilenivies heésr ateaticed, | $hacmuevyed by
detecting the rotating state by the detection signal generated
09P00106SGesarveeingvdrcamacitist reinhéndr i vethpulot@erapdlahiet §j ngtich
segnent is a segnent for detecting the rotating state by the

det ecti on ngigHtakafbe @naiof i ¢het pahadi $deimimad drhérseadrddsegannitt s
a segnent for detecting the rotating state by the detection signal of
the other Ppalydrivedorabheibasis of the result of determination in the
first segnent. In this manner, since the detection is nade in only
one segment withneaghspehaé] tys il drmisehcad peobhemitivd dieh a
accuracy of determnation is low, and there is a risk of noving the
rank of thedmivedidapgachElseartr onequslyy Hawanpidskoi aNBhingéd Vo a
pul se having a potential to cause the non-rotating state. so, since
the detectipn beiyRA% Md RaQRBgMhyE fbsevEaineagh Pabaelby, tlere
is such a problemthat the detérm nation of the rotation is

conpl i cat &gho1aAnaf Be scal & Qfhildpe tabr S but Si fliGRAVRNE RIS ¥ities

i ncreased. MVARY OF THE | NVENTI ON It is an object of the
present | YANGIORCLAPLEVEa & (TRLA Ll LHEs Rl SR dd ARLACLRG EYRkd 0 3

rank havi ng a potential to cause a non-rotating state.

Accor di ng Ly bty RN okBYSBR Allgnt NSE Cul Soiprgy ded a st eppi ng

notor control circuit including a rotation detecting unit configured

to detect a det ogtion: sigaalo OPOSE AILH DY o2 f LA kAN 1218t EAIAY

notor and detect a rotating state of t eppl ng notor according to

whet her 't he; (el @bl 9p; 5L GNALS¥EERAS 1 d¥ edet £L M 64 JLEEI 80 aving
t hreshol d voltage Withih a
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



09P00106SG predet erm ned detection segnent or not; and a control unit
configured to control the drive of the stepping notor with one of a
plurality of main drive pulses different in energy fromeach other or
a corrective drive pulse having a | arge energy than thegwespectsye
main drive pul se according to the result of detection by the rotation
detecting unit, in which the detection segnent starting i nmedi ately
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

t he mai n dvliare bpdngedateen diind tbetdrel segnEse, i anatiheh fietro¢gredn
detecting unit detects the detection signal exceeding the reference

t hreshol d volat agegnent for ddbectdei®@chearn segirenstatarkdy nei dereckdatal vy
after the drive with the nmain drive pulse into a plurality of, that
is, three sigmnk efsegeeaf sthamed lishe tdent, r ohd uriid searinkiobsgtnhet nbs i
drive pul se according to the segnent in which the rotation detecting
unit det ecésgridre: dftde cde toat-tsirgnat hee xomedh ingy tdreatreefiey efice dé&t estiodr
vol t age. Here, the detection segnment nmay be divided into a

first segnengnaimeditdielothafrt @oltle tgr bethet Bashe R thariryeupulse,
a second segnent after the first segnent, and a third segnent after

t he seconddsegimitiation in thE€1det etlgmentsegrenthiktyame: d) wided 41 o
the first segnment inmediately after the drive with the main drive

pul se, thedsesonihrsegiitle ah e ¢ bige EebRbnsagr@Ntack R 1LHIRG, S@onENt
09P00106SG
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
erroneously 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
Lo 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



after the second segnment, and a fourth segnment after the third
segnent . According to the present invention, there is provided
an anal ogue el ectronic tinepiece having a stepping notor configured
to rotate time hands, and a stepping notor control circgbbggopésgured
to control the stepping notor, characterized in that anyone of the
above-descri bed 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 from being
moved to graficdmdineg depetenthabeymesause mononmdtatdagsilatuniits
achi eved. According to an anal ogue el ectronic circuit in the
present i niidquhedptewiitren ohe tdre venbh td ¥eepplag fatad bethdne
noved to a rank having a potential to cause the non-rotating state is
achi eved, &P o batrbheracetnatie akreoki pg1 864 iIAIT fereaghiigveder SRl Ffom

DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a block diagramof an
anal ogue el£af s bk@ﬂicﬁ%cﬁqw dirnget SuBse eadigrant aphe tdvergy
present invention; Fig. 2 is a configuration drawi ng showing a

st eppi ng oy tqh%eéesﬁe&@fv@ra@éﬁg@%l%egaiQé"é“cddxr@mge% 8RE0F g € O

t he enbodi nent of the present invention; Fig. 3 is atimng chart for

expl ai ni ng, £ hge @GL4 h Yy the rotation detecting 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 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.

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



09P00106SG a stepping nmotor control circuit and the anal ogue

el ectronic tinmepiece according to the enbodi nent of the present

i nventi on; Fig. 4 is a determnation chart for explaining the
action of the stepping notor control circuit and the analeguegssg

el ectronic tinmepiece according to the enbodi nent of the present

i nvention; Fig. 5is a flowhart show ng the action of the
stepping notor control circuit and the anal ogue el ectronic tinepiece
according to the enbodi nent of the present invention; Fig. 6

is a fl owchirer shewsagonrdheegoendbn afd ahiowst Bppieggenbtafteootheothird
circuit and the anal ogue el ectronic tinmepiece according to anot her
enbodi nent segmee. present invention; Fig. 7 is a flowhart
showi ng the action of the stepping notor control circuit and the
anal ogue el ect r uapddimgpicecehaceossknity itroresitiilon, anather i enposck haad

of the present invention; Fig. 8 is a flowhart show ng the
action of &heaghippuagel®tOEonObt tOhepl €8 haaidgt Re SNAIAGE motor
el ectronic tinmepiece according to still another enbodi nent of the

present inysmfi@iied to rotate time hands, and a stepping motor control
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 CF THE DRAWINGS
Fig. 1 1s 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. 9is atimng chart for explaining the action of the stepping
motor control circuit and the anal ogue el ectronic tinepiece according
to still another enbodi nent of the present invention; Fig. 10
is atimng chart for explaining the action of the steppigpgoietos
control circuit and the anal ogue el ectronic tinmepiece according to
still another enbodi ment of the present 09P00106SG i nventi on;

Fig. 11 is a determnation chart for explaining the action of the
stepping notor control circuit and the anal ogue el ectronic tinepiece
accor di ng 4 a@dgdingamet bercanbasdi mertuot dhe ypreseant ogneealeotyonic
Fig. 12 is a flowhart show ng the action of the stepping notor
control cifoikdpiafidatbsranay egumeebmsddionint b MRl Rees AN Oh déimgi 410;

still another embodi ment of the present invention; Fig. 13 is
a flowchart showting 4he agkiern@hathen sheppi NYr BRHOAIAYNY the £¢t Lot t
and the anal ogue el ectronic tinmepiece according to still another

enbodi ment . of the Praseily | RYesEi @ntrol circuit and the analogue
electronic timepiece according to the embodiment of the present
invention;

Fig. 5 is a flowchart showing the action of the stepping
motor control circuit and the analogue electronic timepiece
accoxrding 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 action 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. 9 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



Fig. 14 is a flowhart show ng the action of the stepping notor
control circuit and the anal ogue el ectronic tinmepiece according to
still another enbodi nent of the present invention; and Fig. 15
is a flowmhart showing the action of the stepping notor eepbrobss
circuit and the anal ogue electronic tinmepiece according to stil

anot her enbodi nent of the present invention. DESCRI PTI ON OF THE
PREFERRED EMBODI VENT Fig. 1 is a block diagram show ng an

anal ogue el ectronic timepiece using a stepping notor control circuit
accordi ng {ovemtewbodi nent of the present invention, which is a
common bl ock diagram for respective enbodi ments described | ater
showi ng an exanpigy.ofllani@anal dgtierel et yoni chawt sfoti eppleieing the
09R00106SG In Fig. 1, the anal ogue el ectronic tinepiece

i ncl udes aacbsem |ldfathensidpriid md0a r confti rgur ed rtai gemed athe ansignad
having a predeterm ned frequency, a frequency divider circuit 102
confi gur edel ectlionm e thhepsegbal ccganmat €6 dui ithenoskét ledbiodimeht Caif t
101 and generates a clock signal which is a reference of clocking, a
control citgdiprdOshconfiggities;t o performcontrols such as control of
respective electronic circuit elenments which constitute an electronic

timepi ece or contipl 100 £HaNGRichalitl o hed it oPUWHEEs E8hELHE G ON
circuit 104 configured to select and output the drive pulse for

rotating thetoPt&Int¥bl RQ RAskSanl @h@qﬁglqidq@ @nal-thbam-t hengond ol
circuit 103, a stepping notor 105 configured to be rotated by the

drive pul sgckspMmAdeodt Ve DS SEMEEH1 RN ChE G p A0 ntan fOM DYYE
di splay unit 106 having tinme hands (in the exanple shown in Fig. 1,

three types of hands)such,as Adiue DR P €hedn di 4 85 haRds 408, apd
a second hand 109) rotated by the stepping notor 105 for displaying

the tinme, f.tofatdM-SelaclhqR shackhs aﬂrﬂﬁc@ﬁjgfe i?%rc%@o )ch%ﬁ@gi@ce

detection signal (also referred to as an In si gha

| ndi cat i NgatBg, § QLG LG A8 HATADE SHERPHBLHIE AL 051 k0o s on;

predet er mi ned detetCtion segnent, etection segnent

deter i nat i on ciggyl 4oLl oonfigunedst 0, 8} Rl 1A M 6B SEOBENL 1

det ection signal _ detecte om by conparing the tine _
rotation dgbesti G CWUirctie daberhs 4R dpteehion shopal ik sl ch
exceeds a predeterm ned reference thresho ol tage Vconp an e
according tostill 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

exXample of an analogue electronic wrist timepiece.



09P00106SG det ect ed segnent. As described later, in this enbodi nent,
the detection segnent for detecting the rotating state of the
stepping notor 105 is divided into three segnents. The
rotation detection circuit 110 has the simlar configuratipgniassthe
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 which
exceeds the predeterm ned reference threshold voltage Vconp when a
rotor makes a cdhstint. ¢,f akt actlomasliavtduamicasémepivhechnthedes
stepping notor 105 is rotated, and the detection signal VRs does not
exceed t heati ebet ence: idn eshahd tvdltlagen¥egapedhen theerateradsegnabt
make the constantly fast action as in the case in which the stepping
nmot or 105 h&vied o ptadetermined fréhaense] |d dkbquenty cliivi db@lcanduihe
frequency divider circuit 102 constitute a signal generating unit,

and the anghogusoriiispiray ubbt dOGi@ONShiet usegnalt igendgimplay iuni the
The rotation detection circuit 110 constitutes a rotation detecting

unit, and b8€icoMIS Qirauitt 1d03nd ?@né‘fét\!@s RULS8cRed Bpld ORhGichCUkt
104, the rotation detection circuit 110, and the detection segnent

det er m nat  of £d F&ritld o¥1L160RShE ! W @cAte8Nt £OLc 1103 confighkBa 2ol s
a configuration drawi ng show ng a stepping notor used in the

enmbodi ment ,@L-rLRR PLRERHIs | BYEATLONCcoRPEL] So ¢aBhEEUERET DBt a¥H 1S
of the stepping notor which is cormon 09P00106SG for respective

Tora [t eat e st A ool Mppt ot o
U1 Mepl eCeSontrol to change a drive pulse, adrive pulse selection circuit
104 configured to select and output the drive pulse for rotating
the motor on the basis of a contreol 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 ah induced signal) VRs indicating the rotating state from
the stepping motor 105 in a predetermined detection segment,
and a detection segment determination 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 wvoltage Vcomp and the

10



In Fig. 2, the stepping notor 105 includes a stator 201 having a
rotor storage through hole 203, a rotor 202 rotatably di sposed at the
rotor storage through hole 203, a magnetic core 208 joined with the
stator 201, and a coil 209 wound around the magnetic corgp8os¥hen
the stepping notor 105 is used in the anal ogue el ectronic tinmepiece,
the stator 201 and the magnetic core 208 are fixed to a base panel
(not shown) by screws (not shown), and are joined to each other. The
coil 209 includes a first termnal OUT1 and a second term nal OUT 2.
The rotor @oediedmgnaehized Amtlestnwibpdliarit e {Bipaimbahidnedipotie) .
A plurality (two in this enbodi nent) of notched portions (outer

not ches) 208étaridi @0 7segreeritor firad datart iog erhendbiporinonsodtd hef stlat or
201 forned of a nagnetic material at positions opposed with the

i nt er nedi asyembindenatoiorl 5t drsage viiHedughtbotler 20 edoovigled bet ween
the respective outer notches 206 and 207 and the rotor storage

t hrough hol e 203ty ersedti@bl depotti@nsc2iOubnd12tl has the dheilar
saturabl e portions 210 and 211 are configured so as not to be
saturated tonfogmeitison by ahaagheition Hexcot ihhacrahort 22 crapddt i be
saturated in magneti smwhen the coil 209 is excited, thereby

i ncr easi ngpébentraWiRineh tf @51 ShangR rzhgréﬁ&@rtrsﬁégmei neugh Mebfo
203 is configured into a circular 09P00106SG hol e shape forned

integral lyiwiddt aopdukall F¥1 98 t3RM Ehé MRl 100! §8ese POsH icQReul kNNes
not ches) 204 and 205 in a portion on the opposite side of the through

hol e havingege&ts CULRE CQBEOMEion signalh® WiRd Chpsh POT theRS.204 and
205 constitute a positioning device for determ ning the stop position

of the rot gﬁea@@enﬁhém%&@%ﬁcb%M%M%@%bé@@mﬁﬁ WHdn %XEbE&E’

the rotor 202 is stably stopped at a position corresponding to the

posi ti oni ng, deyi £e-a%s SO 1#h el Gcrdonl BsOLHCERWOLDSe h QnPOSIEAON
where an axis of nmagnetic poles A of the rotor 202 intersects a

segment cogpggting M%mto%h&g POrLions 204 @and 2030N toh099§§5iyv;£@t

an angl e- DO posi tion) Y coordi naf e’ space about an axis

rotation (8§@§ ‘%{otoéxéé’éé‘tt'h%n}e % rh?eh"tﬂt:géhgi’g V’o@)t%'g\é' $E8mb r‘l:th%n

guadrants (first quadrant guadr ant

squar e wvgo%t VRdhse Jﬂm %eoesgeéaﬁbfy Hﬁisecsahﬁléﬁpﬂ, Oﬁ%h@g&%}ﬁ

drive pul se selection circurt 104 between termnal s

2 of the cojl 209 (fins §ngB@ %,m%tggs bEVesPRL dﬁﬁ% first term nal

QUT1 and a negative pole to "Fe secon term na and a current i

is flowed in thepdir _1f¥%ﬂ1@qi8§%891@y1 éHd‘%Nd 2 El en%g &E$1d C

magnetic flux in the direction in |cated an arrow I ne

| generat eg, i, { heoSt abac. 203, AGearding! v ente*%%ts_%gunﬂate PRI | OO

210 and 211 are saturate e mag etlc esistance 1S |ncrease
then, th t.ed h
s b BASSoR0RSEIRFAALACA Y coqalPy e SeRALoL UL LA e

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
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09200106SG 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 an angl e-01 position. The
direction of rotation (counterclockw se direction in Figsrddpidesc
causing a nornmal operation (a tinepiece hand advanci ng operation
since it is an anal ogue electronic tinepiece in this enbodi nent) by
rotating the stepping notor 109 is referred to as a normal direction
and the opposite direction (clockwi se direction) is referred to as an
reverse dif®@ckkdpective embSuhsequenidsyriwkeanl & esguahewivay endexareple
pul se of an opposite polarity is supplied fromthe drive pul se

sel ecti on &f reuiteplhgt @otbe tern nalmefQdEe ahdcBUTR génthallyihs@®9
(the negative pole to the first termnal OUT1l and the positive pole
to the secpnttierdAfdlgudUBlectbahcat en@ppeséd e polarities fromthe
drive described above) and a current is flowed in the direction
opposite fromthg, giigect amd BdbppiRG Myt AN 186N deiwddd & sRatbbe2ol
magnetic flux in the direction opposite fromthe direction indicated

by the arrpywoiga bsekentoAgel sh abed 201t herstat @02203catably
Accordingly, the saturable portions 210 and 211 are saturated first,

then, the cﬁPé;?cf)sgc@%E.i t%ﬁ%%e%t%&fa@e_l@&&ﬁﬂf 88%eion ¥,he weyR tdicy €6é on
ove by

as described a e nutual action between the magnetic pole

generated g fj;t@ié%?tvﬂrt}@%%eagga%g? FBONediE P8 1000bN6 LR 04 r 202
sta

0
and i s stoppe y wth the axis of nmagnetic poles A at the

angl e- GO ppg t%@%?tiq,g%%oggg When tHOB r@WBEdr D8 is used
e Cc

above-descri ion 1s repeatedly performed by supplying signals

of differe ri_t i Qi t Y120 S
that the rg{lo@? %ﬁl &ﬁls?%glel(%\i/véeg{]?%ﬂr@o% éiLt%d ee%g%%% |)’ nﬁgﬁsél\%tﬁ? tzr?g dndSehe

directions,lpdl AL ed,0% @ £ 0% 1 QX100 §80EeRYe 1 fhdlhoRAbHl JERLws 3

plurality of>marn drive pulses a corrective Ive

pul se P2 h H{aﬂgsgb%gfeg deg%gij%in‘é&gir{‘éa_eae%hmchﬁ{ez@_s gﬁﬁré&?ﬁ bager

are used a rrve’ pul ses. satimn art show ng
a state inubighethe SLanPiAGIRLOMOBRB 1% AT IMERAN th A Bl nogei ye
pul se Pin of "a rank nand thé corrective drive pulse inthrs
enbodi ment . 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
saturabkle 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 into a circular

12



In Fig. 3, the rank n of the main drive pulse Pin has a plurality of
ranks froma mninmumvalue 0 to a maxi numvalue m and the energy of
the pulse increase wwth increase of the value n (in this enbodi nent,
the pulse width of the square wave is long). The correctige®odnicge
pulse P2 is a |large energy pulse which is able to rotate the stepping
notor 105 being applied an excessive |oad, and is configured to have
energy as large as about ten tinmes a main drive pulse Pl. In other
words, the respective drive pulses P10, Pin, Pin, and P2 are

confi gur edho be sstspef fexmed pultegraildyhwigl at pbnraslichy af Pe¢0iciptnlar
Pin < P2. Ref erence sign Vconp designates a reference

t hreshol d wotthed wtdlenget( énnienesotdimajolfdgentiev@d igf at berdevecetnon
signal VRs which corresponds to an induced vol tage generated
09P00106SG by chipeeibscildeatf ths Wirculyd silephangnget @irddmmsontour,
descri bed above, in which reference sign t designates a tinme at which
t he detection siTimhoMBsedypoeedbng AHeanelobemesttihueshobdsyol bageg
Vconp i s detected. A predetermned tinme i mediately after the
drive w thdéhecamor detyemnise the stsopigskdnabadbnsha fotet 292gMent
Ti, a predetermned tine after the first segnent Ti is designated as
a second sep8®fiatk’inahflieh piRdebelmnoedd nde akteted haHeegoldr 202
segnent T2 is designated as a third segnent T3. In this nmanner, an

entire detestiomswgnmeRbppeat asti Ry bbeMt@ohi Nt d SPBRIH L] ¥oar LR
the drive with the main drive pulse P1 is divided into a plurality of

segnents (bBsiHién BIPAEVIRA ast BhAnSEINBIY S 211 itrD otBlr TBRQEO akiAg
state is detected by the detection signal of the sane polarlty in the

respectivepg§89Eoh Sv:h-@ré @nl3xiAl 88 miffet BOG L Lf A kg Laspestbyezp2
segnents TI to T3 may be set so as to satlsfy such rel ation as second

segnent T2;gediE8tSQ0RRBhedt é&lﬁﬁ@cts_ﬁ-gﬁ%me ;[étcﬁ@dtﬂux%l%rmodbqegﬁd a
mask segnent, mh chis a segnent in which the detection signal VRs is

not detectggﬁ gﬁﬁ Pgnjapgle &? o%%&qanSRE%?ateFXo?&&ﬁétéhe

drive witht r|v se P nean to be i y at a tine

when the d§b§€é'£ﬁbﬁﬂ drPl 1s06f'§o§H@§6ﬁ“(ééﬂﬂé&-%ﬁagb%gtléﬂg Beafzea
time point when the detection of rotation is enabled after a

e o BSEok) 11 SSATR 9RYGUS (LRI s MO R8P
to fourth quadrant IV).

When a sguare 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



09P001065G has el apsed after the termnation of the drive with the
main drive pulse Pl, or a time point when a predetermned tine in
whi ch the induced voltage generated by the termnation of the drive
of the main drive pulse 21 by itself affects the detectigproofiossc
rotation has el apsed. Al t hough detail ed 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 in Fig. 2, assumng that P1 is an area in which the drive is
perfornmed attiod hetdcenethal segndties detlecyenparstgmaln WRe stator 201
corresponding to the induced voltage generated in an area a is

det ect ed i &nd ehef maghesegnmsile bif, thlergisde@OReNasd ginals t'YBpedenesial gd
in an area c is detected in segnents T2 and T3 (the signal detected
in second geaiRNe d2iHaF mad @Ry pbeseryad HaRAgLEYOOTpddItidhi.verhe
energy than that detected in the third segment T3), and the detection
si gnal VRsggeset 8t Roflt 868 dburkk cdei1eeked saca 08sc t en fiin gt ganzl)
second segnents Ti and T2 in the opposite polarity. I n ot her

wor ds, singgrt Bgudei £l | Uk 9NAle YRS onS (@eR8hapedchynhhh8 §888ncing
oscillations of the rotor 202 after having ended the drive pulse, the

det ection ébgﬁéﬁiMR%ihEQUfﬁgsi &h Faﬁ%l%%ﬁé%%icﬂi&ép?@@é 36t eriged
by being geherated to atimng [imted to an area froma rotation

Wi thout ' ¢ReeR¥RCARICLLYa BhITSE St ,395% rif N1 85 et e o

certain degree of reserved drive capacity, and not being generated

shen the <yLf{c)enta 09PANABRCALBh lod LS HEBR! NEdoLULCE

corresponds to the area a In en the sufficien

reserved dgiyeCARAC LY Ik S RR0, SLACE,LDE drive il se 15 ended

in the area e outp i'nduce age has an opposite phase.

The hei ght of t he,del et qn. Sanal YRSohD-LNBALL! 8538 el lof San

reversely proportiona He Te e reserved rlvlI

CabeCL Y, ObgblEy VISl ) LIE RO ARG BUBIA AR Lyt bPon
circuit 104 to the terminals OUT1 and OUT2 of the coil 209 (the
negative pole to the first terminal OUT1 and the positive pole
to the second terminal OUTZ, 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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In view of such characteristics, in this enbodi nent, the detection
segnent starting imediately after the drive with the main drive
pulse Pl is divided into a plurality of , at |least three, segnents,
and the main drive pulse P1 is controlled according to tdseosegsest in
which the rotation detection circuit 110 detects the detection signal
VRs exceeding the reference threshold voltage Vconp. For exanpl e,
when the detection signal VRs exceeding the reference threshold

vol tage Vconp is generated in the first segnent Tl, it is determ ned
that the reservedramwt dhieon capatiiy Ehé s absdigcesgscaddetheadrior pisse
is maintained without changing to the drive pul se having a smal |

ener gy, sor¢hadtedby dpierdopukde by moppdlyangedsignal sir iofe gufferent
having a small energy. In this enbodi ment, as shown in Fig.

3, when t heotletecieonaditgnabtViRg svrcdl s9xteedse tdd Ir 208 esxcehat the
threshol d voltage Vconp is detected at least in the first segnent Ti
and the secotdr XPPA6 16w gpenttdiZe dolne imabnsdyi ire el derddtisnsmot
changed (no rank change) (Fig. 3(al) and Fig. 3(a2)), and the main
drive pul sen®Picasedioby chianged B} S8 My riche .defacthos shpodindiRs, a
exceeding the reference threshold voltage Vconp is detected in all
the segnenpsushlity s megnenivdipulkhe HECO8® 1seg® At cdkeddidrd ALive
third segnment T3 (Fig. 3(a2)). As shown in Fig. 3(al) and Fig. 3(a2),
when the nphbsdEovigaPil$ai Pletsntlenkeg@Berfbmitd 9 bl ha rrLs86¥€8ibed
capacity (rotation without a reserved capacity), the main drive pul se

21 is not cheagegdrangsds$ dRitHAII8Ge pulses. Wen the detection signal
VRs exceeding the reference threshold voltage Vconp is detected only

in the first segment 3T aRdciRenhhirgreeHBNNG 3 dtheeMihnwHi ENethe
pul se 21 is changed to a main drive pulse 21 having a | arge energy

(the rank kg.ppYEY o Milghoul dihyERGy WA My 8 L iQet F‘d@s@ri?l/ﬁ of
pul se P2 (Fig. 3(bl)), and when it is detected only in the third

segnent T3z {1 MRk HhieVEo PHESE ¥ dirS vENANORI pb0; 2 (TR ALY EnOHE S€
21 having a large energy (the rank is noved up) wthout driving wth

the corrective dfj Vﬁg?“'ﬁis,et%% S&hg-n%%ae rﬁ%nsgag}[ﬁgrei BulTk@. p%bﬂas

and Fig. 3(b2), when the nmain drive pulse 21 is mned to have a

| east necegSafyr HiMe o eNELNRs ff‘%ofnoé 6 k% PRI QL o £81 21200 el Pa Pue

| east energy), the main drive pulse I1s changed to a main drive pul se

o 7S B SE S tnrgy o SRR G SRLEELLO SO okt o
segment T2y,iRH€ ATk R HilsVEnPblh SRl tReGRANACH: bPn B MBLE APNR R Se
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 Pl. In other words, the
respective drive pulses P10, Pln, Plm, and P2 are configured
to satisfies a pulse width relation such as P10 < Pln < Pim
< 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

15



09P00106SG P1 having a small energy (the rank is nmoved down) (Fig.
3(cl)), and when it is detected only in the second segnent T2 and the
third segnment T3, the nmain drive pulse Pl is changed to amain drive
pul se P1 having a small energy (the rank is noved down) oeEOg1086C2)) .
As shown in Fig. 3(cl) and Fig. 3(c2), when the main drive pulse P1
Is determned to have a reserved drive energy (rotation with a
reserved capacity), the nmain drive
by free oscillations of the stepping motor 105 as described
above, in which reference sign t designates a time at which
the detection signal VRs exceeding the reference threshold
voltage Vcomp is detected.

A predetermined time immediately after the drive with
the main drive pulse Pl is designated as a first segment T1,
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 Pl 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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pul se P1 is changed to a main drive pulse having a snmall energy. Wen
the detection signal VRs exceeding the reference threshold voltage
Vconp is not detected in any of the first segnment Ti to the third
segnent T3, the drive with the corrective drive pul se 2298010656
performed, then the nmain drive pulse Pl is changed to a main drive
pul se 21 having a |arge energy (the rank is noved up) (Fig. 3(b3)),
and when it is detected only in the first segnent Ti, it is
det er mi ned not
has elapsed after the termination of the drive with the main
drive pulse Pl, or a time point when a predetermined time in
which the induced voltage generated by the termination of the
drive of the main drive pulse Pl by itself affects the detection
of rotation has elapsed.

Although detailed 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 T1, 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 is
generated by the free oscillations 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

17



to be rotated and the drive with the corrective drive pulse P2 is
perfornmed, and then the nmain drive pulse Pl is changed to a main
drive pulse Pl having a large energy (the rank is noved up) (Fig.
3(b4)). Fig. 9is atimng chart for explaining ttheoo10ésc
above-descri bed actions, and shows margins of the |oad, pattern
showi ng the rotational position and rotating state of the rotor 202,
and the pul se control actions when the stepping notor 105 is driven
by the main drive pulse 21 together. In Fig. 9, reference sign Pl
desi gnat esrétwe: mal didrnee 169PBAADOSES pwHisth 2bramcpaingle shose aarea
segnent in which the rotor 202 of the stepping notor 105 is rotated
with the naitmdriye pul se PI, and reference signs a to e designate
areas showing the rotational positions of the rotor 202 due to the
free oscillati onmef tRE sulf€ 1%t eptofedditredr dvEvarichbatleynm nesived,
pul se PI. When the XI coordinate space in which main poles A

of the rotein2d2 ¢ ifiasd HuasedikSediyd dad HHY @ r@af b, Sthguadtgattddt o
a fourth quadrant 1V according to the rotation t her eof around t he

rotor 202 agqhded Cepl€igd Si8es FhS- opposite ﬁhé§é segieMtieildhtt ®# hene
third segnent T3 nmay be expressed as fol
detection signal VRs in the flISt segment T1 is reversely
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 Vcomp. For example, when the
detection signal VRs exceeding the reference threshold voltage
Vcomp is generated in the first segment Tl, 1t is determined
that the reserved rotation capacity e is reduced, and the drive
pulse is maintained without c}’—langing 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 Vconp

is detected at least in the first segment T1 and the second
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In other words, in the state of the nornmal |oad, the first segment Ti
corresponds to a segnent for determining a state of the initial
normal rotation of the rotor 202 in the third quadrant 111 in the
space around the rotor 202 as the center and a segnent DOP0O0106SG
determning a state of the initial reverse rotation thereof, the
second segnent T2 corresponds to a segnent for determning the state
of the initial reverse rotation of the rotor 202 in the third
guadrant NI, and the third segnent T3 corresponds to a segnent for
det er m ni ngeqtRNYy Gi2at ithg seanedatverpulre flatie obtt hbanagdi &ho revelr se
rotation of the rotor 202 in the third quadrant DI . Here, the normnal
| oad nmeanschanasd (&ppl-i @dalh arteFagr nhlabper andothe awd ni dribespulse
enbodi ment, the | oad applied when the tinme hands are driven is
referred tBl ds hbe ahemmeld hdad vhe@OBO HRESGt ion signksl d@scexdmsetling
above, the reference sign Vconp neans the reference threshold voltage
whi ch det et nesferemceokhagehbkd eto lafagich®¥chngute dsticgrnald (des eTtdhen
signal) VRs generated in the stepping notor 105, and the reference

t hr eshol d sediiages YEOMMrEs sS€imént UGhtaenaecetd tdaimante Tendag€d:-he
signal VRs exceeds the reference threshold voltage Vconp when the
rotor 202 tmkes sagmenstmntkygf @&Sta2ggt.i ons sheknasn ¥igase(d 1 whbdid.he
stepping notor 105 is rotated, and the induced signal VRs does not
exceed the3(£fes enes theeshohddvold agel S& ap iwharivbBeerot gy wildhdines
not make the constantly fast action as in the case in which the

st eppi ng M@t oEsdibeddeapatat y’ Qkatfrion withdddSUNkBgetball Plpasitdan ,
area in which the driving is perfornmed with the drive pul se, the
detection shgnadir QriesPRdisag p0i5hgot Ndhsesey UlRUS daNALEed !N
the area a is detected in the first segment Ti, the induced signa

VRs generated | lHE tAkCAeE B98I &LLRA VRARY QLA RE SRINBME Sreliled O
T3 according to the load state (the signal detected i'n second segnent

T2 has a | gf 885nd REGLYH gd! V¥ 18T Q¥c 4 hady ReinRg; detiRekedst Nddifent
third segnent T3) , and ?he I nduced signal VRs generated in the area

b is det e%f@nhnt&@%fiiresseéﬁ&c@%,Tﬁn@hahg éf‘fvé%ﬁ??%oﬁleﬁgeéﬁan dn

the opposite polarity according to the |oad state. A st nce the

i nduced si igS-1gen dpby; r i i ons r:qf or
202 after %ﬂ\a}% r?ﬁnge%&gt%hgbg%igyg?pﬁi%& taﬁgai u%é%kgi?g%}?évl%ﬁ( ¥
i nduced i npbhey fu&gsmsemenar%iﬂgs «aRar gk e@%@&é%éﬂ%'rﬁgegﬁhgtf%%ﬁﬂa

to atimng O09P00106SG limted to an area froma rotation

reserved CRpACi BYpl ) Msly %hgﬂﬁl?tc%é%%t%@@nf&?‘ﬁ“@hﬁéﬁ%?ﬁgéébnﬁe‘?&r ee

of reserved drive capacity, 0 I ng generated

suf fici entqgotgid g ' i ned [ ' i1, Vi ew

of such a Sharast arre e VERTHEETE 250chelet N SIRARL RELre BN

pattern ofpi he [ tected i ir t T to

o T o hARAPE S S g e At il (AL rBSUERL Tl
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
is 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
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For exanple, in Fig. 9, in the stepping notor control circuit
according to this enbodi nent, the induced signal VRs generated in the
area b in the normal |load state is detected in the first segnent TI,
the induced signal VRs generated in the area c is detectegobnotbe
first segnent Tl and the second segnent T2, and the induced signal
VRs generated after the area c is detected in the third segnent T3.
Assum ng that a decision value in a case where the rotation detection
circuit 110 detects the induced signal VRs exceeding the reference

t hr eshol d Bohbageg\a enp lilselidt'gy ahde araddci simvedatioen) n(Faddgcas echer e
the rotation detection circuit 110 cannot detect the induced signal
VRs exceedind) wHee def bs eheteedtideshbl, div alHeagecdodnpegreeit0'T2 anpatiter n
(0, 1, 0) is obtained as a pattern which indicates the rotating state
(as a decishDii salgienitnT 8 hecHd fsin sgnenpplaedeliisi ohangeédiea a hdn
second segnent, and a decision value in the third segnent)fromthe
detecti on gegreRiuldel elnapind B 6hatlidnedgly i(ahtheaskapevel ddwen)
normal |oad drive showmn in Fig. 9. In 09P00106SG the normal | oad,
the controkrgdr auid)303 getgiowinnes Hikat 3t he) driveigner gy2) Swhen the
excessively large (rotation with a reserved capacity) , and controls

the pul se g9: Sy OrdoMel dhepdriis/ g RRendYictiaRk AhvENE wBLEBrded verpud se
P1 downward (pul se down) . In a state in which a m ni num | oad

i's increasgdefsom tdeatsist Gt e RYRLG Lagdcithe, stakemh tn Wk che

the increment of the load is mninum , the 1nduced signal VRs

gener at ed b@l%@%laf[@%h%nig%dqﬁ} S8t 4P {OS e 2 PEHEYMaNL ehBBgy .

i nduced signal VRs generated In the area b 1s detected in the first

segnent Ti and tﬂ%é%@‘%&%@%&% g?can@fd/ﬁé”‘%ﬂc%@éﬁ%% $h@ndlference

generated in the area c is detected In the second segnent T2 and the

third segngﬁlt_eg'ﬁol%nﬁ]f@agqg(%h% §90%ti€%€éc9tec9’irf e Palt eho .{:'Qr%%

1) is detected, an e control “circurt 3 determnes it to be t

rotation wibfhgf©38r Vel £APACLEYaaSdsackl bed abpyeq:and qant obge

t he pul se so”as make the pu t he '‘energy of the main

drive DU|S§OE$ective d%%*?(buf%eab§oimrgﬁgﬁ§ s ,|Q§m91t%§5h§3ﬁ 8£i§@?

m ddl e | oad 1T ncCrenent e‘rotation e reserved capacity) in

which the BRLLET P11 o (dhakied kA00nbhE GRNNC Puldle SRIALILLVE PUESE

is maintai as e an exanpl e non-rotating-state

R i R S e

pattern is ! i'vé ‘en _ the marn

O ve, o) BBl SaTBER M LSS Pkeon P00, 21 5 ML RE-ere

wth the rr%ionb(ejrirg@aipg Sae:ﬂcl:)lt’heS rtibigt w“‘jﬁ 1%('3 Vc:eorrective 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(b4)}.

Fig. 9 is 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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09P00106SG with the corrective drive pulse P2, and the pul se-up of
the main drive pulse P1 are perforned . Fig. 4 is a decision
chart in which the actions described above are shown in a table. As
shown in Fig. 4, when the detection signal VRs exceedi ngobbhgio6ss
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 patternis (0, 1, 1/0)), it is determned to be the
rotation with a reserved capacity, in which the reserved drive energy
remai ns, srl$@atPl Redmailsodsheespal segRint Snnehdédhonber apko dodhver .
The decision value "110" means that the decision value may be any of
"1" and "0Othe steppinghewtpleldbt dstiomtEdmdlthVRbcergerdingve heulse
reference threshold voltage Vconp is detected in all the segnents Ti
to T3 or adnly dne feéfestersegrenmsTia andet Hessgneond segoendhdv?idtthe

| east the first segnent Ti and the second segnent T2) (when the
pattern i scqtlatilgnall Oppsitions det erime nedtbbat2heduet atd onhwi tHeid a
reserved capacity in which there is no roomfor noving the rank of
the drive energatdoms aghdrt bee @idh dF ¥Re Pt See 2l thS tHBI A 2h e Bs
is wthout change. When the detection signal VRs exceeding the
reference gdrsshml d voltage Vconp is detected only in the first
segnent Ti and the third segnent T3, or only in the third segnent T3

(when the pattemhdns tht/ Qy Bootdinatd dpncdetier phaed h9iRepdidotation
with a | east energy in which the drive energy is 09P00106SG renmai ned

by a | easttiadmyior 20214 posQtiBALAtNE dT%H Bedl 1 N€o RUES e s Plgl surmyed
one rank upward without driving with the corrective drive pul se P2.
I to a fourth guadrant 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 leocad, the first
segment T1 corresponds to a segment for determining a state
of the initial normal rotation of the rotor 202 in the third
quadrant 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 forxr determining the state of the initial reverse
rotation of the rotor 202 in the third guadrant I, 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 @l. Here, the normal
load means a load 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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When the detection signal VRs exceeding the reference threshold

vol tage Vconp is detected only in the first segnent Ti or is not
detected in any one of the segnents Ti to T3 (when the pattern is
(1/0, 0, 0)), it is determned to be non-rotation, and phecorf&sdrive
pul se P1 is noved one rank upward after having driven with the
corrective drive pul se P2. Fig. 5is a flowhart show ng an
action of the stepping notor control circuit and the anal ogue

el ectronic tinmepiece according to the enbodi nent of the present

i nvention, and ids deftpioddrdbawed,nltieshoie ngnedesigmofesspafiedhe the
control circuit 103. Referring nowto Fig. 1 to Fig. 5 and
Fig. 9, theHnsimid ohredhd hevsleppe ad ivhtdstoonived tioe volithgande tdie
anal ogue el ectronic timepiece according to the enbodi ment of the
present i nyertheoinidhddd B gdegckiibesct fordetignkl) VRs genelratkidginlihd he
oscillation circuit 101 generates a reference clock signal of a

predet er m geshd rRANBEEY, 13 d ahhec e e@yeneycd vhshalid eultag@2comp
di vides the signal generated in the oscillation circuit 101 to

generate ai&lHek i3 Ghah asmanhet efiicay ielRekidngigaal VR pattSedde
sane to the control circuit 103. The control circuit 103 counts the

clock signghe Reciehis tt&%ﬂ%@%@a@é ekinBo G kPR, r&els 20hendEK n

and nunber of tinmes N of the main drive pulse Pin to zero (Step 3501

in Fig. 5), dHeN LHURVESsE anHltJnOEuéhgé@a EQskOlRbgildiet BEepPifSing

not or 105 mnth the main drive pul se P10 having a m ni mum pul se mndth

(Steps 3501%0@(99 l%gq?é) 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 TLl, the induced signal VRs
generated in the area ¢ 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 1is
generated by the free oscillations of the rotor 202 after having

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

first segment T1 is characterized by being generated to a timing
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The drive pulse selection circuit 104 rotates the stepping notor 105
with the main drive pulse P10 in response to the control signal from
the control circuit 103. The stepping notor 105 is rotated with the
mai n drive pulse P10, and rotates the tine hands 107 to 0B@20106SG
Accordi ngly, when the stepping notor 105 is rotated normally, the

di splay unit 106 displays a current tinme by the tinme hands 107 to 109
as needed. The control circuit 103 determ nes whet her or not
the rotation detection circuit 110 detects the detection signal VRs
of the stepbiHegrHdCorn FOBaWATeh deXebabEoR i thredet arafiataddr erpiehee

t hreshol d vol tage Vconp and determ nes whether or not the detection
segnent def@ifesatitorref) iy en BrEadereing Rezettifa nEeGELE O PRI (edf
the detection signal VRs to be within the first segnment Ti. Wen it

i s deterni debve raradic Weradt Noh bégnal grRs adecestieng thResnef ke kel
threshol d voltage Vconp is not detected in the first segnment Ti (Step
3504), whertizztnabtfcriee detrotéiowdsi ghalthVRseskedaneny, tineview of
ref erence threshold voltage Vconp is detected in the second segnent
T2 in the same avehaercasriesic, bde dbedel { SeeprB8506)H. oWidre bhasis of
determ ned that the detection signal VRs 09P00106SG exceedi ng the
ref erence the gsdictervalft agjge Vodopedsstuphadetrec tded eichetihénsehonflirst
segnent T2 in process step 5505, the control circuit

103det er m seswiret [Tar oo dte therdedenidronTSignabn¥YRs lexceediing plese.
reference threshold voltage Vconp is detected in the third segnent T3
in the sane manresr asaederi be pbgves( SrerHeb@Erpping mot¥hetohtrds
determ ned that the detection signal VRs exceeding the reference

t hreshol d ¥btdape Meerping vottied esdedimant hechdiimtiwegmennd8 vrs
(non-rotation with the pattern of (0, 0, 0)) in the process step
S506, the gomérotediircithe d08a df iieEhlehBosheDpidH Maele 195datddrdde
corrective drive pulse 22 (Step 5507), then if the rank n of the nain
drive pul senRhd ittt gefhefestl ) ale Thdhbed @idhal e BehseaPddisn
noved one rank upward to a nmain drive pulse P1(n+l), and uses the

mai n dri vetipell s PE( D ldefeitddrenstibs epivait sdgn¥et (Bt ety 8R88s@dshd
5510; Fig. 3(b3)). When the rank n of the main drive pul se P1

i s the higbegherannind the IHRERSSs S§ 61 TRAG erid 1@ te@Nb £ OL r GhkCakida
103 changes the main drive pulse P1 to a main drive pulse Pl(n-a)

having | ess esedgyedded By edet ehiir-edegByAtT3 and uses the main drive
pul se Pl (n-a) for the next drive (Step S509). At this tinme, the nmain

drive pul se may AesGhiangechdto & ABEDs 6k VEaPuld S€nPLO A Nghed-d1 ghdrum
energy in order to achieve a significant power saving effect.
rotation detection circuit 110 detects the induced signal VRs
exceeding the reference threshold voltage Vecomp is "1", and
adecision value in a case where the rotation detection circuit
110 canneot detect the induced signal VRs exceeding the
reference threshold voltage Vcomp is "0", a pattern (Q, 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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When it is determned that the detection signal VRs 09P00106SG
exceeding the reference threshold voltage Vconp is detected in the
third segnent T3 (rotation with a |l east energy with the pattern of

(0, O, 1)) in the process step 5506, if the rank n of thépgailaecdeci ve
pul se P1 is not the highest rank m the control circuit 103 noves the
mai n drive pulse P1 one rank upward to the main drive pul se P1(n+1),
and uses the main drive pulse Pl (n+l) for the next drive (Steps 5511
and 5510; Fig. 3(b2)). If the rank n of the main drive pul se
Pl is the Hhghestmaladkadh i phe monditsdessrsuep SH Hetieyamingsk thahnehe be
changed, so that the control circuit 103 does not change the main
drive pul sérPie sanknmed st bksemaivedly i Varqrl sotRt ifoor wihh Aereserved
(Step 5513). When it is determ ned that the detection signal
VRs exceedeapadthey ¥ etrndenoe rolisesimbdlselstage tVoume Lhedbtisst edeiay
the first segnment Ti in process step S504, the control circuit 103
det er mi nesrahket dfreror meditn tohre veeeped sieof 1 sdgwewa MRs (xceediowit.-he

ref erence threshold voltage Vconp is detected in the second segnent
T2 in the sane nanaestaise desehible ahavém(ubtlemdbii2increased Mbanthe
is determned that the detection signal VRs exceeding the reference

t hreshol d yphtager Yeenpoima NQoadet{ebeesk At tihewseconthes dgoerteh? o
process step 5512, the control circuit 103 goes to the process step

5506. Eit hehe Ot st ien BaimONE hehomuésd Higna3(Ph enddreBlh4dhés

perfornmed by
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 second segment T2, and the induced signal generated
in the area ¢ 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 contyrols 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) inwhich
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 Pl 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 Pl, so that the drive
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09P00106SG perform ng the process as descri bed above. When it
is determned that the detection signal VRs exceeding the reference
threshol d voltage Vconp is detected in the second segnent T2
(rotation without a reserved capacity with the pattern gbpObioéss
1/0)) in the process step 5512, the control circuit 103 does not
change the main drive pulse 21 and uses the nmain drive pulse Pl for
the next drive (Step 5513; Fig. 3(al), Fig. 3(a2)). I n
contrast, when it is determ ned that the detection signal VRs
exceedi ng ¥heh rigfermnuedtivestol de vohlsgePA/caml ithedptidstedpi of tiie
second segnment T2 (the rotation with a reserved capacity with the
pattern ofm§dn dyiv @Jlsen Plherpr peeSsrmse@p. 3505, since the rank
cannot be changed when the rank n of the main drive pulse P1 is a

| owest rank 0, tHigy.cénty aldemiisdontcHOX usashidi shawidt idhisvée oot e Pl
for the next drive without changing the main drive pulse Pl (Steps
3514 and S&838Yye are showMemm thetsldK n AsS gradwrz €O Fiy.t e prlagesthe
step 3514, the control circuit 103 adds one to the nunber of tines N

(Step S515¢etdbieivr begnalives @fcdddiesy dhé eaghesnae AR AeThage
nunber (160 in this enbodinent), the rank n of the main drive pul se

Pl i s novevcong ilsaaktdovedaird yt on (thel secandl $dgmdtniercofordiiyes thd s
reset to zero, and the process is returned to the process step 5502

(Step 3517seddid s¥gebht TLYand () khikA 8L§REnWOIISyWREILENSa PFOGESS
fromthe process step 5504 to the process steps 5505, S514, and 3515

are perforagd(o09F0G1R6$G ¢ent s neousSy: acd3|blér 2hit YoRht1bABS Ll NE

main drive pulse i's moved one rank downwar d
reserved capacity, in which the reserved drive enerqgy 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 "O".

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 T1 and the second segment T2 (at
least the first segment Tl and the second segment T2) (when
the patternis (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 73
(when the pattern is (1/0, 0, 1)), it is determined to be a

rotation with a least energy in which the drive energy is
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In the process step 6516, if the nunber of tines Nis not the
predet erm ned nunber of tinmes, the control circuit 103 goes to the
process step S518, and does not change the rank. As descri bed
thus far, according to the stepping notor control circuigoponitbgs
enbodi ment, it is possible to avoid the rank to be noved downward to
a main drive pulse which 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, and the drive pulse is not changed by
det er mi ni ngendindchdty Bhaeasheameset veshuliiads capibiaty the metucédieven
when there is only a little reserved drive capacity, the rank is
prevent ed pubse bEl nigs mowed! downwand tpwardr viehputsérwhing wasth athe
potential to cause the non-rotating state. Accordingly, the driving
with the cesresdie didive pullse way be avoi ded as nuch as possi bl e,
so that the power saving is enabled. Also, there is an advantage such
that the design ity eheagsedett 9ont HEgEHNSIRAicKceled ingk @ hanr ef ¢ DEaso!S
determ nation of the non-rotation into consideration. Al so,

t he anal oguRr&iestd QBi1¢ alikNBEbRS 8 sha¥t 86t &d TraRPL AGtW®IAIrstosegment
rotating the time hands and the stepping notor control circuit for

control I'i ng1 tdiei stepPuBEEREQ i Man yaevaRifages a1 aveinrdansieeof
noving the rank of the main drive pulse downward to anain drive pul se

whi ch has gnp@lertialis Q9POOHIESG | 9rcatger Lhri Mad tb@hbA9rst at Loh 5
achi eved, so that an accurate clocking action is achieved.

Fig. 6 is gnflawhand d§bﬁaﬂpﬂgs@ B 98§93l RNPL AR L pRaRad fRIM n Qb i e

present invention, and the sane reference nunerals are designhated to

the sane coppEoen ScSid ddildectivA HRYEN LS epPodi ment descri bed
above is configured to nove the rank downward when the rotation is

made continuously; by Saigrf%qtchlﬁiaQ%ds aH abLWBA &N dHdTBEppl AYS

anot her enbodi nent” i s configured to nove one rank downward when the

detection §j I j e éggg@ § I I V,

IS detecte@bgggéu¥ﬁ§¥ﬁg%§§g%ﬁ% éggn%ﬁ% %’ .n‘%ﬂéﬁ%$§€§§§%s§g%§%%%§gp

and the nmai i P t IS : ; t.1a 0;
58c9£&¥§g$ 1} gném%%d%ﬁéﬁEchﬂ%he gPQE%%?QgI ord, @Kd,ls

(the process steps 0 n this anot odi nent, since

the setting ofodie MURDEL, Of 1485 MibSoRole NPGeSPAL Yoo B Lial ¢

setting of the nunber o nmes 1's hot pertormne the process step
3601, and rank nis initially set to the |lowest rank O. I n
t hi s anot her "énbodi nent as well, the sane advantages as in the

chove: deser Do SRS Bk EL PYaf B S DRG0 SR Lol o

sinple in gemard sePubify t R+ BROVES SR | BPA PO Y ne 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 frequency, 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 cutputs the same to the control
circﬁit 103.

The control circuit 103 counts the clock signal, performs
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Fig. 7is a flowhart show ng a process in still another enbodi nent
of the present invention, and the sane reference nunerals are
designated to the sane conponents as in Fig. 5. 09P00106SG Al t hough
t he enbodi nent shown in Fig. 5isconfiguredtochange the m@rdcdocgs
pul se to amain drive pulse having a small energy when the main drive
pul se has a maxi num energy (Steps 5508 and 5509), this another

enbodi nent is configured to go to the process step 5518 and not to
change the main drive pul se when the main drive pulse driven in the
process stepcEBP8lng agidomaxisklim ehergnlai emchawkrgrdefveanesth ¢he
corrective drive pul se P2. In this configuration, when the
state i n whheHate ddwat phsesP bodsi Beaowl $hep hedfaiim dridvedpul seepl
again as in the case where the load of the notor is restored to the
normal st apetbytgie opngrod signke tomogetieviehel sitepppobsrotRY; 18 5nwd iph
drive pul se Pl mhaving a maxi numenergy is used for the next drive,
so that thehéumatreduigle pbleer®lt@thaoring & hmimsnwaipulde wvedphl $8tédsi s
ensured. Therefore, when the nornmal state is restored, the
possi bi | it§$50® avadi%HAFe driving with the corrective drive pul se P2
is increased, so that the energy saving is advantageously achi eved.
Fig. 8 is a flovthar tirshewpud sa maeesd onn sitdkianatbBercoanitedi nené
of the present invention, and the sane reference nunerals are

desi gnat edsteppiwg @yt rcQUBoReHh St1s malnFigive. pl ddaughihheesponse
enbodi nent shown in Fig. 6 is configured to change the main drive

pul se 21 tocathei Rotitirve RUlgHa 1hEHoRg theseddt @yler gyrohien 1de, Merie
drive pul se 21 has a maxi num energy (Steps 5508 and 5509), this

anot her enbodppRng et 3ONbBIUE eEbit YD wi®APORAORS drive pulse P10,

and rotates the time hands 107 to 103. 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 S$505).

When it is determined that the detection signal VRs

27



to the process step S518 and not to change the main drive pulse Pl
when the main drive pulse P1 driven in the process step S508 is the
maxi mum energy after having driven with the corrective drive pul se
P2. In this configuration, in the sanme nmanner aso0OBE0106SG
enbodi ment shown in Fig. 7, when the notor 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 pul se P2
is increased, so that the energy saving is advantageously achi eved.
SubsequentéiGeati rexang lre femenhe dhrelsbod dtvedttiage ‘Segmens nog déve elead
into four segnments will be described. Fig. 10 is a timng
chart of tihe @maloguedc|scmeon 2t ineprecesasshgpaShdborticontomirol
circuit according to still another enbodi nent of the present

i nvent i on, citiiit shovdettdmnimarsgwhst ioér olrendoad canelt ¢ el sotsdghandlRs
positions of the rotor 202 together. The bl ock di agram and the

confi gur atéoresiiaw RGeOfrefhechtepphigsaidrvd It dgel ¥canpt herdetected
enbodi mrent are the sane as Fig. 1 and Fig. 2. In Fig. 10,

reference s gthePindedl gognest ar EGRAL bandaihdhey akser2Be isove
rotated with the main drive pulse Pl, and reference signs a to e

desi gnat e segEERE50eNOW Ng the rot atl onal positions of the rotor 202
due to the free oscillations after the termnation of the drive with

the main drive pese Rl - is 09P00LRE ARG that the Ther&et 8t i onyseomend T
for detecting the rotation of the stepping notor 105 is divided into

Four Segﬁeé'iéeéci‘l QHQ%%e%%ﬂ%%ﬁféﬁblﬁ%%ﬁﬁgeﬂléohﬁ‘ﬁq{c%§é*¥eé{é&r

the driving with e main drive pulse PI, a second segnment Tlb

third SegMeAlhe third segment T3 (non-rotation with the pattern of (0,
0, 0}) in the process step 8506, 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 pulée Pl is moved one rank
upward to a main drive pulse P1l({n+l), and uses the main drive
pulse P1(n+l) for the subsequent drive (Steps 5508 and S$510;
Fig. 3({b3)).

When the rank n of the main drive pulse Pl is the highest
rankm in the process step $508, the control circuit 103 changes
the main drive pulse Pl t¢ 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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T2, to a fourth segnent T3. In this manner, the entire detection
segnent T starting froma timng imediately after the drive with the
main drive pulse Pl is divided into a plurality of segnents (in this
anot her enbodi nent, four segnents Tla to T3) . The rotatiorgospase is
detected by the detection signal of the same pole in the respective
segnents Tla, Tlb, T2, and T3. The term"imedi ately after
the drive with the main drive pulse PI" neans to be immediately at a
time when the detection of rotation is substantially enabled as the
respect i ve2Xearsti e rithe defereped hbbyehold sl agegermp Wi dat¢ated
period in which the induced signal VRs is not detected, is not

provi ded. ¥t $de therfarumentol 3t eotadsipecyive ségashtendigy with, tiwp,
and T3 may be set to satisfy such relations as third segnent T2 <
(first segpertem o0& Ehcdndlseghenthdlppodess aerh Soégnrent LIS, ramd
first segnent Tla = second segnent Tlb, for exanple. In the
state in which the omd.rsriliver ptihaa Pheisaratalthieoaid ghesitncapased {hde
increnent of the load is small), the first segnment Tla corresponds to
a segnment conwhdlhcitEniriotH nepvsisattdeomatihededtror pR08ei Bl deher namied
in the second quadrant Il of in the Xl coordinate space around the
axi s of rohgtaod tef thd@maiatdrivdPR080ESE+A07 asd @ sCent aiaint deive
second segnent TlIb corresponds to a segnent for determning the state
of the iniphbée NDY (1) doat kae abxt h@rivd ofst2pd ig tthanthsedo guaty ant
D, the third segnment T2 corresponds to a segnent for determning the
state of thepznytial normal rotation and the state of the initial
reverse rotation of the rotor 202 in the third quadrant DI, and the

fourth segnent T cokf espRMWISH @nd REOARIN vieOpudgt ey Rt Regstat e

of the initial reverse rotation and the state of rotation thereafter

of the rotgsnRQR iin thReptbisds aady @3t 1ELthe 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 S5513).

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 S$504, 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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Also in the state of the nornmal |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 Il in the XY
coordi nate space around the axis of rotation of the rotoonra0206§ct he
st eppi ng notor 105, the second segnent TlIb corresponds to a segnent
for determning the state of the initial normal rotation and the
state of the initial reverse rotation of the rotor in the third
guadrant Bl, the third segnment T2 corresponds to a segnent for

det er mi ni neptfvecrnsitray ehef ptrioeesni asatiesevidred aketdi on of the rotor in
the third quadrant DI, and the fourth segnent corresponds to a
segnent for det étwinniing ishedetodatineg dthatte Wie tdeteotiom afieral HERs
initial reverse rotation in the third quadrant DI. Here, the term
"nor mal | catedrtians the aadedenventhre 4hiel doratedagep&catpons adetactdd
enbodi nent descri bed above and, in this enbodi nent, 09P00106SG t he

| oad for din \thegsédend isegmband®? i(gctet i o driadidutea nersealv eldoaspa dhey
ref erence sign Vconp designates a reference threshold voltage set in
the sane npnfler:heSphbeeresFeqli, Ve, enbodi tenits: descesbattabasez, the
In Fig. 10, a summary of the stepping notor control circuit according

to this angsieroeriadyient ow bbebendesatdhipd thihadinddeedeshgnad p1
corresponding to the induced voltage generated in the area a in the

state in wWhghddierhde-ameatiof dulgel BAG ISt 8aRdxtl 8r O0d qGlced 55 3 he
first segnent Tla, the induced signal generated in the area IS

detected agf@ss;{dg saeend 5ggygnt TIb and the third segnment T2, and
t he induced Signal generated in the area c is detected in the third

segnent T2 and tfe JPUHLRSEGABAL id3is determiMRD th3@ €@hkVEeLOSE Y¥n O
the main drive pulse Pl is'in the state of the normal |oad, the

timng of Lntergeptd op.-of Rl Pe%%é/ﬁcep"&l}x%‘aesﬁ%lﬁax?(?f@aé@@lcfobn%zls

segnent Tla and the second segnent by, the induced signa

appears f r&%%é%gec? E.hrt%es QQHSHEO%%H%%WQ'(the rotati¥h WDEHGEH: SLOPak

VRs gener af e rotation e steppi ng notor 105 appears

consecut i VeLy, L $ A o Egb SEOTRY OF foand the,seennthogareabsbep

when there 15 not” nore res pacity i'n"rotation of “the rotor

202, oo, CPbO8, EEER LB phOE SATRIEL SOLMASRRAPETE! Yol ELLLRD
increment of; fhe | PALISSHR! sl § R3REUEL S0 I HNRAELYE circuit
103 uses this main drive pulse Pl for the next drive without
changing the main drive pulse Pl (Steps S514 and S518).
When the rank n is not zero in the process step S514,
the control circuit 103 adds one to the number of times N (Step
$515). 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 is returned to
the process step S$502 (Step S517; Fig. 3(cl), Fig. 3(c2)). 1In

other words, when the process from the process step 35504 to

the process steps 8505, 5514, and 5515 are performed
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09P00106SG force is rather |owered, and when the load is increased
and the state in which the increnent of the load is large is assuned
so that there is no |longer reserved rotation capacity of the rotor,
the timng of interception of the main drive pulse Pl iggbhhShesc
segnent Tla or earlier, and the tine when peaks of the induced
signals VRs in both cases appears in the first segnent Tla, and hence
if it is the fornmer or the latter cannot be determ ned. However, by
conmbining with the result of detection of the induced signal VRs in

t he secondcaregneriusllybbydd Suidalnatli on thietessenhthea St ald vef padsation
of the rotor having no |onger reversed capacity or the state in which

the drive hdi®ree dre Hainghidoynvawar ed i s enabl ed. In view of
such characteristics, the reserved drive capacity is determ ned

accuratel y, and ihhendr pyecesant s0bp V316 an RdeQUALALEE ¥e PUhS® N Sis
performed. In this another enbodi ment, when the induced signal VRs in

the seconchsiegRBHrekie 1%G08MAY hlRoOF 4t 8haE NRAr 8bef fOCe 1tRneshal A
vol tage Vconp (when the decision value is "1"), it is determned to

be the rotaddORoMhB grbeast AN @518andnlihGod®idddhuagRULRE .ﬁalmi.s
noved one Tank upward. Accordingly, the efficient control of the

ive dri 4 : : £ or i , ith
corrective ari V%sPHleé@rI‘LEeé%@é’ bl EEBHEdgﬁg Y g sEEEpggg’e“xﬁoﬁ’M

the corrective drive pulse P2, and hence re tion of t

consunpt i ofy, S Anah e+ tiﬁethis' Db 8 So 10T NQY iSﬁBQQEEET& ?éé tea‘%]c?id

possi bl e to determ ne whe r to maintain t'hé nai rrve pu avi ng

the same drjye. Q9POOL0GRGENanEY.ALaLe, GhADEE GAS T8N AriNe Ryl se
ul se g a snaller ay

toa_rrain rrve p avin _ drlve_ener y sensing the

Lotat oAl 018 L LagursthelaplandS Thde el

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. 2Also, 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 steppiﬁg

motor control circuit for controlling the stepping motor has

advantages such that avoidance of moving the rank of the main

drive pulse downward to amain drive pulse which has a potential
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For exanpl e, when the induced signal VRs in the first segnent Tla
exceeds the reference threshold vol tage Vconp, but the induced signal
VRs in the second segnent Tl b does not exceed the reference threshold
vol tage Vconp and the induced signal VRs in the third sgapgfiodss
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 wthout a reserved capacity, so
that the main drive pulse P1 is not changed and a nain drive pulse P1

havi ng t he 5@iEs&RBEHbr - ARItANYl ftetke is achielol, ®@EP4L antitdiiite
basis of the result of conparison of the induced signal VRS with the

reference 1y ashe dc¥ebhags, abheededve pul se is switched to the drive
pul se in which the energy is changed. Mre specifically, when the

i nduced signal ¥Ry i the {i E%Wéﬁgﬁﬁngh&bﬁn§w 1349 deRdUGRd S
VRs of the second segnent Tlb are reference threShold voltage Vconp
or lower, anddi i,nduc i § 2, L t Ql,pud [o]ep=Yale ExGreds
t he referencec%%%gghggdgg%fé%%E%Qﬁﬁﬁ%ﬁéﬁgﬁ ﬁg gg?e?ﬁ?neq tdE%% t he
rotation w xaafse%%VSst;r\E;agl?déé Y% d RpBhkghe t dhidl :?\é.eiﬂuﬂ@ s, a

drive energy having a rese capacity, and the main drive pufse is
Whon-the INIURERISEhEar Rl an HREEEGed JRORETEE o S ot R e
| cast one T AR AOFAEEGnERET 13 A id Foae: Ao Lagment S AL by
(Do r TR L EheL A oL LA VEORe dde By BRI 1O PE s

which rv S€ has a

I t dri [ N h tatiaon, t.h ' '

purse |5 CRURGEINRS donePht APRGE% i 8 R e 7R a PAPRBEanE gy tne
Al di ly, the, | i Vi t tati t at f th t i
ahi ch t he WA b1 EReT YREITHiRILIG0RE Sa SRRCE R AL S
havi red tati [ f th t b

i Scr ' nAlGAP $5 SRETS 13D OBF 8y SR OF Pt e “GrABife st bADS RF9ETT B

in determnation of the rotation of the rot% is reliapl ,realgaggé

A'So. the BETRVID 8Rdr TS fRist A AtEdPRtEs f Ihafor RS e g TR

non-rotating state may_ be grasped by the induced vol so_that. an
ef ficient tOftFol tdrktheltly r%g?‘i:%g[d?‘?%’%gs%u‘f p?ﬁ‘gi éggan evel ch

contributes to the redyction of power consunptign. Figb 11 is
a det er mi n2RPORCEIRAOOGIRRAY cAIRFR i PEREIPE Phi' At hES Bhbbtihnt
is shown in a table. As shown in Fig$ 11, when the rotatijon
det ecti on RifrtiPt NGer ittt sPERD I dICERTEIBRAT YRS RXERRIIPAgE S
reference threshold voltage Vconp in the second segnent Tlb, it is
det er m nedl® gi%e ReFE EBESE 1Bt B LSS st eBNP Yy | I WG TBRE et

drive pulse FIl only has the | east required drive energy
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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09P00106SG (the inclement of the load is large) or the non-rotation,
and the main drive pulse P1 is changed to a main drive pulse Pl
having a | arge energy (pulse up (also referred to as rank up)).

At this tinme, when the rotation detection circuit 110 debegbhsotbe

i nduced signal exceeding the reference threshold voltage Vconp in the
second segnent TIb and detects the sanme in the third segment T2 or in
the fourth segnent T3, it is determned to be the rotation with a

| east energy (the increnment of the load is large) in which the main
drive pul skl Riowri yhaasnbolde mMeadsthavegunrieid .dbilcecentigyredind ¢hengemi n
drive pulse P1 is changed to a nmain drive pulse Pl having a | arge
ener gy w tttoumapardmiva pglsde ods maenwdit hvd heleomaadnicve stal vespadge
P2. Accordingly, the driving with the corrective drive pulse 92 nmay
be reducedyheso thieahaimempevwepussyinag &Sneniabirednergy (Steflsses50ataridi s
time, when the rotation detection circuit 110 detects the induced

signal excesmhng tHies rafaencemddstelitd il dage Q¥eerap tion dde: ¢ agrnd
segnent Tlb, but not in the third segnment T2 and the fourth segnent

T3, it is glededdd redpt 9508 Arte nBent s WraingN chanfa i rTRienpdl by 6yHuH se
P1 is changed to a main drive pulse 91 having a | arge energy after

havi ng per{& madhf ke ide pa1Wet i Pen COY raed idi%c@rsisV?stBF' 85082 s the

When the rotation detection circuit 110 does not detect the induced

si gnal exceedimg telf‘l%rb?f SEEOF hd IR BOL ded Ol ] A9& NCRBR kB L SEGAN
segnent Tl b, and detecfs the same in the first segnent Tla and the

third segnppisd%oit is determned 09P00106SG

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 rotation with 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

S$508 and $508), this another embodiment is configured to go
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to be an adequate drive and not to be necessary to nove the rank of
the drive energy downward or upward, that is, it is determned to be
a rotation without a reserved capacity, in which the main drive pul se
has a drive energy having no reserved capacity (increnepbrobibbes! oad
is small), so that the main drive pulse P1 is not changed and is

mai ntai ned as is. Al so, when the rotation detection circuit
110 does not detect the induced signal exceeding the reference

t hreshol d voltage Vconp in the first segnment Tla and the second
segnent Tty tardrstect stehesSdirenimdtheotdhardyeseheemindrive pslse
determned to be the rotation with a reserved capacity in which the
mai n dri veepuhea tHe hasnadresepuédedri deienarigy thagrmatedoatep $HIB
the main drive pulse 91 is changed to a main drive pulse P1 having a
smal | enery thpuhseimeenealay0a £ eé erHad dopdasveank wowhk) correct i g.
12 is a flowhart show ng an action of the stepping notor control
circuit angri+e mnaleogue el ectronic tinepiece according to this’

anot her enbodi nent, and is a flowhart mainly show ng the process of

the control cirao ttd03. configuReE@bAI NG ANOYKE O shin@. ranfdf. ad, @&yl
Fig. 10 to Fig. 12, the actions of the stepping notor control circuit

and the anghogen Sl GHoRR ¢t FIEPI BCERGEAHE RBthe 1BL 880th&Fored
enbodi ment wi Il be descri bed. In Fig. 1, the oscillation

circuit 104, genendlfgiast of £noNGeeChetl sy onaln thedcBredet 848 dethe
frequency, and the 09P00106SG frequency divider circuit 102 divides

the signal ;gpnergbed i ﬁib%sq Qilihat QN Gh s L4l £1d0L Qi GGNEIALE fhe

clock signal as a refererice of the”cl ocking, and outputs the sane to

the Controéofiéé%ﬁJe:H¥%ve pulse P2 is increased, so that the energy
saving 1s advantageously 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 locad 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 Pl.
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The control circuit 103 counts the clock signal, and perfornms a
cl ocking action, sets the rank n and the nunber of tinmes N of the
main drive pulse Pin to zero (Step 51501 in Fig. 12), then outputs a
control signal to rotate the stepping nmotor 105 with theomapngdstve
pul se P10 having a m ni mum pul se width (Steps 51502 and S1503). The
drive pul se 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 with the main
drive pul se P10 ,Trendletetdtios sbgméntrel hzndsiet@lttingl@fe Actorthmgsy,
when the stepping notor 105 is rotated normally, the display unit 106
di spl ays atlmiscteppihgmethy t0teisidiribaddntkdfoto skdfeassnecdeghence
from a first segment Tla immediately after the driving with
the main drive pulse Pl, a second segment Tlb, a third segment
T2, to a fourth segment T3. In this manner, the entire
detection segment T starting from a timing immediately after
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, Tib, T2, and T3.

The term "immediately after the drive with the main drive
pulse PLl* 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, Tib, 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 Tlb, for example.

In the state in which a load smaller than the normal locad
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 quadrant I of in

the XY coordinate space around the axis of rotation of the rotor
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The control circuit 103 determ nes whether or not the rotation
detection circuit 110 detects the induced signal VRs of the stepping
not or 105 whi ch exceeds the predeterm ned reference threshold voltage
Vconp and determ nes whether or not the detection segnmegépgoigesc
determnation circuit 111 determ nes the detection tinme t of t%e

I nduced signal VRs to be within the first segnment Tla (Step 51504).
When it is determned that the induced signal VRs exceeding the
reference threshol d

202 as the center, the second segment Tlb corresponds to a
segment for determining the state of the initial normal
rotation of the rotor 202 in the third quadrant [, the thizd
segment T2 corresponds to 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,
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 I,

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
I 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 Il, the third
segment T2 corresponds to a segment for determining the state
of the initial reverse rotation of the rotor in the third
guadrant I, 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 [l. Here, the
term "normal load" means a load driven in the normal operation

as in the embodiment described above and, in this embodiment,
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09P00106SG vol tage Vconp is not detected in the first segnent Tla,
whet her or not the induced signal VRs exceeding the reference
threshol d voltage Vconp is detected in the second segnent Tlb in the
same nmanner as described above (Step 31505) . Whenrpobh1b8sce
determ ned that the induced signal VRs exceeding the reference
threshol d voltage Vconp is not detected in the second segnent Tlb in
process step S1501, the control circuit 103 determ nes whet her or not
t he induced signal VRs exceeding the reference threshold voltage
Vconp i s dgiecdiced ifort feivhng drseghmet hd@dsnid e fSawel menhbe @srmal
descri be above (Step 31506) . When it is determ ned that the

i nduced sigral. VRS hexceefit repnddest gherenog t Heesdoditeyolat agefdlcoange i S
not detected in the third segnent T2 in process step 31506, the

control citlredhdiQB weliteigd res wWhether samenainhde aadticedresgaal i WdRs
exceeding the reference threshold voltage Vconp is detected in the

fourth segmddilderntd: e samedmpees. as descri be above (Step 31518)
When it is determ ned that the induced signal VRs exceeding the

reference threshel drivpl tage A/cammdrs, ot €ed est &sbiny tRGtdOUESd rol
segnent T3 (with the pattern of (0, 0, O, 0) ) in the process step

S1516, it dsrdidie Q@Bpf@iﬁ%it@%hi%”&i’néﬁl’?e&@xﬁéé@im&{i @4h i p03e St MAsy t he
stepping notor 105 with the corrective drive pulse 92 (Step 31514),

then if thehdankgqdcef LM nedlidd@didisg Rlo | 8nBOY R HeBtadank

m the main 09P00106SG
generated in the area a in the state in which the increment
of the load 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 load, 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 is getting reduced.

When the load is increased and the state in which the

increment of the load is small is assumed so that the drive
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drive pulse P1 is noved by one rank upward to the main drive pul se

Pl (n+l1), and uses the main drive pulse Pl (n+l) for the subsequent
drive (Steps 51513 and 51515). When the rank n of the main
drive pulse P1 is the highest rank min the process stabep®ibisscit
is determned that the rotation is not possible even with the main
drive pulse Pimwhich is the maxi num energy for the next tinme, and
the control circuit 103 changes the main drive pulse P1 to the main
drive pulse Pl(n-a) having | ess energy by a predeterm ned anmount for
reduci ng tfleeceower raonsdnpsversd arthdis@ent heenboaddt s venqud s Plairt a)
for the subsequent drive (Step S1512). At this time, the drive pul se
P1 may be t¢hagpete tia whechmehs ididremeptt! s£ tRE0L ey iisdld fve seaddwested
energy in order to achieve the | arge power saving effect. When
it is deteoricned thatethe rinduagdr SighwlvaRsoexeaedi Agphbet yedengnce
t hreshol d voltage Vconp is not detected in the fourth segnent T3
(rotation pMtldy,atheasimenerdty iwtkkctpeifatd £riheOhal®, dive pdlde it
the process step 51518, it the rank n of the main drive pulse 91 is

not the hijghest siapkqient el €00t rQlriGidiGUhalBe00eRet OnéMH IO &3S
step S1515 and, if the rank n of the main drive pulse Pl is the

hi ghest raijfe My Ridace shilRafankreaDROL.0E SRyed dpyes s ﬂ@ecﬁléjaff}%stto

the process step 31502 w t hout changing the main drive pul se P

(Steps 51%%3%&%0%517 o Y08, It iﬁé%e{:ff?é B ot E.@ttﬂé‘?akﬂgy%not

signal VRs SG exceeding t reference threshold voltage

(o0 i, 48 LML SEIL SSap kol Ay PoE s Bt 28,9505

the control” cirTcuil er ot the 1 nduced signal

VRs exceedcle”c%éthnteonré%?{ak}%g%ﬁg&gn%g)ssﬁ%'n%ﬂ’%é etygosr@%&giegg%ﬁgﬂggflﬁ}at

t he third segmen en It m ne
t he i nduced si gnal e edi ng e r r ol d v tqgg
Vconp is ncgjtsc eméL&a\eé& inn)ﬁt(:\é%g t irtg'gsé%%%t %%%lo?l&&r%‘osoglesog s‘?ieep 1 Ir9

the contr Qxlav%dr{gc%iot 1c1>rqg’egoxeesvetroset %aBE—xgggﬁsfsolSttqpe 5.S]t5a1:% 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 is performed. In this another
embodiment, when the induced signal VRs in the second segment
Tb exceeds the predetermined reference threshold voltage Vcomp
(when the decision value is "1"), it is determined to be the
rotation with a least enerqgy, 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 ancther embodiment, it is possible to determine

whether to maintain the main drive pulse having the same drive
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Wien it is determned 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 (O, 1, 1, 110)), the control circuit 103 goegabBothEsg
process step S1516. When it is determ ned that the induced
signal which indicates the rotation exceeding the reference threshold
voltage Vconp is detected in the first segment Tla in process step
51504, the control circuit 103 determ ned whether or not the induced
si gnal VRsemxegedirngo tdiaangef eneneaid Aresbobl swltbageadeoapivs pulse
detected in the second segnent TIb (Step 51521). When it is

det er m nechd-hiaig tahemandegedrsgnahe MRS 18X cRedIing the refg&fenRgestate
t hreshol d voltage Vconp is not detected in the second segnent Tlb in

process st&p tIdZbtothBy COMS ralauietcyi §nd 03 wed ermcnes rmet hekgidn thot
the induced signal VRs 09P00106SG exceeding the reference threshold

vol tage Vopr® 4. 48 GleRnldN skBRehbi ¥t segment T2 (Step S1520).
When it is determ ned that the’induced signal VRs exceeding the

reference threshe)de%ahbage VROAPLAS ffuet %‘i&;ﬁgli ORENER tORL Or; ot

segnent T2 in process step S1520, the control circuit 103 goes to the

process st @éh)g @1a%é@@thé ﬂe%e?%kgé Aed @ v&f@a%%?’ggﬁgd%wal

VRs exceedl the reference thresho vol tage Vconp 1S In

( 9 . ( ( !
the third %&gﬁ?%?lé’s(i%?)%%;%’éf?ht b L OO s@gﬁ%ﬁ%rﬁ%dd§§£%%'ttééxé’%sécl‘

the pattern o e procedur oes to proces

st ep SlSl?the refere%%nt%x}%ejsﬁ%gtﬁﬁorﬂ-a{&%dVEE}g% gm tlh g#gggg%hggfima\ei%

exceedi ng the reference res age np 1s in

second Segwgtinﬂt%ei @Pg%gggé%ggﬁgpl‘;]eizcje’edtsh%h%oQgrfglreglcéCtylrlngesghoo d

goes to the process s

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
Pl 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 i1s changed to a main drive pulse P1 having
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In contrast, when it is determ ned that the induced signal VRs
exceeding the reference threshold voltage Vconp is detected in the
third segnment T2 (the rotation with a reserved capacity mﬁth t he
pattern of (0, 0, 1, 1/0) in the process step S1506, sip 6§@nk
cannot be noved downward when the rank n of the main dr|ve p se P1
is the owest rank O, the control circuit 103 uses this main drive
pul se P1 for the next drive without changing the nain drive pul se 21
(Steps 51507 and 51511). When the rank n is not zero in the

process stepnmbi0Gndhe CORRER! tI6d I Catilcdd3 Agdsl ones tim i uTeld of
times N (Step 09P001 SG S1508). Wen the number of tines N reaches

a predet ergdned, NYAREE x£d60s | thd Nick £RA FBRELnot RevA 8k W-@ip thei

main drive pulse Pl is noved one rank downward to (n-1), and the

nunber of éH dhdided §%§gglt@a§e{@,a@q%atstaeo%osgdya@ LB1 FELIUAREh ¢ O
ep 3150

t he process st 31510 I'n other words, when the process

fromthe REpGess ALePoBIAPL AR AEaieS ARS ratalancanth s

31509 are per orne con y by a pre eternln t1nes,

TRl N drive DUl e sofiRved one dank; deuvard tﬂ@rtotest%ega ngtle@a :

51509, if ¥ IS ho determ ne er o

Ejllogisasno': hgﬂgqoﬁnﬁtyrm Cl:nrtﬁﬁlthelr%glgoc?gléeoph 2ePhRSES easecpdg}éélen%

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 is reliably 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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As described thus far, according to the stepping notor control
circuit in this another enbodinment, the rotation detection segnent of
the stepping notor is divided into the first segnent Tla for
determning the rotating state of the rotor 202 in the gesefthesss
guadrant n, the second segnment Tlb for determ ning the norna
rotating state of the rotor 202 in the third quadrant 111, the third
segnent T2 for determning the nornmal and reverse rotating state of
the rotor 202 in the
(the inclement of the load is large) or the non-rotation, and
the main drive pulse Pl is changed to a main drive pulse P1
having a large energy (pulse up (also referred to as rank up)).
At this time, when the rotation detection circuit 110
detects the induced signal exceeding the reference threshold
voltage Vcomp in the second segment Tlb and detects the same
in the third segment T2 or in the fourth segment T3, it is
determined to be the rotation with 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 is 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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third quadrant 1E1 and the fourth segnent T3 for determ ning the
reverse rotating state of the rotor 202 in the third quadrant IIl in
a state in which the increnent of the load is small and, when the

rotation detection circuit 110 detects the induced sigr§?PaQ§§ g
exceeding the reference threshold voltage Vconp in 09P0010 (gt e
second segnent TlIb, the main drive pulse 21 is controlled to be
changed to a nmain drive pulse Pl having a | arge energy.

to be an adequate drive and not to be necessary to move the
rank of the drive energy downward or upward, that is, it is
determined to be a rotation without a reserved capacity, in
which the main drive pulse has a drive enerqy 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 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 contrel 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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e

Also, in a state of the normal load, the first segnent Tla is
configured to be a segnent for determining the state of the initial
normal rotation of the rotor 202 in the third quadrant H in the
space around the axis of rotation of the rotor 202 of th @@ﬁ@&$g
notor 105, the second segnent Tlb is configured to be a B@ or
determning the state of the initial normal rotation and the state of
the initial reverse rotation of the rotor 202 in the third quadrant
H, the third segnent T2 is configured to be a segnent for
det erm ni 1Lt r r . o]
2021 n 1 ne TR Yudny ot B relay R RIRR L RhARRE A
to be a s f. ro i t t at tat] frer th
it al oo Seorararion rRbRe: DR Y EEAraRd: kPR tindnea
so that th rive p i ntroll according to_the segnent .in
ohi ch t he heataEr S dE b PO aP Y SRERLOL e PR e BRE g
VRs exceedi.ng_ t.he bﬁference t hreshol d vol tage Vconp. In this
manner , bﬁl Fﬁ&r&i g the drive pulse control on the basis of the
i nduced si gnal enerated,in the rotati on detectjon segnent
| rrod: at ol y af t Pt HONERDLr CHBCRLR b1 t HETI (A |G Tl SR 2
accurate detection of rotation is perforned and the stability of the
drive pul SEIEGRESof FLOT/EHIT 26410RT | TLHRIMG RARHITY aFF E8RMTIREE pé
variations or 09P00106SG fluctuations of the |oad fromthe gear
train or tH&eas Nt 5ottt ARaVEanert FIR BF zeHe EXER S1vdlpin Fdgup
control is restrained thereby achieving reduction of the current
consunpt i oif) - then oukpyss g gRNBEPY & il b TwiteketHie s868nane Maitiore
pul se is enabled by accurately determ ned the reserved drive
capaci ty, @wvikd ¥ reiemir kshprdseoflt havissr 2 @lintaugy pybspuiish s
enabl ed, and the reduction of power consunption is achieved.
Al so, the G@ﬁ%@eséﬁoﬁhén@e§éﬁng-drive capacity such as the nornal
driving state, the rotating state of the rotor with the driving force
slightly | oweredhet tirivst apihee ssglecsionheireudt wihourtateesdheed
rotation capacity and so on may be determ ned accurately, so that the
prevent i orftePrting wpkoneblfs widtethenasiomiivaloudee BaDi bm wfspomse
rotation of the rotor is reliably realized. Al so, the behavior
of the rotier tihmedintedl dHifwrle beewnihg chetmoh- cdtraving 19B3at e Ty
be grasped by the induced signal, so that an advantage such that an
ef ficient YEwriol vptohel @oricecbitatedr vieh filesmaila dehireviad], sambildh
contributes to the reduction of power consunption.

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 51504). When it is determined that

the induced signal VRs exceeding the reference threshold
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Al so, in the anal ogue el ectronic tinepiece having the stepping notor
for rotating the tinme hands and a stepping notor control circuit for
controlling the stepping notor, since the reserved drive capacity is
accurately determ ned, so that the generation of the ex@@?@ﬁf@%se

pul se-up control is restrained 09P00106SG t hereby achi eving
reduction of the current consunption. Al so, prevention of noving the
rank of the main drive pulse downward to the main drive pul se having
a potential to cause the non-rotating state is achieved, so that an

advant age \,toqactagm%cg&gpgl;girﬂ& 8EELOPd I nPald 9% BE AcmEAt ely, hether

achi eved. Is a flowmhart show ng the process accordi ng

Lo furt helo 2ROl REE ﬁ@;&_f&&{gﬁnﬂ vRBGRIRMANG LY 2akboBncAliiialiai ihe

enbodi ment” shown 1 n s configured to nove the rank downward

FPen TR RGeS A SO0 O ne DU IR 16 4 LD o

times (N times), ano iment 1s configured to nove one

k d d when the | ' di th f
thr eshol d BT Ho 8 VAR RE LE et Bar Sl vt S Y ee third Segment T2.in
t he proce tep . S15Q6 and t.he main drivye l.se P hat L1 }
not the |owest FERR 0%(iTe SrocebeneveptSsiss S1afhed shiebTo st
S1511). : . thi th i [ fi t
the. P oce NG RIE? RETISE S SRNBAY e LFSYReLaTIR REGOL TR
i nduced signal VRs exceeding the reference thresh ol t.age Vco i
:jetgctedsz fthe §%‘§;ﬂé‘i’1t5el";|“i:?g’ltr1Tﬁﬁelﬁr%%%%ssstsé:ﬁ%%ggan %hceon;trrorgéelsg
step 51521.. ) Since the necessity of cougﬁjng t.he aunber gf
times N i SCEIGHitNAPEde e EmEeH MR eEnBB I Nerit® thEUFRFAL TE9 Skt T

of the number of tines is not perfornmed . in the process siep. 51600

and only tHEqsHIRI thE FRFEFERFS SACTOUhIOLEREST VAR 1S detected

in the third segment T2 in the same manner as describe above
{(Step $1506).

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 $1506, the control
circuit 103 determines whether or not the induced sigﬁal VRs
exceeding the reference threshold voltage Vcomp is detected
in the fourth segment T3 in the same manner as describe above
(Step S51518).

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 S1518, 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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09P00106SG 0. In this another enbodi ment as well, the sane
advant ages as in the above-descri bed anot her enbodi nent are achi eved.
Since the necessity of counting the nunber of times Nis elimnated,
the configuration is sinple in conparison with the aboveedgscséded
anot her enbodi nent . Fig. 14 is a flowhart show ng the process
according to further another enbodi nent of the present invention.

Al t hough the enbodi ment shown in Fig. 12 is configured to change the
main drive pulse to a main drive pulse having a small energy when the
mai n dri velpulesspuias B nbxinmwade bgr gye (Step b3 tandh 8 bl ) ,drtilvies
anot her enbodi nent is configured to go to the process step 31511 and
not to chandesd Ipd (Aeiln, daha e s@ePhaihedr e gwise gliixel pufce thk
driven in the process step S1513 is the nmaxi mum energy after having
driven w tdubdwpeonr detivee (deepe PUSBE £ $1515). In this
configuration, when the state in which the rotation is possible with

the main drive mukserhs raekt @t Bgaialnagrite tha sease Mhene Hivhdsaad
of the notor is restored to the normal state by driving with the

correctiverghi ¥eiRULBE FRocddie swaikl disve, pil S& Befehavhed endeodHaim
energy is used for the next drive, so that the further reliable

rotation wddndiRe 78l Ho@%&@sf’b‘iéee\%rﬂ%ﬂt% RULEYIn dPerefQitse WRED
the normal state is restored, the possibility to avoid the driving

Wi th the caryactviend ke mhl SRR idri 58 %%%dtnﬁé Rt chB& NGy

09P00106SG savi ng i s advant ageousl’y achi eved
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
P1({n-a) for the subsequent drive (Step 51512). At this time,
the drive pulse P1 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 S1515 and,
if 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 S1516 and S1517).

When it is determined that the induced signal VRs
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Fig. 15 is a flowhart show ng the process according to further

anot her enbodi rent of the present invention. Although the enbodi nent
shown in Fig. 13 is configured to change the main drive pulse to a
mai n drive pul se having a small energy when the nain dripgeopudsss has
a maxi mum energy (Steps 31513 and 31512), this another enbodinent is
configured to go to the process step 31511 and not to change the main
drive pulse P1 when the main drive pulse P1 driven in the process
step 31513 is the maxi mum energy after having driven with the
correcti veextdrdaddmuulthe P2ference tHrediilsl vodtieger dtpop, 1 asddtreatiesl
enbodi ment shown in Fig. 14, when the notor load is restored to the
nor mal st aire the theoddi yegmérdth Ttihe iooprect sy estaip Bé 500, sehZ @t ndie

| i ke, the possibility to avoid the driving with the corrective drive
pul se P2 isitdiciedssddesornhedd heterer gy saving iindadedns ageoliSIRs
achi eved. In the respective enbodi nents descri bed above, the
pul se W dtdiscad®ifd frther eaFkabrde i thasdlalld eothaggevebepener gyt aitdde
respective main drive pulses PI. However, the drive energy nay be

changed by;¢haitig dd@cRlene Yol {egeposishe like. It is also
possible to enploy a main drive pul se 21 having a choppi ng waveform

of a conb-shapeyrapd changesidiRemdhbre @RQr WhOf 1hBacBRI Bidhiate yiE se
P1 by changi ng the nunmber of chops or the duty ratio. 09P00106SG

The presentyidWeitd ORe FRY dbile e ARPLI A, J18 RSt &R BE MU A td M ed
driving a calendar  or the like in addition to the tinme hands.

Al'so, alt hgughyd fﬁﬁ@%&&@rﬁ trMBRi 8e8chas Seep gesesi begk asodthes

exanpl e of the application of the stepping notor, it may be

appl | cabl edQdfie fLUIANLG LRS! pUBEOLS MUSTe the Mot or.

The stepping notor contr circuit according to the present invention

gﬁgpgfngpﬁ{) | Cablipdr? YA i QU RISRHNAN CHAIS {HUIhaulBINGIBL VRs
exceeding the reference threshold voltage Vcomp is detected
in the third segment TZ in process step 51519 (the rotation
with a least energy with the pattern of (0, 1, 1, 1/0)), the
control circuit 103 goes to the process step 51516.

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 1t is deterxmined that the induced signal VRs
exceeding the reference threshold voltage Vcomp is not detected

in the second segment Tlb in process step $1521, the control

circuit 103 determines whether or not the induced signal VRs
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The el ectronic tinepiece according to the present invention is
applicable to various anal ogue el ectronic tinmepieces such as anal ogue
electronic wist tinepieces with a cal endar function, anal ogue

el ectronic stand clocks with a cal endar function as wel b%aso106sG
vari ous anal ogue el ectronic tinepieces with the cal endar function.
What is claimed is: 1. A stepping notor control circuit conprising:
a rotation detecting unit configured to detect a detection signal
generated by a rotation of a stepping notor and detect a rotating
state of t9rcendple Adempederancer i rrpiid dwetlita@get Heodet e tdoieatiaghal
exceeds a predeterm ned reference threshold voltage within a

pr edet er mi ¥red- ietiduitidosegagment 2ol Shew ; ShmP) . a control wunit
configured to control the drive of the stepping notor with one of a
plurality of maiWhedriMe pal skesedimfihederithaitn Emer gpdiicedth edghadt H&ts or
a corrective drive pulse having | arge energy than the respective main
drive pul ssx@oadindi tige tre felrenceshirte sbb 1 detcddtaigenvdymp he nodt detterted
detecting unit, wherein the detection segnment starting

i redi at el yn afheertHirved drdgreny TR tihepmatcasdr svep palLS20 ) stitk viatedrdint o
a plurality of, three or nore segnents, and the control unit controls
the main dedmeripul 98 apesr dionghleopirtbeessgsesd SD5W) Ciind hehgrotiad iion
detecting unit detects the detection signal exceeding the reference

t hreshol d dotdagithed Ehad t3iccPRHNEABEOhalORY ekcEbd Lhld tt haCEof sl dYd O

claim1l1, wherein the rotating state is detected with the detection
signal of {Hee SR R 1AEIGEY vebmphes respaatdd/ e nSed@ERhSrd segment T2
(the rotation without a reserved capacity with the pattern of
(1, 0, 1, 1/0)), the procedure goes to the process step S1517.

When it is determined that the induced signal VRs
exceeding the reference threshold voltage Vcomp i1is detected
in the second segment Tlb in process step 81521, the control
circuit 103 goes to the process step S1519.

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 Pl for the next drive
without changing the main drive pulse Pl (Steps S1507 and
51511).

When the rank n is not zero in the process step S1507,

the control circuit 103 adds one to the number of times N (Step

47



3. A stepping nmotor control circuit according to claim1l, wherein the
control unit does not change the main drive pulse when it is

determ ned that the rotation is a rotation wi thout a reserved
capacity in which the main drive pul se has drive energyogptbdoésa
reserved capacity. 4. A stepping notor control circuit according to
claim1l1, wherein the control unit changes the nmain drive pulse to a
mai n drive pulse having |arge energy when it is determned to be a
rotation with |l east energy in which the main drive pul se has drive
ener gy hadIigdleasihesquie enunbew eoferidngy Norebhbegotaprofeteseingd
stepping notor control circuit according to claim1, wherein the
control umumtehrandé® fhetne enbpdveept} se e rankan redtiempih sdrive
having smal|l energy when it is determned to be a rotation with a
reserved gapaod tAl B mbivell drhe ramiknddwnwvergut se{mhds ,dendetbaengyber
having a reserved capacity. 6. A stepping notor control circuit
accordi ng o tdhaisnN1is Wheyedi ot hergonrindothanptockdwes iwi rhttiheed to
corrective drive pulse and then changes the main drive pulse to a

mai n dri vechuilbsechayi figed 31002e By SMBR0) L t I15 odRkerwo ey, whah tHe
stepping notor is not rotated. 7. A stepping notor control circuit
accordi ng peosdH Mrdm MhepebBethetdptEdoOBo Abcé Ss Giteipdest 08,0 a
first segment immediately after the drive with the main drive pul se,

a second sggiendi1sfd ered hesifggost asegmpek-foandda EBhE nSeQEEPt WYt ef
the second segnment. 8. A stepping notor control circuit according to

claim?7, Whed&dth ilig &PBEMOIndd)l EhdoRsinal-i ¢BaNnged he meddn dhkVeank
pul se when the rotation detecting unit detects the detection signal

exceedi ng ghegeference threshold voltage in at |east the first
segnent and the second segnent. 9. A stepping notor control circuit

according to claignhe }A/ESESEQ e GaRloO! 1Nt e dG W0l Changs fihes

mai n drive pul se when e rotation detecting unit detects the

CeLSFLIn Sh6nsk SXERRCLNBALAE: SSELLUEPa) fokeld 808 Ltsdl o
goes to the process step S1511, and does not change the rank.
As described thus far, according to the stepping motor
contrel 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 gquadrant I, the second segment Tlb
for determining the normal rotating state of the rotor 202 in
the third quadrant I, the third segment T2 for determining
the normal and reverse rotating state of the rotor 202 in the
third quadrant I and the fourth segment T3 for determining the
reverse rotating state of the rotor 202 in the third quadrant
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 Vcomp in
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10. A stepping notor control circuit according to claim?7, wherein
the control unit changes the main drive pulse to a main drive pul se
havi ng | arge energy when the rotation detecting unit detects the
detection signal exceeding the reference threshold voltagegonbgskn
the first segnent and the third segnent. 11. A stepping notor

control circuit according to claim?7, wherein the control unit
changes the main drive pulse to a main drive pul se having | arge
energy when the rotation detecting unit detects the detection signal
exceedi ng tihe seefoerdenegmeht eSligl dheahd ageirdvkeypuhsée el tilsi cdnseghed .
12. A stepping notor control circuit according to claim?7, wherein

t he controto i thahgpgeso theadni dr tvé w1 lpe 8¢ fovindged Nadgevengid e
having smal | energy when the rotation detecting unit detects the

det ection signalalexgeadi agstdies ref ehenteridl esdial d thel faget opbyménm:

t he second segnment. 13. A stepping notor control circuit according
to clai m 1P1a Wereidrildie eeionbr Bk &Nsdgredianges Heeciminidgi ¥Re pst S t 0
a main drive pulse having snmall energy when the rotation detecting
unit detecys die ;dakechi ABr&h INadr LXGREIENENE heo t&F erence theeshotd
vol t age once or consecutively by a predeterm ned nunber of tines only

in the sec%gdfmt iRT R0 ¥od 4k L RRCRRd 3590eRE gaéawsnt F e

segnent . A stepping notor control circuit according to claim?7,

wher ei n t he,eontz@l dﬁ‘itﬁuec@%\%ﬁﬁ%n%nﬁof@% N, (@ePUlesntiOsBgBAD Fi1 Ve
pul se having small er energy en The rotation detecting unit detects

the detection.chdalexCoel] 0t ddiferleBE e AP LA U4 AP8 O

;
in the second segrient and the t segnent. 15. st eppl ng not or

control cifcui{sp il”QoEQt%ﬁia{Hc?th‘@hEEﬁkQ éf‘ecrﬁep%ri?ka nplygrdyes

with the corrective drive pulse and then changes the main drive pul se

to a main drive pulse, Baving, ! @230 e 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 quadrant W, 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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energy when the rotation detecting unit does not detect the detection
si gnal exceeding the predeterm ned reference threshold voltage in the
second segnent and the third segnent. 16. A stepping notor control
circuit according to claim15, wherein the control unitagphyeseyhth
the corrective drive pulse and then changes the main drive pulse to a
mai n drive pul se having small energy by a predeterm ned anbunt when
the driven main drive pul se has nmaxi mum energy. 17. A stepping notor
control circuit according to claim15, wherein the control unit

drives wi th I8 GA0heChivendriom pebset RAcyd hen daes orothe haige, the
mai n drive pul se when the driven main drive pul se has nmaxi mum energy.

18. A stepy{ N9 DL Ohe£OPLE Qln ChECHhL a%eakdipg bRiskau@ bontheneis

the detection segnent 1s divided into the first segnment i mredi ately

after the drive Wl Eggﬁ??gn & V&, Y SSediull@ 188C00E SeEENy AfdrRY

the first segnent, the t segnent after the second segnent, and a
fourth seq,gg?r{’gdl Al the third segnent. 19. A stepping notor control
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ener gy. determination in determination of the rotation of the rotor

is reliably realized.

Also, 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, sc that the

generation of the excessive pulse-up control is restrained
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23. A stepping notor control circuit according to claim21l, wherein
the control unit drives with the corrective drive pulse and then does
not change the nmain drive pulse when the driven nmain drive pul se has
maxi num ener gy. 24. A stepping notor control circuit aeeopdposgsto
claim 18, wherein the control unit does not change the main drive
pul se when the rotation detecting unit does not detect the detection
signal exceeding the reference threshold voltage in the second
segnent, but detects in the first segment and the third segnment. 25.
A st eppi ngtimtadry sohiewvingireduct iag odrthagutroent siomsi8ptwher eikl sche
control unit changes the main drive pulse to a main drive pul se
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first segnemt thedmbhe shdord pagrenigving depecestialt he tdausd the
segnent. 26. A’'stepping notor control circuit according to claim 18,
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control circuit according to claim1 is used as the stepping notor

control Ciﬁf@ﬁétermined number of times (N times), this another
embodiment is configured to move one rank downward when the
induced signal VRs exceeding the reference threshold voltage
Vcomp is detected once in the third segment T2 in the process
step 51506 and the main drive pulse Pl at that time is not the
lowest rank 0 (the process steps S$1600, S1507, S$S1510, and
$1511).

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 81505
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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In this another embodiment as well, the same advantages
as in the above-described another 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 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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saving is advantageously achieved.

Fig. 15 is a flowchart showing the process according to
further another embodiment of the present invention. Although
the embodiment shown in Fig. 13 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 51513
and 813512), this ancother 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 51513
is the maximum energy 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 to 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 PZ 1is increased, 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 enerqgy
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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The present invention may also be applied te a stepping
motor for driving a calendar or the like in addition to the
time hands.

Rlso, although the electronic timepiece has been
described as the example of the application of the stepping
motor, it may be applicable to the electreonic 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 1s 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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What is claimed is:

1 A stepping motor control circuit comprising:

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 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 control circuit according to claim 1, wherein the control unit does not
change the main drive pulse when it is determined that the rotation is a rotation without a reserved

capacity in which the main drive pulse has drive energy without a reserved capacity.

4, A stepping motor control circuit according to claim 1, wherein the control unit changes the
main drive pulse to a 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 itis determined that the stepping motor is not rotated.
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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 7, wherein the contrel unit does not
change the main drive pulse when the rotation detecting unit detects the detection signal exceeding

the reference threshold voltage in at least the first segment and the second segment.

9. A stepping motor control circuit according to claim 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 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 third segment.

12. A stepping motor control circuit 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.

13. 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.

14. A stepping motor control circuit according to claim 7, wherein the control unit changes the
main drive pulse to a main drive pulse having smaller energy when the rotation detecting unit
detects the detection signal exceeding the reference threshold voltage 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
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energy when the rotation detecting unit does not detect the detection signal exceeding the

predetermined reference threshold voltage in the second segment and the third segment.

16. 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.

17. 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.

18. 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 segment.

19. A stepping motor control circuit according to claim 18, 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 second segment.

20. A stepping motor control circuit according to claim 18, 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 voltage in the second segment and also in the third segment or in the fourth segment.

21. A stepping motor control circuit according to claim 18, 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 detects the detection signal exceeding the reference
threshold voitage in the second segment but not in any of the third segment and the fourth

segment.

22. A stepping motor control circuit according to claim 21, 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.

23. A stepping motor control circuit according to claim 21, 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.
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24. A stepping motor control circuit according to claim 18, 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 third segment.

25. A stepping motor control circuit according to claim 18, wherein the control unit changes the
main drive pulse to a main drive pulse having small energy when the rotation detecting unit does not
detect the detection signal exceeding the reference thresheld voltage in the first segment and the

second segment, but detects in the third segment.

26. A stepping motor control circuit according to claim 18, 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.

27. A stepping motor control circuit according to claim 18, wherein the control unit drives with
the corrective drive 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.

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

motor control circuit according to claim 1 is used as the stepping moter control circuit.
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