STEPPI NG MOTOR CONTROL Cl RCU T AND ANALOG ELECTRONI C Tl MEPI ECE  BACKGROUND

OF THE INVENTION 1. Field of the invention The present

a stepping notor control circuit and an anal og el ectronic tinepiece using

invention relates to

the stepping notor control circuit. 2. Description of the Related Art In a
background art, there is used a stepping notor including a stator
rotor containing hole and a positioning portion of determ ning a position
of stopping a rotor, the rotor arranged at inside of the rotor containing

hol e,

havi ng a

and aSTOREINGMOTOR DNDROL NERCUT OANDYANLGE BLECTRGN IMYNELPLECH | ux at

the stator by supplying an alternating signal to the coil and stopping the

rotor at a position in correspondence

with the positioning portion in an

anal og el ectronic tinmepiece or the like. As in inventions described in

Pat ent Ref er ences

el ectronic tinepiece nounted with a stepping notor control «circuit
driven by ay mmidumeanengyigleat b¢kground art is constituted to drive a
stepping notor by a plurality of kinds of drive pul ses. By receivi

detection resul t @fe pAed Al hfhOeLEEL | D016 GUide i iBtOH Bgner sl tuat i on
of rotating the stepping notor, when the stepping notor is not 1

a main drive; pul e ahd £1aR9edytd &t cf Y& ReS8sing the stepping

motor contrel circuit.
2. Description of the Related Art

In a background art, there is used a stepping motor
including a stator having a rotor containing hole and a
positioning portion of determining a position of stopping a
rotor, the rotor arranged at inside of the rotor containing
hole, and a coil for rotating the rotor by generating a magnetic
flux at the stator by supplying an alternating signal to the
coil and stopping the rotor at a position in correspondence
with the positioning portion in an analog electronic timepiece
or the like.

As 1in inventions described in Patent References
JP-B-63-018148, JP-B-63-018149 and JP-B-57-018440, an
electronic timepiece mounted with a stepping motor control
circuit which is driven by a minimum energy of a background
art is constituted to drive a stepping motor by a plurality
of kinds of drive pulses. By receiving a detection result of
a rotation detecting circuit of detecting a situation of

rotating the stepping motor, when the stepping motor is not

JP- B- 63 A3 IBiND) BrBT68- 0d8dMOr@and JP- B-57- 018440, an
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having a | arger energy (referred to as pulse up or rank up), and the
operation is repeated until reaching a drivable main drive pul se. Further,
at each constant period of tinme, a main drive pulse is changed to a nain
drive pulse having a snmaller energy (referred to as pul se down or rank
down), and it is confirnmed whether the pulse up is carried out excessively.
A drive allowance of the stepping notor can be determned at tinme of
detecting an induced voltage (detecting signal) exceeding a predeterm ned
reference thteséw) d walihadgei vantisber ef @ragedMiena ifaiirs ddetver pubesl t hat
there is not the drive allowance, the pulse down is prohibited. By carrying

out the drharhgy eperapkeencadt@f nakébyrby tdHsngudse vigp P saskohpt pwo
polarities, stable driving is nmade to be realized while achieving | ow power

consunpt i oAndfidTebkeat iboWey @epebed GasE ireavhi el aldheughethere is the
drive allowance on one polarity side, there is not the drive allowance on

ot her pol agitye gudeechy mariradd 0ns aknacSteRHtge D@L Wed, sampefi od of
pul se down is nmade to be in confornlty with the polarity haV|ng the drive
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having the drive allowance. “In this case, in successive driving, a
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and the main drive pulse after down Is constltuted and 2 therefore,

a prOble”‘Qén?{hﬂﬂiQﬂe@ﬁ@yhjﬂ9959ggﬁh91s'éaPQﬁﬁpout excessively. A

drive allowance of the stepping motor can be determined at time
of detecting an induced voltége (detecting signal) exceeding
a predetermined reference threshold voltage, and therefore,
when it is determined that there is not the drive allowance,
the pulse down is prohibited.

By carrying out the driving operation alternately by
using drive pulses of two polarities, stable driving is made
to be realized while achieving low power consumption
formation.

However, in a case in which although there is the drive
aliowance on one polarity side, there is not the drive allowance
on other polarity side by variations of a stepping motor, when
a period of pulse down is made to be in conformity with the
polarity having the drive allowance, the pulse down is carried
out in conformity with the polarity having the drive allowance.
In this case, in successive driving, a combination of the
polarity which is not provided with the drive allowance and

the main drive pulse after pulse down is constituted, and



Further, when a state in which there is not the drive allowance by
variations in a train wheel |oad continues and a timng at which it is
rarely determned that there is the drive allowance and the period of pul se
down are overl apped, a problem of bringing about nonrotation in successive
driving is posed. SUMVARY OF THE INVENTION It is an aspect of the present
invention to prevent a nonrotation state from bei ng brought about even when
a drive allowance is changed by variations of a stepping notor or the

| i ke. Accordhagetord ha payendm ot birhagend SHAY hdedotasi@phisngosadt or

control circuit characterized in conprising rotation detecting nmeans for

detecting a detectisithesd, gndkbngenetai£dibyhicat ahéng B st@pphagarpyer, and
detecting a situation of rotating the stepping notor by whether the

detecting shgnabanexgsedsraaplhedet & i nedinelgeeNCrddreshahdekobt@ge in a
predeterm ned rotation detecting tinme period, and drive controlling neans
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drive pul ses of energies different fromeach other, or a correction drive
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pul ses in accordance with a detection result by t rotation detecting 3
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e ulse’is

driving by t main drive

is posed.

SUMMARY OF THE INVENTION

It is an aspect of the present invention to prevent a
nonrotation state from being brought about even when a drive
allowance is changed by variations of a stepping motor or the
like.

According to the invention, there is provided a stepping
motor control circuit characterized in comprising rotation
detecting means for detecting a detecting signal generated by
rotating a stepping motor, and detecting a situation of
rotating the stepping motor by whether the detecting signal
exceeds a predetermined reference threshold voltage in a

. predetermined rotation detecting time pericd, and drive
controlling means for controlling to drive the stepping motor
by any of a plurality of main drive pulses of energies different
fromeach other, or a correction drive pulse of an energy larger
than the energies of the respective main drive pulses in

accordance with a detection result by the rotation detecting



partitioned into a plurality of detection sections, and the drive

controlling neans prohibits a pul se down of the main drive
rotation detecting nmeans detects the detecting signal exceeding the

reference threshold voltage at the predeterm ned detection section.
rotation detecting tine period started i medi ately after driving by the

main drive pulse is partitioned to the

pul se when the

The

plurality of detection sections, and

the drive controlling neans prohibits the pul se dowmn of the main drive

pul se when nedis r othatrieon déeecvitagineadst eet ded stime rRatiact | Higp Higghal

exceeding the reference threshold voltage at the predeterm ned detection

secti on.

Thiewmeedimy eby cofistr uciredingcdnst ithet | oaim n dehiveh phbse drisve
controlling neans conprises a pul se down counter circuit

of outputting a

pul se down momtirtdlonstignato faroloontliol| ¢hHgidtectsiuln eettihes neamd dimieve pul se

to the pul se down when tinme is

counted for a predeterm ned tinme period,

drive pul sedrigenes:matiaid imeemsarfopretuttpitst & pg lsbeldw of dhe waipulsiereor the

correction drive pulse in correspondence with a pul se control

si gnal ,

and

subj ect i ng guissamahan dineveopat 5&n Hetkbeipy htendonst edtts aHEpddt ddt ireSpPONSe to
the pul se down control signal, nmotor driving neans for driving the stepping
mot or in responRse éreddiadrive pukseeddomhbeslsiyevput sge ganeraid ng neans,
and 4 controlling neans for outputting the pulse control signal for

control | i ng ARt hedr ¥ 8&: IBANRIQdri Ve the stepping notor

The rotation detecting time period started immediately
after driving by the main drive pulse is partitioned to the
plurality of detection sections, and the drive controlling
means prohibits the pulse down of the main drive pulse when
the rotation detecting means detects the detecting signal
exceeding the reference threshold voltage at the predetermined
detection section.

There may be constructed a constitution in which the
drive contrelling means comprises a pulse down counter circuit
of outputting a pulse down control signal for contreolling to
subject the main drive pulse to the pulse down when time is
counted for a predetermined time period, drive pulse
generating means for outputting the main drive pulse or the
correction drive pulse in correspondence with a pulse control
signal, and subjecting the main drive pulse to the pulse down
to output in response to the pulse down control signal, motor
driving means for driving the stepping motor in response to

the drive pulse from the drive pulse generating means, and



by the main drive pulse of any of the plurality of main drive pulses of the
energies different fromeach other, or the <correction drive pulse of the
energy larger than the energies of the respective nmain drive pul ses based
on the detection result by the rotation detecting neans, wherein the
rotation detecting tinme period is partitioned to a first detection section
imedi ately after driving by the main drive pulse, a second detection
section after the first detection section, and a third detection section
after the secondodeirarneans ecbibpyt oy whereilsd kentont raoldniadgt ereans
controls the main drive pulse so as not to be subjected to the pul se down
by resettingnthel hilgsehdowhocalmitvemgoeaod to wrenetttie sod@tirgnmotet ecti ng
nmeans detects the detecting signal exceeding the reference threshold

vol t age at bhetHd mati ndét Bot pod seecf iay. oEuthderlurithere siynahe donséructed a
constitution in which the drive controlling neans conprises a pul se down
signal genpudtéNgoti theli knotg et pul tfagerit pftee dovm stighsl dorthsubjecting
the main drive pulse to a pul se down control at a predeterm ned period,

drive pul secgepecatdmariansufay ofOtiPuhbirgg tdeydmitRafdrineecputgeeor the
correction drive pulse in correspondence wth the pulse control signal, and

subj ecting bhetpdi FreghidMa vRUMSE Nt aribe Pyl $&s dowrd GrodthRUHetbBLE8SPONSE tO
t he pul se down signal, notor driving neans for 5 driving to rotate the
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polarity, and the drive pul se of

detecting time period is partitioned to a first detection

section immediately after driving by the main drive pulse, a

second detection section after the first detection section,

and a third detection section after the second detection

section, and wherein the controlling means controls the main

drive pulse so as not to be subjected to the pulse down by

resetting the pulse down counter circuit when the rotation

detecting means detects the detecting signal exceeding the

reference threshold voltage at the first detection section.

Further, there may be constructed a constitution in which

the drive controlling means comprises a pulse down signal

generating circuit of outputting a pulse down signal for

subjecting the main drive pulse te a pulse down control at a

predetermined period, drive pulse generating means for

cutputting the main drive pulse or the correction drive pulse

in correspondence with the pulse control signal, and

subjecting the main drive pulse to the pulse down to output

in response to the pulse down signal, motor driving means for



a second polarity different fromthe first polarity froma first and a
second drive termnals in response to the drive pulse fromthe drive pul se
generating nmeans, and the controlling nmeans for outputting the pul se
control signal for controlling the drive pulse generating neans to drive
the stepping notor by the main drive pulse of any of the plurality of main
drive pulses of energies different fromeach other, or the correction
drive pul se of the energy larger than the energies of the respective main
drive pul se¥iydgedtorrothéedeiestepnipedyitorhyy alfernetal v orviatydegi ng neans,
wherein the rotation detecting time period is partitioned into a first

det ecti on ddct idenvei pukek atfeley fafrserpdldwitg Bynd hbendrhvelriwesepolfse, a
second detection section after the first detection section and a third

det ecti on sesttom pblerithdiséenat dedrchieon rsache ooy i tgnfiromadrigistt when
driven by the main drive pulse of the predetermned first polarity and the
mai N drive gnd sesetohbedpiedeateeminaéd isecormbrzel ani tiie dheveqntisel | i ng
nmeans determ nes whether the pulse down is carried out based on the

det ecti on rfesu tthikavirige puss@l deieditiiveg alkbavanesdi thé heotetcadtiingn resul t
when driven to rotate by the main drive pulse of the first polarity and

t he det ect imman=esot tourpan tdnveie balsetaire My § hendamimbrdsémeroliuinge of the
second polarity, and when the pul se down is not <carried out, the

control | i ngHears veopi Y gepuehtiRgtnddies pul 8eivd th@VBLe8pENRY raaRAT ati ng
circuit does not output the pulse down signal to the drive pul se generating
means. by the main drive pulse of any of the plurality of main drive
pulses of energies different fromeach other, or the correction
drive pulse of the energy larger than the energies of the
respective main drive pulses based on the detection result by
the rotation detecting means, wherein the rotation detecting
time period is partitioned into a first detection section
immediately after driving by the main drive pulse, a second
detection section after the first detection section and a third
detection section after the second detection section, and
wherein when driven by the main drive pulse of the predetermined
first polarity and the main drive pulse of the predetermined
second polarity, the controlling means determines whether the
pulse down is carried out based on the detection result having
a smaller drive allowance in the detection result when driven
to rotate by the main drive pulse of the first polarity and
the detection result when driven to rotate by the main drive

pulse of the second polarity, and when the pulse down is not

carried out, the controlling means controls such that the pulse



Further, there may be constructed a constitution in which the drive
controlling neans conprises a pul se down counter circuit of outputting a
pul se down control signal for <controlling to subject the nmain drive pul se
to a pulse down when tinme is counted for a predeterm ned period, drive
pul se generating neans for outputting the main drive pulse or the
correction drive pulse in correspondence with a pulse control signal, and
subjecting the main drive pulse to the pulse down to output in response to
t he pul se dewwnceongnal gehgratinguotiocuidr dvengoreanspitotherpvi gy downr ot at e
the stepping notor by alternately supplying the drive pulse of a first
polarity andignhé dpi viee pilsee gfulzesgeondapoharmeangi fferent fromthe first
polarity froma first and a second drive termnals in response to the drive
pul se fromthe driFuetipatsehgeaengthiangomeans;teaha ccoonitotiomgnmdans f or
outputting the pulse control signal for <controlling the drive pul se

gener ati ng neansirtoedtbierd heingreppisngomtosebyat hel smidowlt iataimpelrse of any
of the plurality of main drive pulses of the energies different from each
other, or theceokresti eatgutvendulasep@lsd heoeerephdrangesiyhan tie
energies of the respective main drive pulses based on a detection result by

the rotationcietecting t@aNSHjeMetanmihe dF OiatiuoBededestpuiigsd igmperiod is
partitioned to a first detection section imrediately after driving by the

main drive ywhepUl$Re & $eGARdAE Gt heBdsEELh P @it ohiheati vStpdetect i on

section and a third detection section after the second
generating means for outputting the main drive pulse or the
correction drive pulse in correspondence with a pulse contrel
signal, and subjecting the main drive pulse to the pulse down
to output in response to the pulse down control signal, motor
driving means for driving to rotate the stepping motor by
alternately supplying the drive pulse of a first polarity and
the drive pulse of a second pelarity different from the first
polarity from a first and a second drive terminals in response
to the drive pulse from the drive pulse generating means, and
controlling means for outputting the pulse control signal for
controlling the drive pulse generating means to drive the
stepping motor by the main drive pulse of any of the plurality
of main drive pulses of the energies different from each other,
or the correction drive pulse of the energy larger than the
energies of the respective main drive pulses based on a
detection result by the rotation detecting means, wherein the

rotation detecting time period 1is partitioned to a first

detection section immediately after driving by the main drive



detection section, and wherein the controlling neans controls the pul se
down counter circuit so as not to output the pulse down control signal when

it is determned that the detection

result detects the detecting signa

exceeding the reference threshold voltage at |east at the first detection

section

alternately in reference to detection results in driving by

t he

drive pulse of the first and the second polarities. Further, according to
the invention, there is provided an analog electronic tinepiece
characterized by an analog electronic tinmepiece including a stepping notor
of driving P8lseotamtsecenti gatpahion #8¢taost eppehg-fotfdrscoAeE8Fte?R cuit of

controlling the stepping notor, wherein as the stepping notor

contr ol

circuit, théesteppi Agdnot oFhtoht Aeteetieui seatton dipdgert dishyseaendescri bed
above is used. According to the stepping notor control circuit according to
the inventidate¢tiganebelpnevadt ek tdiat Thheconmtaeldtagingast apatielhr ought
about even when the drive allowance is changed by variations in the
st eppi ng notbe wrlse kewhi keuntrur thecpiaceorad mgtt bo thetmnaltbg pliegtroni c

ti mepi ece

according to the invention, it can be prevented that the

nonr ot at i ondsvataritsrdir eughsl abeut ieven ddtenrtiheddrhate thed Hewanteons changed
by the variations in the stepping notor 8 or the |like, and accurate tine
counti ng opeeatloriaartse caar déeebtiog signal exceeding the reference

threshold voltage at least at the first detection section
alternately in reference to detection results in driving by
the drive pulse of the first and the second polarities.

Further, according to the invention, there is provided
an analog electronic timepiece characterized by an analog
electronic timepiece including a stepping motor of driving to
rotate a time hand, and a stepping motor contrel circuit of
controlling the stepping motor, wherein as the stepping motor
control circuit, the stepping motor control circuilt according
to any one described above is used.

According to the stepping motor control circuit
according to the invention, it can be prevented that the
nonrotation state is brought about even when the drive
allowance is changed by variations in the stepping motor or
the like.

Further, according to the analog electronic timepiece
according to the invention, it can be prevented that the
nonrotation state 1is brought ‘about even Wwhen the drive

allowance is changed by the variations in the stepping motor



BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a block diagram of an anal og
el ectronic tinepiece according to an enbodi nent of the invention; Fig. 2 1is
a constitution view of a stepping notor used in an anal og el ectronic
ti mepi ece according to respective enbodinents of the invention; Fig. 3 is a
timng chart for explaining operations of a stepping notor control circuit
and an anal og electronic tinepiece according to respective enbodi nents of
the invention; Fig. 4 is a timng chart for explaining operations of a
st eppi ng notcartioontkel acdrauduraded: iare anal oigiedret aoimrccan brapiraéedaccor di ng
to the enbodi mrent of the invention; Fig. 5is a timng chart for explaining
operations afut.a stepping notor control circuit and an anal og el ectronic
ti mepi ece according to the enbodi ment of the invention; Fig. 6 is a timng
chart for explaining operations of a stepping notor control circuit and an
anal og el ectronic tinepiece according to the enbodi nent of the invention;
Fig. 7 is a timng chartBHIEF @LEICALRTDON OpEI'BiE wrRWaNGsa st eppi ng not or
control circuit and an analog electronic tinmepiece according to the
enbodi ment of theriigventiin;a9okbgk 8ih§ramdeteram natdlery cdlasdtrehiexpl ai ni ng
operations of a stepping notor control circuit and an anal og el ectronic
timepi ece aaGaegiiRget AcEE8RERY | Ue HITRABLABALSL Obf tH: invention;
Fig. 2 is a constitution view of a stepping motor used
in an analog electronic timepiece according to respective
embodiments of the invention;
Fig. 3 is a timing chart for explaining operations of
a stepping motor control circuit and an analog electronic
timepiece according to respective embodiments of the
invention;
Fig. 4 is a timing chart for explaining operations of
a stepping motor control circuit and an analog electronic
timepiece according to the embodiment of the invention:
Fig. 5 is a timing chart for explaining operations of
a stepping motor control circuit and an analog electronic
timepiece according to the embodiment of the invention;
Fig. & is a timing chart for explaining coperations of
a stepping motor control circuit and an analog electronic
timepiece according to the embodiment of the invention;
Fig. 7 is a timing chart for explaining operations of

a stepping motor contrel circuit and an analog electronic

timepiece according to the embodiment of the invention:



invention; Fig. 9 is a flowhart show ng operations of a stepping notor
control circuit and an analog el ectronic tinepiece according to the

enbodi ment of the invention; Fig. 10 is a flowhart show ng operations of a
stepping notor control circuit and an anal og el ectronic tinepiece
according to other enbodi nent of the invention; Fig. 11 is a flowhart
showi ng operations of a stepping notor control circuit and an anal og

el ectronic tinmepiece according to still other enbodi ment of the invention;
Fig. 12 is a bl odkudi digsandef eanimnaloycked ecof ol a i imgpdreera tbdcooy ding to
still other enbodinment of the invention; Fig. 13 is a timng chart for

expl ai ni ng ober ateppsnofmotarstepprny amtcod tcand ragl aciarleogi ¢l eridranicanal og

el ectronic tinepiece according to still other enbodi ment of the invention;
Fig. 14 is ainemiag chacbriiongexpd ai respgcaperat enhsdohentas steppitige not or
control circuit and an analog electronic tinepiece according to still other

enbodi nent oivdidteion;nvention; Fig. 15 is a timng chart for explaining
operations of 10 a stepping notor control circuit and an anal og el ectronic
timepi ece accordimig.t 0 54 id F1el/braremeiimgnbpotfat hiens iofvendt«eping
motor control circuit and an analog electronic timepiece
according to the embodiment of the invention;

Fig. 10 is a flowchart showing operations of a stepping
motor control circuit and an analog electronic timepiece
according to other embodiment of the invention;

Fig. 11 is a flowchart showing operations of a stepping
motor control circuit and an analog electronic timepiece
according to still other embodiment of the invention;

Fig. 12 is a block diagram of an analog electronic
timepiece according to still other embodiment of the
invention;

Fig. 13 is a timing chart for explaining operations of
a stepping motor control circuit and an analog electronic
timepiece according to still other embodiment of the
invention;

Fig. 14 is a timing chart for explaining operations of
a stepping motor control circuit and an analog electronic
timepiece according to still other embodiment of the

invention;

Fig. 15 is a timing chart for explaining operations of
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Fig. 16 is a timng chart for explaining operations of a stepping notor
control circuit and an analog electronic tinepiece according to still other
enbodi mrent of the invention; Fig. 17 is a flowhart show ng operations of a
stepping notor control circuit and an anal og el ectronic tinepiece

according to still other enbodi ment of the invention; Fig. 18 is a flowhart
showi ng operations of a stepping notor control circuit and an anal og

el ectronic tinmepiece according to still other enbodi ment of the invention;

Fig. 19 is a tkepshagt nshom aghoRer ations tofand ShepPiaNedg tek r68Dé I O
circuit and an anal og el ectronic tinepiece according to still other

enbodi ment  efiméPeetaVeHdAing Jro20si S112 fhawehastnrSdond g oper akbons of a
stepping notor control circuit and an anal og el ectronic tinmepiece

according tonsthti,Qt her enbodi nent of the invention; Fig. 21 is a block
di agram of an analog electronic tinmepiece according to still other

embodi ment of theg; 4 MGG LOD:e ity 2Rak® fod LILAG: DAL toddila @tRlAbAI g

operations of a stepping notor control cirecui og electronic

ti mepi ' il i f. 1 i Lgn. Fig. 23
5ot Em ng e pPRRk Cndbpt ) eoh D SRR el Ml bl SRR 61 O

circuit andt?ﬁeﬁf@égg §éé§¥&f%glcto still other embodiment of the

invention;

Fig. 17 is a flowchart showing operations of a stepping
motor contrel circuit and an analog electronic timepiece
according to still other embodiment of the inventiocn;

Fig. 18 is a flowchart showing operations of a stepping
motor control circuit and an analog electronic timeplece
according to still other embodiment of the invention;

Fig. 19 is a flowchart showing operations of a stepping
motor control circuit and an analog electronic timepiece
according to still other embodiment of the invention;

Fig. 20 is a flowchart showing operations of a stepping
motor control circuit and an analog electronic timepiece
according to still other embodiment of the invention;

Fig. 21 is a block diagram cof an analog electronic
timepiece according to still other embodiment of the
invention;

Fig. 22 is a timing chart for explaining operations of
a stepping motor control circuit and an analcocg electronic

timepiece according to still other embodiment of the
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ti mepi ece according to still other enbodinent of the invention; Fig. 24 is
a timng chart for explaining operations of a stepping notor control
circuit and an anal og el ectronic tinepiece according to still other

enbodi nent of the invention; Fig. 25 is a timng chart for explaining
operations of a stepping notor control circuit and an anal og el ectronic

ti mepi ece according to still other enbodinent of the invention; Fig. 26 is
a flowchart showi ng operations of a stepping notor control circuit and an
anal og el ecitdvemitG ohi; mepi ece according to still other enbodi nent of the

invention; Fig. 27 is a flowhart show ng operations of a stepping notor

control circuit ang.aps a;rmlaogiﬁiﬁ%t&ﬁ&itcfbkn&péﬁ:ielir@cggégsﬂgow till other
enbodi ment of the invention; and Fig. 28 is a flowhart show ng operations

of a steppiNGtdBYifly GRIMISrOl-cRick6Yi Ei@agi@naﬁ@agﬁga§$§%€r@m@tédrmepi ece
according to still other enbodi ment of the invention. SCRI PTI ON OF THE

PREFERRED EMAIMENTSaELGralnd S 2 bLocky di sgram ofu,281q8akogy ! qatd oni ¢ 12

ti mepi ece using a stepping notor control circuit according to an enbodi nent
of the inventj io%bomﬁng an exanple of an analog electronic wistwatch. In
Fig. 1, an analog electronic tinmepiece includes an

Fig. 24 is a timing chart for explaining operations of
a stepping motor control circuit and an analog electronic
timepiece according to still other embodiment of the
invention;

Fig. 25 is a timing chart for explaining operations of
a stepping motor control circuit and an analog electronic
timepiece according to still other embodiment of the
invention;

Fig. 26 is a flowchart showing operations of a stepping
motor control circuit and an analog electronic timepiece
according to still other embodiment of the invention;

Fig. 27 is a flowchart showing operations of a stepping
motor control circuit and an analog electronic timepiece
according to still other embodiment of the invention; and

Fig. 28 is a flowchart showing coperations ¢f a stepping
motor control circuit and an analcg electronic timepiece

accerding to still other embodiment of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a block diagram of an analog electronic

12



oscillating circuit 101 of generating a signal of a predeterm ned
frequency, a dividing circuit 102 of generating a tinepiece signal
constituting a reference of tine counting by dividing a signal generated at
the oscillating circuit 101, a control circuit 104 of carrying out a
control of controlling respective electronic circuit elenments constituting
an electronic tinepiece, controlling to change a drive pulse or the Ilike,
a pul se down counter circuit 103 of outputting a pulse down control signa
for carryi ngingpipd 3@ idawn Ofepp iAginbtdid vent pul sa rahen #cddmEpiceee si gnal
fromthe dividing circuit 102 is counted for a predetermned tinme period

and startingnaryoiRnet@Ut kRg ORRMALLAN AGAIIMPEA ekanpSellti Aigadatoynt val ue
in response to a reset signal fromthe control circuit 104 and a

correction drkverptd sedfrpagarrection drive pulse generating circuit
106, a main drive pulse generating circuit 105 for selecting and outputting

a main drive pul sg, ;i for dhi ¥hAfod @ 1Rtale 1khe i ABp pLcdased @R saapont r ol
signal fromthe control circuit 104, the correction drive pul se generating

ci reuit 1060%19%9&&@ mﬁ&ﬁtwﬁbfctépn %fyde\i%taﬂﬁseap%mal dijsvipg to
rotate the notor based on a control signal fromthe control circuit 104, a

TOLOr Ot i VebrBhicUlhi A0 s9bqEhY NG K0y dhd BL3LE: ENYsLeRRag.RLgr 108 in

response to the main drive rrve pulse genera g
circuit 105a?‘99mé§‘lee cQ ! ﬁ%‘ii L& Ul ge %@QE@&C@o%ot!{n?e‘:tcio%t%i;"e pul se
generating circul 1c(?6, ? e stepprng notror ﬁ . an anal 0og
by dividing a signal generated at the oscillating circuit 101,
a control circuit 104 of carrying out a control of controlling
respective electronic circuit elements constituting an
electronic timepiece, controlling to change a drive pulse or
the like, a pulse down counter circuit 103 of outputting a pulse
down control signal for carrying out pulse down of a main drive
pulse when a timepiece signal from the dividing circuit 102
" is counted for a predetermined time period and starting a time
counting operation again after resetting a count value in
response to a reset signal from the control circuit 104 and
a correction drive pulse from a correction drive pulse
generating circuit 106, a main drive pulse generéting circuit
105 for selecting and outputting a main drive pulse Pl for
driving to rotate the motor based on a control signal from the
control circuit 104, the correcticn drive pulse genservating
circuit 106 of outputting the correcticn drive pulse P2 for

driving to rotate the motor based on a control signal from the

contrel circuit 104, a motor driver circuit 107 of driving to
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di splay portion 110 driven to rotate by the stepping notor 108 and having a
time hand for displaying tinme, and a rotation detecting circuit 109 of
detecting a detecting signal in correspondence with an induced voltage in
accordance with rotation of the stepping notor 108 in a predeterm ned
rotation detecting time period. Further, the control circuit 104 is also
provided with a reset function of restarting a counting operation from an
initial value by resetting the pul se down counter circuit 103 wunder a

const ant candidtieonheantdegpinnaetdter assainetenianse tsethéeanaidetdrimeni ng
circuit of determning at which detection section the detecting signal is
det ect ed bypwlyparbng Ha MRiOdridet@eidengene tet vof chgesignals anditeat i ng t hat
the stepping notor 108 is rotated by the rotation detecting circuit 109 and

a detecti oncseeidarnof deetechiinge t Heoaetiatd | BErségnddn drtiktheiulsas
described later, a rotation detecting time period of detecting whether the

steppi ng MydHe 8 nlgs Siekated1bs, PREt btéemadh tibtdy emgletactdran cgect i ons.
The rotation detecting circuit 109 is constructed by a constitution simlar

to that of @ dOtAt hep: 06t aqbi g v eYidoradessy ichedst dpPatenbe Refergence 1
menti oned above, for detecting 14 the detecting signal i'n correspondence

wi th the i nducef iyl Lagenexgerd aAdet g igd, r &l grencs dihrgshol d
voltage Vconp when the rotor of the stépping notor 108 carries out a
moverent equale 49 rf 3308 RN & NS ANhSReGE RS HiRA £3%81 in
correspondence with an induced voltage in accordance with
rotation of the stepping motor 108 in a predetermined rotation
detecting time period.
Further, the control circuit 104 is also provided with
a reset function of restarting a counting operation from an
initial value by resetting the pulse down counter circuit 103
under a constant condition, and a function as a detection
section determining circuit of determining at which detection
section the detecting signal is detected by comparing time of
detecting a detecting signal indicating that the stepping
motor 108 is rotated by the rotation detecting circuit 109 and
a detection section of detecting the detecting signal.
Further, as described later, a rotation detecting time period
of detecting whether the stepping motor 108 is rotated 1is
partitioned to three detection sections.
The rotation detecting circuit 109 is constructed by a

constitution similar to that of a rotation detecting circuit

described in Patent Reference 1 mentioned above, for detecting

14



of rotating the stepping notor 108 or the |like, and does not detect the
detecting signal exceeding the reference threshold voltage Vconp when the
rotor of the stepping notor 108 does not carry out the novenent equal to or
faster than the constant speed as in a case of not rotating the stepping
notor 108 or the like. Further, the oscillating circuit 101 and the
dividing circuit 102 constitute signal generating neans, and the anal og

di splay portion 110 constitutes tine displaying nmeans. The rotation

det ecting ctheuidet:09iagnstighut es o ot@t teypadeli-eeti ng threans, iaddcéde control
circuit 104 constitutes controlling mneans. The main drive pul se generating

circuit 105vabdagdexceetlf§ld predidt artnipldds e ernaidd tRgeshé TRIvb1186e
constitute drive pulse generating neans. The notor driver circuit 107

constit ut esvapkerwihr WhagroEanSt kuet Beéppime sl Lasi dgrricds eukta 101, the
dividing circuit 102, the pul se down counter <circuit 103, the control

circuit 104pctBgemBidqudii ¥8 RUESELe MEMHAL I NG GiaheUspeddos LHQ eREEECEiON
drive pul se generating circuit 106, and the notor driver circuit 107

constitute dii Ve 2R koLl kPG Srotbir0108 45 tReCONRL LA QR4 gyt Of a
stepping notor used 715 in respective enbodi nents of the invention, a

consti t Ut ofer i eWral g SLEAR] 094 D1 A OTRY 4t BLkopLnelRadiuRALE

mentioned |ater, show ng an ‘exa f a steppling notor a tinmepiece

which is gepgially Hsgd WAl 9,8l ELHANISE LLIRD £5€0r 108 does

not carry out the movement equal to or faster than the constant
speed as in a case of not rotating the stepping motor 108 or
the like.

Further, the osgiilating circuit 101 and the dividing
circuit 102 constitute signal generating means, and the analog
display portion 110 constitutes time displaying means. The
rotationwjetécting'circuit 109 constitutes rotation detecting
means, and the control circuit 104 constitutes controlling
means. The main drive pulse generating circuit 105 and the
correction drive pulse generating circuit 106 constitute drive
pulse generating means. The motor driver circuit 107
constitutes motor driving means. Further, the oscillating
circuit 101, the dividing circuit 102, the pulse down counter
circuit 103, the control circuit 104, the main drive pulse
generating circuit 105, the correcticn drive pulse generating
circuit 106, and the motor driver circuit 107 constitute drive
concrolling means.

Fig. 2 is a constitution view of a stepping motor used
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In Fig. 2, the stepping notor 108 includes a stator 201 having a rotor
contai ning through hole 203, a rotor 202 rotatably arranged at the rotor
cont ai ni ng through hole 203, a nagnetic core 208 bonded to the stator 201,
and a coil 209 wound around the magnetic core 208. Wen the stepping notor
108 is used in an analog electronic tinepiece, the stator 201 and the
magnetic core 208 are fixed to a nmain plate (not illustrated) by a screw
(not illustrated) , and bonded to each other. The coil 209 includes a first
term nal OULl mwpextieeondooti emental o OWR2. iTkenkodbny 202onst nagnein zed to
two poles (S pole and N pole) At outer end portions of the stator 201
formed by avigwgnet seepmiref mator aophbhald 4Y1 ©Z qurecRisndnt st enterdedi nent)  of
notch portions (outer notches) 206, 207 are provided at positions opposed

to each ot hertdyy, sALREPYSHIMNEYxLhELE PYOR siCHH@iginb8ot Taught hede: 223.
Sat urabl e portions 210, 211 are provided between the respective outer

not ches 206,ni20Y iandiehBea1l @t @fef Ol AMiaRd1LHr SUSH: PO £ 203epiRecsat urabl e
portions 210, 211 are constituted not to be magnetically saturated by a

magnetic flux of 1heif0otor RO+ P SmbRIPalIsCahEYugal W akgdowhen the coil
209 is exerted to 167 increase a magretic resistance. The rotor containing

through = hol& 203 1 s-500s! Lt efh by, a:ahane, ofo e chosul ar ple inegrally

formed with a pluralify (2 in the enbodinment) of notch portions (inner

not ch) 2041réggigﬂlyaa§9995é&ﬁattQﬁer¥ggofﬂggﬂtgﬁnfﬂﬁtéﬂygﬁgh hole 203,
a magnetic core 208 bonded to the stator 201, and a ceoil 209
wound around the magnetic core 208. When the stepping motor
108 is used in an analog electronic timepiece, the stator 201
and the magnetic core 208 are fixed to a main plate (not
illustrated) by a screw (not illustrated), and bonded to each
other. The coil 209 includes a first terminal OUT1 and a second
terminal CUTZ.

The rotor 202 is magnetized to two poles (S pele and N
pole). At outer end portions of the stator 201 formed by a
magnetic material, a plurality {2 pieces in the embodiment)
of notch portions (outer notches) 206, 207 are provided at
positions opposed to each other by interposing the rotor
containing through hele 203. Saturable portions 210, 211 are
provided between the respective outer notches 206, 207 and the
rotor containing through hole 203.

The saturable porticns 210, 211 are constituted net to
be magnetically saturated by a magnetic flux of the rotor 202

but is magnetically saturated when the coil 209 is exerted to
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of a through hole having a circular contour opposed to each other. The
notch portions 204, 205 constitute positioning portions for determning a
position of stopping the rotor 202. In a state in which the coil 209 is not
excited, the rotor 202 is stably stopped at a position in correspondence
with the positioning portion, in other words, at a position (angle 00
portion) at which a magnetic pole axis A of the rotor 202 is orthogonal to
a line segnent connecting the notch portions 204, 205. An XY coordi nates

space centelinbgeaBea mabgakt NQ raxtista(tO! atlhenreest ebhtainihe thabayh202 is
partitioned into four quadrants (first quadrant | through fourth quadrant

V). Now, whenea(¥ iyeopdktseudéd dyr£ehapgulral cvavel of hene irpelakily is
supplied fromthe notor driver circuit 107 to between the term nals QUT1,

QUT2 of the re@nkd2BH(§ cg)rtueé@treye( 2 1@ thkdenfa iR thi s shot eh Poralk 0T
constitutes a positive pole, a side of the second termnal QUT2 constitutes

a negative RQhﬁ)ermotﬁ‘nﬂ 20GUIrIENE ni 4 's%a%d@f -0 ef ﬂtQY‘f 'Hﬁo%na@rgfo@\ﬁllgﬁ%k
direction of Fig. 2, at the stator 201, a nagnetic flux in an arrow mark

direction obraabepkedyliing J haoener aledoyiher 8Bk obieonsaldy abl eapartions

210, 211 are saturated and e magnetic 17 resistance 1S Increased,
thereafter, e@n |nteract|ve operation of a magnetic pole generated at the
stator 201 an a magnetic pole of the rotor 202, the rotor 202 is rotated

by 180 degrees i m,an 3t LAWTRLKALT 86k OBl E e 20 @A ioning

portions for determining a position of stopping the rotor 202.
In a state in which the coil 209 is not excited, the rotor 202
is stably stopped at a position in correspondence with the
positioning porticn, in other words, at a position {angle 80
portion) at which a magnetic pole axis A of the rotor 202 is
orthogonal to a line segment connecting the notch portions 204,
205, An XY coordinates space centering on a rotating axis
(rotation center) of the rotor 202 is partitioned into four
gquadrants (first quadrant I through fourth quadrant IV).
Now, when a drive pulse of a rectangular wave of one
polarity 1is supplied from the motor driver circuit 107 to
between the terminals OQUT1, QUT2 of the coil 209 (for example,
a side of the first terminal OUT1 constitutes a positive pole,
a side of the second terminal OUT2 constitutes a negative pole),
and a current i is made to flow in an arrow mark direction of
Fig. 2, at the stator 201, a magnetic flux in an arrow mark
direction of a broken line is generated. Thereby, the

saturable portions 210, 211 are saturated and the magnetic
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magnetic pole axis Ais stably stopped at a position of an angle 81.
Further, a rotational direction for naking the stepping notor 108 carry out
a nornmal operation (according to the enbodinment, a hand operating operation
owng to the analog electronic tinepiece) by driving to rotate the stepping
notor 108 (counterclockw se direction in Fig. 2) is made to constitute a
positive direction, and a direction reverse thereto (clockw se direction)
is made to constitute a reverse direction. Next, when a current is nmade to
flow in a comumtssanaer ol Mackedseact itbrrebfEeg, 2ypyasuppitgmgetaveri ve pul se
of areverse polarity fromthe notor driver circuit 107 to the term nals
QUT1, QUT2 @fertdhectiobt 20Rghkhecspele efenkhatbdrst tiher gtaabr G ands nmade to
constitute a negative pole, the side of the second termnal OUT2 is nade to
constitute & hagpesitipEl olfeth® r@eastdt uthepobasitiEs ikeyet se=d @yt hose in

t he above-described driving) , a magnetic flux is generated in a counter

arrow mark 1gh reeide@’ oh tReaRislenatkngi adctthe d@atwrg. 20, athereRy, the
saturabl e portions 210, 211 are first saturated, thereafter, by the

i nteractivenRpRtald @ Ohxi he 1RARELI ¢ RepgedenehgRd tidh dhansdrfier 201 and
t he magnetic pole olfgmt hexrot or 202, the Ip%g rotor 202 JLis r ot at er? by 180

degrees i n @y di FRELLOR, Neo8aTEOn S dilecRhENEr desenlihedcnand ddia sapgnet i ¢
pole axis Ais stably stopped at the position of the angle 90. Thereafter,
by supplyi ng,&i 9nales (ﬂ-}aﬁgfgnpd fé eLEMal operation ({according to the
embodiment, a hand operating operation owing to the analog
electronic timepiece) by driving to rotate the stepping motor
108 (counterclockwise direction in Fig. 2) 1is made to
constitute a positive direction, and a direction reverse
thereto (clockwise directicn) is made to constitute a reverse
direction.
Next, when a current is made to flow in a counter arrow
mark direction of Fig. 2 by supplying a drive pulse of a reverse
polarity from the motor driver circuit 107 to the terminals
OUT1, OUT2 of the coil 209 (the side of the first terminal OUT1
is made to constitute a negative pole, the side of the second
terminal OUTZ2 is made to constitute the positive pole to
constitute polarities reverse to those in the above-described
driving), a magnetic flux is generated in a counter arrow mark
direction of the broken line at the stator 201. Thereby, the
saturable portions 210, 211 are first saturated, thereafter,

by the interactive operation ¢f the magnetic pole generated

at the stator 201 and the magnetic pole of the rotor 202, the
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polarities (alternating signal) to the coil 209 in this way, the
above-descri bed operation is repeatedly carried out, and the rotor 202 is
constituted to be able to rotate continuously in the arrow mark direction
by respective 180 degrees. Further, according to the enbodi ment, as drive
pul ses, as described later, a plurality of main drive pul ses P10 through
Pl m having energies different fromeach other and a correction drive pul se
P2 are used. Arank n of a main drive pulse Pin is provided with a
plurality ofrotapkso®fid raysaacd ByNMUSD dddieee 0 ihoaad PBxd LN alcuganeand i s
constituted such that the larger the value of n, the larger the energy of

the pul se. Hheth€apbgethepcHibhd® pUbESEhPRabScBit Pode £0e gyipekselgapabl e of
driving to rotate an excessively large |oad and energy thereof is

constitut edstgppeqakputhd Gbdd MBSt B¢ LaEgengsetdmt of the nmain drive pul se
P1. That is, tﬁe respective drive pulses P10, Pln, Plm P2 are constituted

such that respecteye-piFser W dihss,Jheneel & gnapdento: gonsdildrdbent
P10<PI n<Pl nkP2. The main drive  pul'se Pl uses a nain drive pulse in a

conbt eet h S%ﬁ%ri%@@sd(all“r%rn%'%%gysi&%ﬁo‘;toi gn€hangeas oby; shangi ngya duty

ratio by making a pulse wdth constant.” I n an enbodi nent of the invention,

P9 30 @M Bgye Jo SNALSH0NE D0 B tiisMED0e Ol o4 ¥E0G B0 A CARING MOt OF

108, a rotation detecting timnhg and a Kih ive pulse used, and is

o TS EATE0L0, 2 LB PR L SR iR el B B 2
in the arrow mark direction by respective 180 degrees.
Further, according to the embodiment, as drive pulses,
as described later, aplurality of main drive pulses P10 througn
Plm having energies different from each other and a correction
drive pulse P2 are used. A rank n of a main drive pulse Pln
is provided with a plurality of ranks of from a minimum value
0 to a maximum value m and is constituted such that the larger
the value of n, the larger the energy of the pulse. The
correction drive pulse P2 is a large energy pulse capable of
driving to rotate an excessively large load and energy thereof
is constituted to be about 10 times the large as that of the
main drive pulse P1. That is, the respective drive pulses P10,
Pin, Plm, P2 are constituted such that respective pulse widths
thereof are made to constitute P1O<PIn<Plm<P2. The main drive
pulse Pl uses a main drive pulse in a combteeth shape, and drive
energy therecf is changed by changing a duty ratio by making

a pulse width constant.

In an embodiment of the invention, Fig. 3 is a timing

19



driven by the main drive pulse P1 and the correction drive pulse P2. A
rotation detecting tine period of detecting whether the stepping notor 108
is rotated is provided imediately after a drive tinme period P1 driven by
the main drive pulse P1. The rotation detecting time period constitutes a
predetermned tinme period inmmediately after driving by the main drive pul se
Pl by a first detection section Ti, constitutes a predetermned tinme period
after the first detection section Ti by a second detection section T2, and
consti t ut esharfir edet eidgn ed rliinge o f per i wich@aftter sthppsegantd detl€dt,i an section
by a third detection section T3. In this way, a total of the rotation
detecting tdowmtpeni adtest atd ivighingead ad elnhdafdrer drivé ngilye tkedpain drive
pulse P1 is partitioned into a plurality of detection sections (according

to the enbedidresta tiikrieg dBhettdMcseebi HNB oli embbAOMEN: I e sNotidkion Pl
designates the main drive pulse and designates a driving tine period of

driving by itheMBhAddld Ve tipingecRhas WRld .thEheteppRe§ihve alectison
sections Tl through T3 are detection sections when driven by the single

main drive qAWesey Pl Ohal Rty SaE, P AL hg FRE EREFect £0HPSVOLRe 20
respective detecti‘on sections Tl through T3 may be set to establish, for

exanpl e, agwelationship of second detection section T2<first detection
section Tl < third detection section T3. According to the enbodinent, a

mask section C0n§t£5fgéfgk detecting time period of detecting whether
the stepping motor 108 is rotated is provided immediately after
a drive time period P1 driven by the main drive pulse P1. The
rotation detecting time period constitutes a predetermined
Lime period immediately after driving by the main drive pulse
Pl by a first detection section Tl, constitutes a predetermined
time period after the first detection section T1 by a second
detection section T2, and constitutes a predetermined time
period after the second detection section by a third detection
section T3.

In this way, a total of the rotation detecting time period
starting immediately after driving by the main drive pulse P1
is partitioned into a plurality of detection sections
{(according to the embodiment, three detection sections T1
through T3). Notation Pl designates the main drive pulse and
designates a driving time period of driving by the main drive
pulse Pl aswell. The respective detection sections Tl through
T3 are detection sections when driven by the single main drive

pulse Pl of the same polarity. Further, lengths of the
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a tinme period of not detecting the detecting signal VRs is not provided.
Further, "inmmediately after driving by the main drive pulse P1' signifies
imrediately after a tinme point at which rotation is nade to be able to be
detected substantially, and signifies a tine point at which a rotation is
made to be able to be detected after an el apse of a predeterm ned tine
period wthin a sanpling period (for exanple, about 0.9nmsec) during which
a sanpling processing for detecting the rotation after finishing driving by

the main drireeppit $@e 2de€artnnin ba:@airdrised: aurough @3t ma® pei Bktatber an
el apse of a predetermned tinme period at which an induced voltage generated

by an end pestse1i6h, drbvidehmdf1d,he mRilAtdbhyei pubsesdldorkf fRekstanni nfl uence
on the rotation detection. en the XY coordi nates space at which the main

magneti c p%'e%t@prTzQi‘ir Ol o204 ohSs AlicsRAsAdc lB){iEg?ie“c%%%f?%eic%ion

partitioned to first quadrant | through fourth quadrant IV centering on the

rotor 202 a%BS.hoﬂ\Ehé&ydiﬁr?gtégzchef Eﬁﬁ&dﬂﬁér@@,t iaofﬁla lf%%t:itg_?_ﬂ-ali&torfsmi@d@ﬂnghi rd

detection section T3 ca represented as foll ows. in a“state of

S,
a normal | oad, frst cti - t] i .1.S t ian,section of
determ ni ng%at%%@?terllgos?fﬁég %I%%;Ccttll %ﬁ%tda%%%g%lg?t%%r%gln?g% J"t (ral rotor 202
inthird qg&%&@g&dlll of the space centering on the rotor 202 and a

detection section of determning first reverse direction

Further, ‘immediately after driving by the main drive
pulse Pl’ signifies immediately after a time point at which
rotation is made to be able to be detected substantially, and
signifies a time point at which a rotation is made to be able
to be detected after an elapse of a predetermined time period
within a sampling period (for example, about C.9msec) during
which a sampling processing for detecting the rotation after
finishing driving by the main drive pulse Pl cannot be carried
out, or a time point after an elapse of a predetermined time
period at which an induced voltage generated by an end per se
of driving of the main drive pulse P1 effects an influence on
the rotation detection.

When the XY coordinates space at which the main magnetic
pole A of the rotor 202 is disposed by the rotation is
partitioned to first quadrant I through fourth guadrant IV
centering on the rotor 202 as shown by Fig. 2, first detection
section T1 through third detection section T3 can be
represented as follows.

That is, in a state of a normal load, the first detection
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rotation situation, the second detection section T2 is a detection section
of determning first reverse direction rotation situation of the rotor 202

inthird quadrant Il1l, and the third detection section T3 is a detection
section of determining a rotation situation after first reverse direction
rotation of the rotor 202 in third quadrant 1l11. Here, the nornmal |oad

signifies a load driven at normal tinme, and according to the enbodi nent, a
| oad when a tine hand is driven is made to constitute normal |oad. The main
drive pulse P1 is outputted fromthe main drive pulse generating circuit
105 by t he seentibal Taf itshes ciEtercalioncigectiibnl04, dendrinheisteppifagshot or 108
is driven to rotate by the notor driver circuit 107. In this case, when the
det ecti ng siognak vefdideetinducat tiohtaige axoaed tige trhe orpr &l et ehnirded
reference threshold voltage Vconp is not detected by the rotation detecting

circuit 109nemveaniknTamyocodftnd hgpet echirenisgchh oitse THoddy augh ah3, at he
correction drive pulse P2 is outputted fromthe correction drive pul se

gener at i ng deltle@ttli bnlQ@e cRY ohhe rC ot ok nhhe 169Rt rlyeGiskC U trect@én the
stepping notor 108 is forcibly driven to rotate by the notor driver circuit

107, ther eaff@kioRr akedabyoR, brake se28nQUhseePR orfl Secdishons ap gxanple in
a case in which in the enbodi nent, when the stepping notor 108 is driven by
the main i@ tRBhS&RLioAtl Jhejsecand dst eatken [S8ei@n didediNen

rotation situation of the rotor 202 in third guadrant II1II, and

the third detection section T3 is a detection section of

determining a rotation situation after first reverse direction

rotation of the rotor 202 in third guadrant III. Here, the

normal Jload signifies a load driven at normal time, and

according to the embodiment, a load when a time hand is driven

is made to constitute normal load.

The main drive pulse Pl is outputted from the main drive

pulse generating circuit 105 by the control of the control

circuit 104, and the stepping motor 108 is driven to rotate

by the motor driver circuit 107. In this case, when the

detecting signal of the induced voltage exceeding the

predetermined reference threshold voltage Vcomp is not

detected by the rotation detecting circuif 109 even in any of

the detection sections T1 through T3, the correction drive

pulse P2 1s outputted from the correction drive pulse

generating circuit 106 by the control of the control circuit

104, the stepping motor 108 is forcibly driven to rotate by

the motor driver circuit 107, thereafter, braked by a brake
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detecting signal exceeding the reference threshold voltage Vconp is

detected by the rotation detecting circuit 109. In this case, in first

detection section flag KKT1 through third detection section flag KKT3 in

correspondence with the first detection section Ti through the third
detection section T3 of the control circuit 104, the second detection

section flag KKT2 is set to the control circuit 104 at atimng in

synchronism wth the detecting signal, and a pul se down control signal
is outputtegulieect hR. main drive pul se generating circuit 105
down counter circuit 103 after an el apse of the

DOMN

fromthe pul se
rotation detecting tine

period. The main Htgvedpyhses ganexampng Cin clli taddSichangels thethmi n drive

pulse P1 to a main drive pulse of drive energy smaller by 1 rank in
response tembbaipshsge v tBEONMTRpisiggnat o DAV (& efericedbl orias matihse

or rank down). Fig. 5 shows an exanple in a case in which in the

enbodi ment, gwhen the sst eppi NG NPAOT sd08ndi S gdeb¥eNoPY skbeidmi 12, dihge pul se
P1, at the first detection section Tl and the second detection section T2,

the detectipgrsbgnry sxgeedi figdha ngr eher ea¢eEhreshotbnnld aga t¥egen is
detected by the rotation detecting circuit 109. 23 In this case, the first

detecti on seehhn {1 JKTL p3nche Lheasecandodetenty eaxsesti ol ag KKT2 of

t he control

circuit 104 are tespectively set t o at timngs in

down

synchroni smyyiitfoo dhe idet ecti . SLODBh St ihe -k rdet BFLiON 386k on T

and

detection section flag KKT3 in correspondence with the first
detection section T1 through the third detection section T3
of the control circuit 104, the second detection section flag
KKTZ is set to the control circuit 104 at a timing in synchronism
with the detecting signal, and a pulse down control signal DOWN
is outputted to the main drive pulse generating circuit 105
from the pulse down counter circuit 103 after an elapse of the
rotation detecting time period. The main drive pulse
generating circuit 105 changes the main drive pulse Pl to a
main drive pulse of drive energy smaller by 1 rank in response
to the pulse down control signal DOWN (referred to as pulse
down or rank down).

Fig. 5 shows an example in a case in which in the
embodiment, when the stepping motor 108 is driven by the main
drive pulse P1, at the first detection section Tl and the second
detecticn section T2, the detecting signal exceading the
reference threshold voltage Vcomp is detected by the rotation

detecting circuit 109.
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t he second detection section T2. The control circuit 104 resets the pul se
down counter circuit 103 when the detecting signal indicating that it is
rotated is detected at the first detection section Ti regardl ess of
situations of other detection sections T2, T3, and therefore, resets the
pul se down counter circuit 103 sinultaneously with setting the first
detection section flag KKT1. In this way, the pul se dowmn counter circuit
103 is reset by using the first detection section flag KKT1. That is, the
control circuit If4hieseise, the pidseddosnt caustetichrfidaigtKAOB, anhdt he tim ng
in synchronism with the first detection section flag KKT1. According to the
enbodi ment thiehee pihs eedownicn W @Erioti f il KKIO30 £aitldd Boesrdheircasetti ng
operation during a tine period in which the first detection section flag

KKT1 is at 1isghrd evepectangsiSt 0ps thleet b @set ity LPLLGFhaRonbet wiiRe first
detection section flag KKT1 is at low level, and starts again the counting

operation fuhemietBeriny tdiinaval ue. tifberahy ddhecpubiesdombeant kel si gnal
DOMN is not outputted fromthe pul se down counter circuit 103, and

therefore, tthe smioRadaky¥ecPubgesBd-isn net. suljectsd 1 pyl-saitdawn. Fig. 6
shows an exanple of a case in which in the 24 enbodi nent, when the stepping

motor 108 g drikVeRl Dy, 1iae 4BRh Neo i e cPYES S Flys %ﬁne&h@hé hdid dghgetion
section T3, the detecting signal exceeding the reference threshol’d voltage
veonp i's  daigghed by dded ehat i AN (def&ClI NG 6l 4Gl Pt the first
detecticn section T1 regardless of situations of other
detection sections T2, T3, and therefore, resets the pulse down
counter circuit 103 simultaneously with setting the first
detection section flag KKTl. In this way, the pulse down
counter circuit 103 is reset by using the first detection
section flag KKT1l. That is, the control circuit 104 resets
the pulse down counter circuit 103 at the timing in synchronism
with the first detection section flag KKT1l. According to the
embodiment, the pulse down counter circuit 103 continues the
resetting operation during a time period in which the first
detection section flag KKT1l is at high level, and stops the
resetting operation when the first detection section flag KKT1
is at low level, and starts again the counting operation from
the initial value. Thereby, the pulse down control signal DOWN
is not cutputted from the pulse down counter circuit 103, and
therefore, the main drive pulse Pl is not subjected to pulse

down.

Fig. 6 shows an example of a case in which in the
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In this case, the third detection section flag KKT3 of the control circuit
104 is set thereto at a timng in synchronismwth the detecting signal at
the third detection section T3. The control circuit 104 can determ ne al

of situations of the first detection section Tl through the third

detection section T3, and therefore, resets the pul se down counter circuit
103 by using the third detection section flag KKT3. That is, the control
circuit 104 resets the pulse dowmn counter circuit 103 at timng in

synchr oni smemib¢dhindre ,t hhed tdeseeppdng sectoirohO § | iag dKKF¥8n Hynthhenambodi nent ,

t he pul se down counter circuit 103 continues the resetting operation during
a tinme periodivapuwhsel®lt er the tiliddtceckicanoseelcitannfiggeikds8tedtsimt hi gh

| evel , stops the resetting operation when the third detection section flag
KKT3 is at sDyhdEvekcealiGhgStard srdfitrenceuhirsghoper abl ofig@gatamd rioen t he
initial value. Thereby, the pulse down control signal DOM is not outputted

from the pubgeeceionn couat ebraticHi deddkimnditheref one, the main drive
pulse P1 is not subjected to pulse down. Fig. 7 shows an exanple in a case

in which in the shadinende, WRN thied staRRItNGnMBESE 1 Q& 1y driryesr by the
main drive pulse P1, at any of the first detection section Ti through 25

the third degectderrsectdioRuld ofp4 hesrakat ik detecii ng tdi@ ngPefd od, the
detecting signal exceeding the reference threshold voltage Vconp is not
detected bys{hentotadl ReHetiReidNSGihgUi{gnal02¢ the third detection
section T3. The control circuit 104 c¢an determine all of
situations of the first detection section T1 through the third
detection section T3, and therefore, resets the pulse down
counter c¢ircuit 103 by using the third detection section flag
KKT3. That is, the control circuit 104 resets the pulse down
counter circuit 103 at timing in synchronism with the third
detection section flag KKT3. 1Inthe embodiment, the pulse down
counter circuit 103 continues the resetting operation during
a time period in which the third detection section flag KKT3
is at high level, stops the resetting operation when the third
detection section flag KKT3 is at low level, and starts the
counting operation again from the initial value. Thereby, the
pulse down control signal DOWN is not outputted from the pulse
down counter circuit 103, and therefore, the main drive pulse
Pl is not subjected to pulse down.
Fig. 7 shows an example in a case in which in the

embodiment, when the stepping motor 108 is driven by the main

drive pulse P1l, at any of the first detection section Tl through
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In this case, in the control circuit 104, the first detection section flag
KKT1 through the third detection section flag KKT3 are not set. Wen the
detecting signal exceeding the reference threshold voltage Vconp is not
detected by the rotation detecting circuit 109 at any of the first
detection section Ti through the third detection section T3 of the rotation
detecting tine period, the control circuit 104 determ nes nonrotation and
controls to output the correction drive pulse P2 fromthe correction drive
pul se genercati tigiwd detett106 sfdtdon Bh ofl apserwofattibe dotattiiony démecting tinme
period. Thereby, the correction drive pulse generating circuit 106 outputs
the corregeranddrtineedgid e nld2s i @edl &he=anbirgy tide ire€erencewhtret@dlddrives to
rotate the stepping notor 108 by the correction drive pulse P2. At the sane
tinme, the eeontegtivenmgriyaopudesecgendvathagotaticndet206ingsetrsuibe pul se
down counter circuit 103 by the correction drive pulse P2. That is, the
correctionigei.ve pul se generating circuit 106 resets the pul se down counter
circuit 103 at a timng in synchronismwth the correction drive pulse P2.

According to thergnpeds nBide, the P serflow caunter 123G, Cicheuirt 1303
continues the resetting operation during a tinme period in which the

correction gdticwe Byl $8cP20hS MAkg Mt evehroudt OBSe t hEikSeldridag 18Rer ation
when the correction drive pulse” P2 is at high level, and starts the
counting ORELRALLANFRAYRIKKT3 are not set.

When the detecting signal exceeding the reference
threshold voltage Vcomp is not detected by the rotation
detecting circuit 109 at any of the first detection section
Tl through the third detection section T3 of the rotation
detecting time period, the control circuit 104 determines
nonrotation and controls to cutput the correction drive pulse
P2 from the correction drive pulse generating circuit 106 after
an elapse of the rotation detecting time pericd. Thereby, the
correction drive pulse generating circuit 106 outputs the
correction drive pulse P2, and the motor driver circuit 107
drives to rotate the stepping motor 108 by the correction drive
pulse P2.

At the same time, the correction drive pulse generating
circuit 106 resets the pulse down counter circuit 103 by the
correctiondrive pulse P2. That is, the correctiondrive pulse
generating circuit 106 resets the pulse down counter circuit

103 at a timing in synchronism with the correction drive pulse

P2. According to the embodiment, the pulse down counter
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fromthe initial value. Thereby, the pul se down control signal DOA which
is to be outputted after an el apse of the correction drive pulse P2 drive
time period which succeeds after an el apse of the rotation detecting tine
period as shown by a broken line is not outputted, and therefore, the nmain
drive pulse generating circuit 105 does not subject the main drive pul se
P1 to pul se down. Further, the control circuit 104 outputs a pul se up
control signal UP to the main drive pul se generating circuit 105 such that

the main drivecpil s@3PLohs i s4Ls eaieec}ets%t%ihgn!spepy&% URiHiRgSYNENONi sm wi th
driving by the correction drive pulse P2. Thereby, the main drive pul se

generating Gif e tin JORICRARAES 1 iR Ay Bhé VRRY 62 iR1at 0 dhecy@in drive
pulse P1 of the drive energy larger by 1 rank (referred to as pulse up or

rank up). 3ol ylngale s apepeeding, Ltk Lo SOLELEd; pOUL bhesamin drive

a
pul se Pl subjected to pul se “up. Ining a relationship between the

rotation drpyiing,! g, PELA] ghat he, 1ol abion dat ecl i L I8 peghog and the

rotational operation e Stepping notor 1 nr ence to Flig. 2, when

a region driyen. By he main, A verpilag Plols, designatsd, by Bl Lhe

detecting signal I'n corresponéénc _ e’in ( age“generated at
(o9 on 3 1 SodRgRIEN ALsble oLHLeLAELOEL O BREMERS e hERERLBEE T 1,
(an allowance, of JLLVS gnEroy:hs JAnger mhen L. a8t a5thng, sLonal,
of the rotation detecting time period as shown by a broken line
is not outputted, and therefore, the main drive pulse
generating circuit 105 does not subject the main drive pulse
Pl to pulse down.
Further, the control circuit 104 outputs a pulse up
control signal UP to the main drive pulse generating circuit
105 such that the main drive pulse P1 is subjected to 1 rank
pulse up in synchronism with driving by the correction drive
pulse P2. Thereby, the main drive pulse generating circuit
105 changes the main drive pulse Pl to the main drive pulse
Pl of the drive energy larger by 1 rank (referred to as pulse
up or rank up), and driving at a succeeding time 1is carried
out by the main drive pulse Pl subjected to pulse up.
Explaining a relationship between the rotation driving
time pericd or the rotation detecting Lime period and the
rotational operation of the stepping mctor 108 in reference

to Fig. 2, when a region driven by the main drive pulse P1 is

designated by P1, the detecting signal in correspondence with
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is detected at the second detection section T2 than that of the third
detection section T3) , and the detecting signal generated at region b is
detected over the detection sections Ti, T2 by the reverse polarity. That
is, the detecting signal is generated by a free oscillation of the rotor
202 after cutting the drive pulse, and therefore, the timng of generating
the detecting signal induced at the first detection section Ti is
characterized in being limted to a region having a drive allowance to sone

degree fromuotiatihesdlvardagengenbtioed SUrRLESH POWES deakrBst aiSttep) , and
not being generated when there is a rotational force sufficiently (region a

of Fig. 2 corssaspendst tdiesete)on Wgnthbela desiagssfdriLi gahedsta® asur pl us
power, since the drive pulse is cut at region b, and therefore, the induced

vol tage is uifippt ted d RedBckBMERSerPBagstebtdhedactiord TMVaEntnof the
rotor, a height of the detecting signal at the first detection section T1

i's 'nverSelé’llev%Pl%@tép%llvneoeﬁerchQHciéﬂ:{éf Rhkhec 'd%%e%\i'ﬁ.ﬁlg@g@ﬁ‘ﬁ’er A
degree of the drive | | ownance can be determ ned. According to the

enbodi ment ,léo%%%@ceegsyghc@e &%m%s&&&ﬂ& when Jhhe defgcting sisgnal

exceeding the 28 reference voltage Is generated at the first detection

section Tignd o deferniogd Lhatsbhessptatignal, sucpl s, povergizs  reduced,

and by mai ntalning the pul'Se down counter circuit out p se down,

the drive pd‘@r?e%at%d@@%e@?ontkg 1%edgpgg19é:"<§j over the detection sections

Tl, T2 by the reverse polarity.

That is, the detecting signal is generated by a free
oscillation of the rotor 202 after cutting the drive pulse,
and therefore, the timing of generating the detecting signal
induced at the first detection section Tl is characterized in
being limited to a region having a drive allowance to some
degree from rotational driving without surplus peower (almost
stop), and not being generated when there is a rotational force
sufficiently (region a of Fig. 2 corresponds thereto).

When there is a sufficient drive surplus power, since
the drive pulse is cut at regicn b, and therefore, the induced
voltage is outputted in an inverse phase. Further, by a
movement of the rotor, a height of the detecting signal at the
first detection section Tl is inversely proporticnal to a
reduction in the drive surplus power. A degree of the drive
allowance can be determined.

According tc the embodiment, based on such a

characteristic, when the detecting signal exceeding the
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to a drive pulse of a small energy. Fig. 8 is a determ nation chart

summari zingly showing a pulse control operation according to the enbodi nent
of the invention and is a determ nation chart conmon to respective

enbodi ments described later. In Fig. 8 a case in which the rotation
detecting circuit 109 detects a detecting signal (induced signal) VRs
exceeding the reference threshold voltage Vconp is shown as determ nation
value "1', a case in which the rotation detecting circuit 109 cannot detect

the detectingrskgnab wieeed Ng jeheratehierenee tivashetd-yvobd agecVeanp is
shown as determ nation value 0', a case in which the determ nation val ue

is either 7%, ot i@ detkSmShOMNcBs: deder Mbnaticya1valugiud/ Bowerand a
pattern shomnng a rotation situation is shown as (determ nation value of

first deteC&b@ﬂcé@cEhﬁﬁb?hm1ﬂ%%§ﬁﬂh@%&ﬂ w Vel uewAfcsgpende: datactban
section, determ nation value of third detection section). According to the

erbodi ment . o/sR39d1 5.0 LuhNG: naROYGLdsSErd DechoRerakl on.nasyshun by the

det ermi nati on chart when etecting signal exceeding the

reference Qrgsﬁg%gev§g£%%$ecgggﬁg ?yggég§ ed only at the second 29

det ecti on section e second detection section T2

and the third detg géiﬁg sectlog TFH%#?V;O aE%OQumﬁgrgg%ﬁi %%%wgﬁgse oul se

rotation havi ng an wance I n enerqgy, an

Plis SUbJeCtgglgg gbﬂquh opg@atlon according to the embodiment of the

invention and is a determination chart common to respective
embodiments described later.

In Fig. 8, a case in which the rotation detecting circuit
109 detects a detecting signal (induced signal) VRs exceeding
the reference threshold voltage Vcomp 1s shown as
determination value ‘1’, a case in which the rotation detecting
circuit 109 cannot detect the detecting signal exceeding the
reference threshold voltage Vcomp is shown as determination
value ‘0', a case in which the determination value is either
‘17 or ‘0", is shown as determination value ‘1/0’, and a pattern
showing a rotation situation is shown as (determination value
of first detection section Tl, determination value of second
detection section, determination value of third detection
section).

According to the embodiment, in addition to the
above-described operation, as shown by the determination chart
of Fig. 8, when the detecting signal exceeding the reference

threshold voltage Vcomp 1s detected only at the second

29



Further, when the detecting signal exceeding the reference threshold

vol tage Vconp is detected in all of the detection sections Ti through T3,

or only the first detection section Ti and the second detection section T2
(that is, at least the detection sections Ti and T2), the rotation is
determned as a rotation wi thout an all owance of subjecting the drive
energy to rank down, and a current state is maintained wthout changing the
mai n drive pulse P1. Further, when the detecting signal exceeding the
reference tdeteshabd sealttiageTd/c emrpid s atetlest Bd aonthe atcbhé datresttiodet ecti on
section Ti and the third detection section T3, or detected only at the
third det ectdcaioaettiond Tohe therdodatdaion sedetonnThpdas @tmatahi on of the
drive energy to the limt, and the nain drive pulse Pl is subjected to 1

rank up. Furst Ret8brenedi@nat het gdet@chbRgngi gnall 1exceedi ng dihe driieter ence
threshol d voltage Vconp is detected only at the first detection section T1,

or when noten@eiz@¢tath tRe 3R nQiritepu dal ectiDRuseett aNSoTi rhRk QUGH . T3,
nonrotation is determ ned, after driving by the correction drive pul se P2,

the main drive PpukegePl igcsubiRet edcboringank g1 Asxdesgeridbednabove, when
the detecting signal exceeding 30 the reference threshold voltage Vconp is

detected atyedlrb@ast tnidddid $1985ECHEGR, SECHRR Thd §hea LONIH QheCi reuit

104 or the correction drive pulse’generating circuit 106 resets the pul se

down count ef @it GUhts O3 GHich: thal,gher iRidt dhiyauksesPlidiRction

section T1 and the second detection section T2 (that is, at
least the detection sections Tl and T2), the rcotation is
determined as a rotation without an allowance of subjecting
the drive energy to rank down, and a current state ismaintained
without changing the main drive pulse P1.

Further, when the detecting signal exceeding the
reference threshold voltage Vcomp is detected only at the first
detection section Tl and the third detection section T3, or
detected only at the third detection section T3, the rotation
is determined as a rotation of the drive energy to the limit,
and the main drive pulse Pl is subjected to 1 rank up.

Furthermore, when the detecting signal exceeding the
reference threshold veltage Vecomp is detected only at the first
detection section T1, o©or when not detected in any cf the
detection sections T1 through T3, nonrotation is determined,
after driving by the correction drive pulse P2, the main drive
pulse Pl is subjected to 1 rank up.

As described above, when the detecting signal exXceeding
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not subjected to rank down. Expl aining the above-descri bed operation by a
relationship with a state of a |load of the stepping notor 108, 1in a case of
a nornmal load, a pattern (0, 1, 0) showing the rotation situation is

provi ded. The control circuit 104 determnes that the drive energy is
excessively large (allowance rotation) in the case of the normal |oad, and
carries out the pulse control such that the drive energy of the main drive
pul se Pl is subjected to rank down. Further, in a state of increasing a

i ni num | oaghé e deheest i &sHf1d he1 pegaBlcdmpads (Ritalce «af a t cadl tast enent
mninmum , the detecting signal generated at region a of Fig. 2 is detected

at the firsthsestisendddecttNe detecsh ng ,stghabnaeperatechial 104 ed Reb is
detected at the first section T1 and the second section T2, and the

detecting signpbcURNLHAL 8 pall sSEOH Y & ing cOeh8G! eds aleskhe tsfpecgﬂﬂséect ion T2

and the third section T3. 'In this case, a pattern (0, 1, 1) is detected and
the control qogh &Hirdt 1041 CALT{ 89 308L -1 R RULEE O "d‘%hvéu;%léé"@tl the drive
energy of the main drive pulse P1 is subjected to rank d by det erm ni ng

the al |l owangg.rg é%ﬁé &ﬂgglfghktgog above-descri bed. 31 Further, a
pattern (1, 1, ows a state of a mddle increment of the Ioad of

mai nt ai ni ng the rf%ﬁi‘?hfh qﬁkﬁ dr g&@ ol é%qbgﬁ Sté?(%égll ncr S|Qg a | oad
ta

of about mddle in-a pre eternlne range fromt nornal | oad,;

rotation relationship with a state of a load of the stepping motor 108,

in a case of a normal load, a pattern {0, 1, 0) showing the
rotation situation is provided. The control circuit 104
determines that the drive energy 1is excessively large
{(allowance rotation) in the case of the normal load, and carries
out the pulse control such that the drive energy of the main
drive pulse Pl is subjected to rank down.

Further, in a state of increasing a minimum load from
the state of the normal load (state of load increment minimum},
the detecting signal generated at region a of Fig. 2 is detected
at the first section T1, the detecting signal generated at
region b is detected at the first section Tl and the second
section T2, and the detecting signal generated at region c 1is
detected at the second section T2 and the third section T3.
In this case, a pattern (0, 1, 1) is detected and the contrcl
circuit 104 carries cut the pulse contrel such that the drive
energy of the main drive pulse Pl is subjected to rank down
by determining the allowance rotation similar to the

above-described.
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wi t hout all owance), a pattern (1/0, 0, 1) shows a state of a |large
increment of the |load of subjecting the drive energy of the nmain drive
pulse Pl to rank up without carrying out rotation by the correction drive
pul se P2 (a state of increasing a large |load equal to or larger than a
predeterm ned value fromthe state of the normal load; |imt rotation) ,
and a pattern (1/0, 0O, 0) shows a state of nonrotation of driving by the
correction drive pulse P2 without carrying out rotation by driving by the
mai n drive pul serRithad, subpecséimg it he, maion shdwe apsitste: BE 4 middaek up. Fig.
9 is a flowhart show ng operations of the stepping notor control circuit

and the andhege@lkettd®Rhe ldaepf atentaceonigichg ftanit be @radinentvef the
i nvention. The operations of the stepping notor control circuit and the

anal og el eghnewi C(d iJmRecE AGLAMGisAgqt @ 1BeqenbBodib-amAt miafiléheni avention
will be explained in details in reference to Fig. 1 through Fig. 9 as

follows. | predgtelnihB8 rasghl #2400 e GhheHid: HElngeRLT alas; tMr atSbgnal of the
predet erm ned frequency, the dividing circuit 102 generates the tinepiece

si gnal conshithiticngl i head&fier eanege Obntim® countj ngy s di ¥igdidg st he signal
generated by the 32 oscillating circuit 101, and outputs the timepiece

signal 10 1LheePpyl,sLe AW (GOLRL &l B?Lﬁ&bg%ggiﬂgﬁ%ﬁ%?inrg%t Lolrg) euit 104

The pul se down counter circuit 103 carrie t counti’ng operation

by counti thtenﬁafljl @Ebg%ﬁl§g%al:ofrra%@L}J"?ithout carrying out rotation

by the correction drive pulse P2 (a state of increasing a large
load equal to or larger than a predetermined value from the
state of the normal load; iimit rotation), and a pattern (1/0,
0, 0) shows a state of nonrotation of driving by the correction
drive pulse P2 without carrying cut rotation by driving by the
main drive pulse Pl and subjecting the main drive pulse Pl to
rank up.

Fig. 9 is a flowchart showing operations of the stepping
motor control circuit and the analog electronic timepiece
according to the embodiment of the invention.

The operations of the stepping motor control circuit and
the analog electronic timepiece according te the embodiment
of the invention will be explained in details in reference to
Fig. 1 through Fig. 9 as follows.

In Fig. 1, the oscillating circuit 101 generates the
signal of the predetermined frequency, the dividing circuit
102 generates the timepiece signal constituting the reference

of time counting by dividing the signal generated by the
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dividing circuit 102. The control circuit 104 carries out the tinme counting
operation by counting the tine signal and outputs the main drive pulse
control signal to the main drive pul se generating circuit 105 to drive to
rotate the stepping notor 108. The main drive pul se generating circuit 105
outputs the nmain drive pulse Pl to the notor driver circuit 107 in response
to the control signal fromthe control circuit 104 (step S901) . The notor
driver circuit 107 drives to rotate the stepping notor 108 by the nain

drive pul seoBkilTheis§eppdig cmbof B ouspdesVviede thifepObat esyndlheonai n
drive pulse PI and drives the analog display portion 110. Thereby, when the

st eppi ng MDAk i¥Bsd SowhAomlkY didtatied o Bhnliheafed 0& 1dEsptay: porti on 110,
current time display by tine hand or the like is carried out. At a tine

poi nt of detectingha gletechbhg &uenalk excaedi ng3 dhe-faf snence tthiveshol d
vol tage Vconp, the rotation detecting circuit 109 outputs the detecting

signal to the,e@RhEObpSt G bglé[,)cﬂurnt th + SndSlLIT6at hatord hedet ecting

signal exceeding the referenc eshol d voltage Vconp™i s not detected at

any detectiQr.geali on.of ;i hgfirst detection section Ti, the second 33
det ection section %2, fﬁeltﬁﬁ}d detection section T3, that is, it is

determ ned that r%%‘ Jécgrpl‘trhosl 'l%céggr' 54 %’#riferso%‘u%hfhe.“?{n‘?é R }% cting
circuit 109 (steps S9 rough 4} , e ~Control '%i Feul t 104 control s
the correct io%%rg%ii\ég b?/uégfnting the time signal and outputs themaindrive
pulse control signal to the main drive pulse generating circuit
105 to drive to rotate the stepping motor 108.
The main drive pulse generating circuit 105 outputs the
main drive pulse Pl to the motor driver circuit 107 in response
to the contrel signal from the control circuit 104 (step 5901).
The motor driver circuit 107 drives to rotate the steppingmotor
108 by themaindrive pulse P1. The steppingmotor 108 isdriven
to rotate by the main drive pulse Pl and drives the analog
display portion 110. Thereby, when the stepping motor 108 is
normally rotated, at the analog display portion 110, current
time display by time hand or the like is carried out.
At a time point of detecting a detecting signal exceeding
the reference threshold voltage Vcomp, the rotation detecting
circuit 109 outputs the detecting signal to the control circuit
104.
When it is determined that the detecting signal exceeding

the reference threshcld voltage Vcomp is not detected at any

detection section of the first detection section T1, the second
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generating circuit 106 to output the correction drive pulse P2 by
outputting the correction drive pulse control signal. The correction drive
pul se generating circuit 106 outputs the correction drive pulse P2 to the
notor driver circuit 107 and the pul se down counter circuit 103 in response
to the control signal (step S905). The notor driver circuit 107 drives to
rotate the stepping notor 108 by the correction drive pulse P2. The

st eppi ng notor 108 drives the anal og display portion 110 by being driven to
rotate by tdeeecoiorcidaai oir T¥e thultSa dPdetdbier@byect hen SBeppharg igpt or 108 is
rotated, and at the analog display portion 110, current tinme display by

time hand aqr: tiBedekibkeihéd caiidt edtott onAl st At s@dr tdd®utt Feogmonbeol circuit
104 outputs the pulse up control signal UP to the main drive pul se

gener at i ng rogatedhtddiQx i gsubi@ett 1091 dadpe BPof StreRugfislos Al theugh the
pul se down counter circuit 103 outputs the pulse down control signal to the

main drive Qk$e19eNelRNG o L1 A 101105 MbeRqarpredst enpt ped irge period is
counted, and the main drive pulse generating circuit 105 carries out

driving b)@etnfé?ca@h? a1 @ Puloge + sUBh G d HeO b rhanki dowh i Jh g Aukse 34
down counter circuif 103 does not output the pulse down control signal when

ey B o0l TEICEh O BOF 0, Lol ST S by BUCESRELO0 LERISEOY, and
S907, 908)'The correction drive pulse generating circuit 106 outputs the
correction drive pulse P2 to the motor driver circuit 107 and
the pulse down counter circuit 103 in response to the control
signal (step 35905).

The motor driver circuit 107 drives to rotate the
stepping motor 108 by the correction drive pulse P2. The
stepping motor 108 drives the analog display portion 110 by
being driven to rotate by the correction drive pulse P2.
Thereby, the stepping motor 108 is rotated, and at the analog
display portion 110, current time display by time hand or the
like is carried cut.

At the same time, the control circuit 104 outputs the
pulse up control signal UP to the main drive pulse generating
circuit 103 to subject to 1 rank up (step $5906).

Although the pulse down counter circuit 103 outputs the
pulse down control signal to the main drive pulse generating
circuit 105 when a predetermined time period is counted, and

themain drive pulse generating circuit 105 carries out driving

by the main drive pulse subjected to 1 rank down, the pulse
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At processing step S904, when it is determ ned that the detecting signal
exceeding the reference threshold voltage Vconp is detected at the third
detection section T3 (rotation is carried out in the third detection
section T3), the control «circuit 104 sets the third detection section flag
KKT3 in synchronismw th the detecting signal generated at the third
detection section T3, further, outputs the pulse up control signal UP to
the main drive pul se generating circuit 105. Thereby, the nmain drive pul se
generati ng dbwouwidunt@s sihjiaat 503 idhesmadnodt pve thel (96 steoddwit anktupl (St ep
5911). At processing step S903, when it is determned that the detecting
si gnal exceedipngltwie=n after predetbreshed d el page odVeompt scdetedt ed at t he
second detection section T2 (rotation is carried out in the second

det ection seebcepsTiZy stbpesymomt £0d theirbeuré, 10@ Pinoeedsn bd fHomaSSI Ng St ep
S907. At processing step 5902, when it is determned that the detecting

signal exceeging phesd e.lfsﬁrr@:l:c%atrliﬁgﬁh@bﬂ votdmgesgdiconpsis detected at the
first detection section Tl (rotation is carried out in the first detection

section Ti) , thegegfleessingedtdd siossdehpnnineds thatrihgedatiRat kRg si gnal
exceeding the reference thréshold voltage Vconp is not detected at the

second 35 @%E%EEE@% éﬁﬁﬁdI”bégééaf%bakhenrb?ePQﬁc&a€Hﬂ6§$dﬂﬁ vl thBe second
detection section (step S909), the control circuit 104 proceéds to

processi ng sL6R, %@éetgeﬁé&% thaetr&% Bt e cCh bW d-t104 PRt khe i hhr st

detection sect!bn l'ag KKT1

is carried out in the third detection section T3), the control
circuit 104 sets the third detection section flag KKT3 in
synchronism with the detecting signal generated at the third
detection section T3, further, outputs the pulse up control
signal UP to the main drive pulse generating circuit 105.
Thereby, the main drive pulse generating circuit 105 subjects
the main drive pulse to 1 rank up (step S911).

At processing step $903, when it is determined that the
detecting signal exceeding the reference threshold voltage
Vcomp is detected at the second detection section T2 {(rotation
is carried out in the second detection section T2), the control
circuit 104 proceeds to processing step $907.

At processing step 5902, when it is determined that the
detecting signal exceeding the reference threshold veoltage
Vcomp is detected at the first detection section Tl (rotation
is carried out in the first detection section Tl}, thereafter,
when it is determined that the detecting signal exceeding the

reference threshold voltage Vcomp is not detected at the second
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time point of detecting the detecting signal exceeding the reference
threshol d voltage Vconp at the first detection section Ti. At processing
step S909, when it is determned that the detecting signal exceeding the
reference threshold voltage Vconp is detected at the second detection
section T2, the control circuit 104 sets the second detection section flag
KKT2 at a tinme point of detecting the detecting signal exceeding the

ref erence threshold voltage Vconp at the second detection section T2. The
control ci rdeticicti04 geesdtos Thereedniovdlsusototat heed pultsin dbarszecourt er
circuit 103 by the first detection section flag KKTlI, thereafter, proceeds
t o processidigestt@pnS8087t{st er) SEHp F€i0g) , 18hé Scant towchiarduishawung
operations of the stepping notor control circuit and the anal og el ectronic

timepi ece p@eeekdsntd Opoiheysienposis®ntood. t heuirdMent i ahe Addlkeek di agram
of the other enbodinent is the same as Fig. 1, and processing the sane as

those of Fig.rchiareoat sachagd ot b sthget S&MBoNQRLI: QRS £1AGCKTI 3¢ KO the
ot her enbodi nent, at processing step 36 S904, when it iS determ ned that

t he de?ectienméﬂgaa%k é?oﬁéfﬁbtiigﬂtﬂé“dgﬁe%@ihé_S?@ﬁé?deﬁ%gedfigd%h%Cted at
the third detection section T3,"the control Circuit 104 reset's the count

value of  thepulse deWRsHBHEL 661EhEEUNEAES3 2RY (Ut P Ngiddie 1 BRet

section T1.

At processing step 5909, when it is determined that the
detecting signal exceeding the reference threshold voltage
Vcomp 1s detected at the second detection section T2, the
control circuit 104 sets the second detection section flag KKT?2
at a time point of detecting the detecting signal exceeding
the reference threshold voltage Vcomp at the second detection
section T2.

The control circuit 104 resets the count value of the
pulse down counter circuit 103 by the first detection section
flag KKT1, thereafter, proceeds to processing step 5907 (step
5910) .

Fig. 10 is a flowchart showing operations of the stepping
motor control circuit and the analog electronic timepiece
according to other embodiment of the invention. A block
diagram of the other embodiment is the same as Fig. 1, and
processing the same as those of Fig. 9 are attached with the
same notations.

According to the other embodiment, at processing step
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signal tot
occasion, t
resets the

T3. Thereaf
processi ng

he pul se down counter circuit 103 (step S1001) . At this

he control circuit 104 sets the third detection section flag and
pul se down counter circuit 103 at a timng in synchronism

therewith by using the flag at a tinme point of detecting the detecting
signal show ng that rotation is carried out at the third detection section

ter, the control circuit 104 is constituted to proceed to
step 5911. The other constitution or processing is simlar to

t hat of thesaboyesgascri bedetephodéduaiiat Ehe.dekkcitsng §1lovehanbwshow ng
of the stepping notor control circuit and the anal og el ectronic

apgondithd ite & thirpddenterdadtBENEd aA dloeki di agrast oént he

oper ati ons
ti mepi ece
still other

enbodi ment is the same as that of Fig. 1, and processing the

sane as thogecofokis, YheFtcht B ak ecatt aghedesit d HHB 8RB NGALE ONS.

According t

o the still other enbodinent, it is constituted that at

processing $heppaPle. adie &ﬁ%ﬁﬁ%ﬁ'd%%cqﬁkV§03pHyS@hﬁﬁﬂ%ﬂfﬁg RYeChEEEEL 1S
he correction drive pulse P2, the pulse down counter circuit 103

driven by t
is reset by
control cir
constitutio
enbodi nment .

si BRa1 GOJ LRE AR AN RS P2 &8P @](%Jc)e steisal tge,

cui't 104 proceeds to processing step S90 e other

9% Jhe NLACasl 06,0 % SEILLAL L 1B4LNAL ¢ %emrd%@%eﬂ%ﬁc“bed

described above. acco ing tot st'eppl ng notor

section flag and resets the pulse down counter circuit 103 at
a timing in synchronism therewith by using the flag at a time
point of detecting the detecting signal showing that rotation
is carried out at the third detection section T3.

Thereafter, the control circuit 104 is constituted to
proceed to processing step $911. The other constitution or
processing 1is similar to that of the above-described
embodiment.

Fig. 11 is a fiowchart showing operations of the stepping
motor contrel circuit and the analog electronic timepiece
according to still other embodiment. A block diagram of the
still other embodiment is the same as that of Fig. 1, and
processing the same as those of Fig. 9, Fig. 10 are attached
with the same notations,

According to the still other embodiment, it 1is
constitutedthatatpmocessingstep8905,thecxﬁxectiondrive
pulse generating circuit is driven by the correction drive
pulse P2, the pulse down counter circuit 103 is reset by the

correcticon drive pulse P2 (step S51101), thereafter, the
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control circuit according to the enbodi nent showmn in Fig. 1 through Fig.

11, rank down is nmade not to carry out unnecessarily, and therefore, a

nonrotati on state can be

drive allowance is changed by variations in the stepping notor or
| i ke. Further, even when the drive allowance is changed irregularly by
in the stepping notor or the train wheel load, a firm pul se down

vari ati ons

prohibiting control is carried out and nonrotation state can be prevented

from bei ng
el ectronic

el ectronic

frequency,

dGyrought ciafpadt. 164 gprd2eeds & dlmpcicedisagoantep ablanal g

ti mepi ece using the stepping notor control circuit according
ot her enbodittent cofist hieut invent ity pshoss sTgh@nd sexanpleer 0b that ahdlicy

prevented from bei ng brought about even when the

t he

to

wristwatch. In Fig. 12, the analog el ectronic tinepiece includes
t he oscil |latdwng @skeubtdlOdbedigeaterati ng the signal of the predeterm ned
the dividing circuit 102 of generating the tinmepiece signal
constituting thensefRizenebeaf abbiy8p gouhtd gy byo divé dingpgiey si@nad
generated by the oscillating circuit 101, the control circuit 104 of
carrying 3&%0iolt ke reqnt r&tcdfdirRp RECth¥ Ceb Rt GhelvhCith tre enent s
constituting the electronic timepiece and the control of the control of
changi ng t hentiigte pyhse 1ar, thgnki kRwnt hespPylse dawn & grakrgenarating
circuit 112 of outputting the pul se down

unnecessarily, and therefore, a nonrotation state can be
prevented from being brought about even when the drive
allowance is changed by variations in the stepping motor or
the like,

Further, even when the drive allowance i1s changed
irregularly by variations in the stepping motor or the train
wheel load, a firm pulse down prohibiting control is carried
out and nonrotation state can be prevented from being brought
about.

Fig. 12 1is a block diagram of an analog electronic
timepiece using the stepping motor contrel circuit according
to other embodiment of the invention, showing an example of
an analog electronic wristwatch,

In Fig. 12, the analog electronic timepiece includes the
oscillating circuit 101 of generating the signal cf the
predetermined frequency, the dividing circuit 102 of
generating the timepiece signal constituting the reference of
time counting by dividing the signal generated by the

oscillating circuit 101, the control circuit 104 of carrying
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signal for subjecting the main pulse to pulse down at predeterm ned period
at each tinme of counting the tinepiece signal fromthe dividing circuit 102
by the predetermned tinme period and not outputting the pul se down signal
in response to the pulse down prohibiting signal fromthe control circuit
104, the main drive pul se generating circuit 105 of selecting and
outputting the main drive pulse P1 fromthe plurality of mnain drive pul ses
for driving to rotate the notor based on the control signal fromthe
control cireutt the4cohheoctobEeetkp8ct dfd Vel gl 15eh igeneinahiifg ediefretict 106 of
outputting the correction drive pulse P2 for driving to rotate the notor

based on theneentuoingitgraklbromihe GarbiekeCifig@UWHe ¢04iréhefmaher driver
circuit 107 of driving to rotate the stepping notor 108 in response to the

main drive pYhgeoPld ERIAG Ny MBEMMNVBLPsE 3¢ tigenenal it shlsalidbwh05 and
the correction drive pulse P2 from the correction drive pul se generating

circuit 106,5i44A81 §EEPPANGhTLH-uLQ8.110heranal oG- dl 5P @Y RRMNLLOBOLA0 driven
to rotate by the Stepping nmotor 108 and having the tine hand for

di spl ayi ng tiigRa andt he,p ot atipn datechisng Giy ittolg%ll%fe dshecting the

detecting signal in correspondence wth the "1 nduced tage I n accordance

with the rogj%hgee%iwf %@(@g{ 09 32 i ﬁ@%ohp;;g{qs @Aeedc%%%me@%d

rotati on detecting tine Fur t her, e con circuit 104 is also
POV 150 e IGhE SUAELLE 3,08 SLAR 00, SEELAODUSRELTRTADN ol © !
period and not outputting the pulse down signal in response
to the pulse down prohibiting signal from the control circuit
104, the main drive pulse generating circuit 105 of selecting
and outputting the main drive pulse Pl from the plurality of
main drive pulses for driving to rotate the motor based on the
control signal from the control circuit 104, the correction
drive pulse generating circuit 106 of outputting the
correction drive pulse P2 for driving to rotate the motor based
on the control signal from the control circuit 104, the motor
driver circuit 107 of driving to rotate the stepping motor 108
in response to themain drive pulse P1 from the main drive pulse
generating circuit 105 and the correction drive pulse P2 from
the correction drive pulse generating gircuit 106, the
stepping motor 108, the analog display portion 110 driven to
rotate by the stepping motor 108 and having the time hand for
displaying time, and the rotation detecting circuit 109 of

detecting the detecting signal in correspondence with the

induced voltage in accordance with the rotation of the stepping
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is detected by conparing the tinme at which the rotation detecting circuit
109 detects the detecting signal showng that the stepping notor 108 is
rotated and the detection section of the rotation detecting tinme period.
The rotation detecting tine period of detecting whether the stepping notor
108 is rotated is partitioned to the three detection sections Ti through
T3 as explained with regard to Fig. 2 and Fig. 3. The rotation detecting
circuit 109 is constructed by a constitution simlar to that of a rotation
detecting circuit described in Patent Reference 1 nentioned above, and is
const r uct edhatyyp ral Eoastlinteup r ede § srmivieshr et drhde et toim ot imd@erdeeppi ng not or
108 carries out novenent equal to or faster than the constant speed as in a
case of rotatingtFthehst epgiengonbror cik@8idr 10held ekep phevdétcketithg si gnal
in correspondence with the induced voltage exceeding the predeterm ned

ref erence ther éshotiowvalst age detoniics detetordietamdintieg ¢iwecuidt of of the

st eppi ng notor 108 does not carry out the novenent equal to or faster than
t he const antetepecdiag ain whicaseekncwhor hsddia orstappisageantrar si@®ails not
rotated or the like, the detecting signal exceeding the reference threshold
vol t age Vcdnp deteatated det ecdmshr by Fihd hetmet Be @déthl ahiengiatdwint 101 and
the dividing circuit 102 constitute signal generating neans, and the anal og
di spl ay pordetertih eonstit ul®s ddteetdi speayengchEanSsigie Jheidhigon
detecting circuit 109 constitutes rotation detecting

that the steppingmotor 108 is rotated and the detection section
of the rotation detecting time period. The rotation detecting
time period of detecting whether the stepping motor 108 is
rotated is partitioned to the three detection sections T1
through T3 as explained with regard to Fig. 2 and Fig. 3.
The rotation detecting circuit 109 is constructed by a
constitution similar to that of a rotation detecting circuit
described in Patent Reference 1 mentioned above, and is
constructed by a constituticn in which when the rotor of the
stepping motor 108 carries out movement equal to or faster than
the constant speed as in a case of rotating the stepping motor
108 or the like, the detecting signal in correspondence with
the induced voltage exceeding the predetermined reference
threshold voltage Vcomp is detected, and when the rotor of the
stepping motor 108 does not carry out the movement equal to
or faster than the constant speed as in a case in which the
stepping motor 108 is not rotated or the like, the detecting
signal exceeding the reference threshold voltage Vcomp is not

detected.
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means, the control circuit 104 constitutes controlling nmeans. The main
drive pul se generating circuit 105 and the correction drive pulse
generating circuit 106 constitute drive pulse generating neans. The notor
driver circuit 107 constitutes notor driving neans. Further, the
oscillating circuit 101, the dividing circuit 102, the pul se down signa
generating circuit 112, the control circuit 104, the main drive pul se
generating circuit 105, the correction drive pulse generating circuit 106,
and the notor drimeftidd,Ciuht 304iToNStrd Wiecdiitveol caid rrole dagiaeaas. Fig.
13 is a timng chart when the stepping notor 108 1is driven to rotate by

suppl yi ng t Rerfaid 180 ks dilst ePhidfal gehdrstipphanhsy and €0F kRSPOGdENce
with the main drive pulse Pl generated by the main drive pul se generating

circuit 1054ikp1hetywen drhe1bi eshsditveed afifenali s Fing heesrcondndri ve
termnal OUT2, and is a timng chart when the stepping notor 108 is driven

to rotate byosdppbyidegethengriin kv Pubse: Pfutds $669AL-PebAELEYNEN
correspondence with the main drive pulse Pl generated by the main drive

pul se gener akLng, GiHCUbLt 10D -1 LeubetReR A e fild s cOht¥& 1 8{hRghs QUTL and
the second drive termnal QUT2. 41 In Fig. 13, there is shown an exanpl e of

) . ' . : . ; ; ) h i
a case | n hbelhg NGR: {06 SLERQINGJMLATe 105, {51 E RN OLBLES DY, the main

drive pulse P st po t correspondence the main drive

pul se P1, ahrggg ESEQ@dggﬁéfﬁ%iﬁH‘é%%%dﬂy‘iﬁ% constitute drive pulse

generating means. The motor driver circuit 107 constitutes
motor driving means. Further, the oscillating circuit 101,
the dividing circuit 102, the pulse down signal generating
circuit 112, the control circuit 104, the main drive pulse
generating c¢ircuit 105, the correction drive pulse generating
circuit 106, and the motor driver circuit 107 constitute drive
contrelling means.

Fig. 13 is a timing chart when the stepping motor 108
is driven to rotate by supplying the main drive pulse P1 of
a first polarity in correspondence with the main drive pulse
Pl generated by the main drive pulse generating circuit 105
to between the first drive terminal OUT1, the second drive
terminal OUTZ2, and is a timing chart when the stepping motor
108 is driven to rotate by supplying the main drive pulse of
a second polarity in correspondence with the main drive pulse
Pl generated by the main drive pulse generating circuit 105
to between the first drive terminal OUT1 and the second drive

terminal OUT2.
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the detecting signal exceeding the reference threshold voltage Vconp is
detected by the rotation detecting circuit 109, next, also when the
stepping notor 108 is driven to rotate by the nmin drive pulse Pl of the
second polarity in correspondence wth the main drive pulse Pl, at the
second detection section T2, the detecting signal exceeding the reference
threshold voltage Vconp is detected by the rotation detecting circuit 109.
When driven by the main drive pulse of the first polarity, in first
detection sectionnffiag O3KKHedteht sugtowrhand:detpdet bomna seetiomhfikag 01KKT3
in correspondence with the first detection section Ti through the third

det ection s@ei @ReTSt&fpiMe neabtr 008 T rdniivenl@4, rbbetsespndhedaheat i on
section flag OLKKT2 is set to the control circuit 104 at a timng in

synchroni smpsiviehphinge PRtECHhRIfSEgNAbol dtifdtNen, cohessdony@izebwithe main
drive pulse Pl of the second polarity, in first detection section flag

02KKT1 t hr qu@hmbhihr g det eet kenpsecit eRef LA RRIWKTA cith oncossespondence with
the first detection section Ti through the third detection section T3 of

the controliyd §etide iHs 1 4E 2800 hflehecliraRaeetiaR shbad LAKKE2 is set to
the control «circuit 104 at a timng 1n synchronismw th the detécting 42

signal .  TRe:LN}& Qi%tféi:E&&'ibty P4 ﬂo%a@ﬁ@)(@%c%c‘@ih@ 3 AS1ACEHON Jggul t when

driven by the nain drive pul'se Pl of the st polarity and a detection

resul't whendrj V8BnPYnd N& P IRbYEr 108 is driven to rotate by the

main drive pulse Pl of the second polarity in correspondence
with the main drive pulse P1l, at the second detection secticn
T2, the detecting signal exceeding the reference threshold
voltage Vcomp is detected by the rotation detecting circuit
109.

When driven by the main drive pulse of the first polarity,
in first detection section £lag 01KKT1 through third detection
section flag 01KKT3 in correspondence with the first detection
section Tl through the third detection section T3 of the control
circuit 104, the second detection section flag 01KKT2 is set
to the control circuit 104 at a timing in synchronism with the
detecting signal. Further, whendriven by themain drive pulse
Pl of the second polarity, in first detection section flag
02KKT1 through third detection section flag O02KKT3 in
correspondence with the first detection section Tl through the
third detection section T3 of the control circuit 104, the
second detection section flag 02KKT2 is set to the control

circuit 104 at a timing in synchronism with the detecting
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pul se of the second polarity after having been driven for a predeterm ned
time period, and based on the detection result having a snmaller drive

al | onance of the two contiguous detection results (although the two
rotation driving are «carried out by being separated from each other by the
predeterm ned tine period, the detection results are contiguous to each
other), the control circuit 104 controls the pulse down signal generating
circuit 112 by determning whether it is prohibited that the pul se down
signal generating circuit 112 outputs the pul se down signal DOMN to the
mai n drive spuhsé.generating circuit 105 after the elapse of the rotation
detecting tine period. In the exanple of Fig. 13, in driving by the main
drive pulses Pl Dhetbentfddistciamaiitheogecendrpol @d twies 4 rddtletioonti guous
two detection results, in both thereof, the detecting signals exceeding the

reference theeshel dhepl dapeen Voomheama idetieetredp@l sd el det ecld grrsection T2.
When the detecting signal exceeding the reference threshold voltage Vconp

is detectedpatlatheydaieat dofeSedd @Bsh2t wikh diiiven B} kewenssn iazibarge, and
therefore, it is controlled that the main drive pulse Pl is subjected to 1

rank pulse dowae bh thd SeAALCRSCart P LOMF BlavGhhCHEEN 194 &l MokSaand does
not prohibit that the pul se down signal generating circuit 112 outputs the

pul se down $j:gaaketRifoe tTRINpEEE Y8, RHEBagBRCE R HRIqELEEHL &n HAR L Ther eby,
t he pul se down signal generating circuit 112

having a smaller drive allowance of the two contiguous
detection results {although the two rotation driving are
carried out by being separated from each other by the
predetermined time period, +the detection results are
contiguous to each other), the control circuit 104 controls
the pulse down signal generating circuit 112 by determining
whether it is prohibited,that the pulse down signal generating
circuit 112 outputs the pulse down signal DOWN to the main drive
pulse generating circuit 105 after the elapse of the rotation
detecting time period.

In the example of Fig. 13, in driving by the main drive
pulses Pl of the first and the second polarities, in the
contiquous two detection results, in both therecf, the
detecting signals exceeding the reference threshold voltage
Vcomp are detected at the detection section T2. When the
detecting signal exceeding the reference threshold voltage
Veomp is detected at the detection section T2, the drive
aliowance is large, and therefore, it is controlled that the

main drive pulse Pl is subjected to 1 rank pulse down. In this
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out puts the pul se down signal DOM to the main drive pulse generating
circuit 105 after counting the predetermned tine period (after the el apse
of the rotation detecting tinme period), and controls the nmain drive pul se
generating circuit 105 to subject the main drive pulse P1 outputted at a
successive tine or thereafter to 1 rank pul se down. The main drive pul se
generating circuit 105 subjects the main drive pulse P1 to 1 rank pul se
down fromthe successive tine in response to the pulse down signal DOMN.

Fig. 14 shawseantexanpher®f Arcase ip4Whahidd shheqstbeior eyipdibaent, when
the stepping notor 108 is driven by the main drive pulse Pl of the first

pol arity, aihdthenbigisits<d8bR61diQMa158644 2 iHg BRdchne 19ecenehgted @kl on
section T2, the detecting signal exceeding the reference threshold voltage

Vconp is qﬁﬂ%@t QQWQYS%}?%lr %aém@rﬂna%t @sslwgpﬁsrecgbhe%%m@%qmg@ the

steppi ng notor 108 is ven by the main drive pul'se P1 of the second

pol arity, afod hepgerond daleghhon sectiona, gfehsragg£<§0éi 3 91

exceeding the re vol t age np 1's ecte y the rotation

detecting Qh{ It %ﬁ rPt$?éh%gw¢ §¥E§L?§@Pdkbvkgg leﬁ Cgﬁ&? ve pul se

P1 of the Ti st pol a ion section f 44 and
t he second q} %c%h%n gfctﬁﬂp %Ia 01K§£%ngf thq}cont kerﬁiﬂ&&%ﬁ.104 are set
respectiveﬁ@ mon gs tﬁ ng s |gnaF% of the

synch onlsnlw
first detectlon on,. seco t C . t.i on T2 Further
after dr|V|ng CFF e%apseg¥%herog tl %e%ec lng ime period),

and controls the main drive pulse generating circuit 105 to
subject the main drive pulse Pl outputted at a successive time
or thereafter to 1 rank pulse down. The main drive pulse
genherating circuit 105 subjects the main drive pulse Pl to 1
rank pulse down from the successive fime in response to the
pulse down signal DOWN.

Fig. 14 shows an example of a case in which in the other
embodiment, when the stepping motor 108 is driven by the main
drive pulse Pl of the first polarity, at the first detection
section Tl and the second detection section T2, the detecting
signal exceeding the reference threshold voliage Vcomp is
detected by the rotation detecting circuit 109, and when the
stepping motor 108 is driven by the main drive pulse P1 of the
second polarity, at the second detection section T2, the
detecting signal exceeding the reference threshold voltage
Vcomp is detected by the rotation detecting circuit 109.

In this case, after driving by the main drive pulse P1

of the first polarity, the first detection section flag 0iKKT1

44



the main drive pulse Pl of the second polarity, the second detection
section flag 02KKT2 of the control circuit 104 is set at timng in
synchronismw th the detecting signal of the second detection section T2.
The rotation allowance is smaller in the detection result detected after
driving by the main drive pulse 21 of the first polarity, and therefore,
the control circuit 104 determnes a control content of the drive pul se
based on the detection result. The control circuit 104 detects the

detecting shgdalhe excend Rgrébeisefareancs thagshokurvelit age ¥eefpont the
first detection section Ti after driving by the main drive pulse P1 of the

first polar&tyeuphdohhgefor Qesﬁé@@ivé%} at herdayaciti agncisighalm exeeedi ng the
e

ref erence threshold voltage Vconp is tected at least at the first

detection segdi@tclnim@ndiqhReselpr|)e rakkerqbbecelapseLfichheirshation
detecting tine period, regardless of the situations of the other detection

sections T2:nd3eddits GRRLERL ol E6UE 1o 4 COBLEOLS: 0 AEANLD Link ey pul se

down signal generating circuit 112 fromoutputting the pul se down signa

DO at the.fLmng, aj,. W %%1%Fe%§eﬁ%?%\%@ﬁ?@1a%@§5 athRgsLhoeylt 112

out puts the pul se down signha pul'se down signal which is

out putted 4o LLOm he fulge douny snal. AENET AbLG £1 G 13841 Dol vi ng

by the secon ofarity in round art 1s no cont rol
of prohi bi ting the Ryl se control osignal ROML dM NS 5oRg0h 6 eyt 104 as
shown by a Br oken T1'ne: eypu se

second detection section T2.

The rotation allowance is smaller in the detection result
detected after driving by the main drive pulse Pl of the first
polarity, and therefore, the control circuit 104 determines
a control content of the drive pulse based on the detection
result. The control circuit 104 detects the detecting signal
exceeding the reference threshold voltage Vcomp at the first
detection section Tl after driving by the main drive pulse P1
of the first polarity, and therefore, (that is, the detecting
signal exceeding the reference threshold voltage Vcomp is
detected at least at the firs£ detection section T1, and
therefore), after the elapse of the rotation detecting time
period, regardless of the situations of the other detection
sections T2, T3, the control circuit 104 controls to prohibit
the pulse down signal genesrating circuit 112 from outputting
the pulse down signal DOWN at the timing at which the pulse

down signal generating circuit 112 outputs the pulse down

signal DOWN. Thereby, the pulse down signal which is outputted
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down signal generating circuit 112 does not generate the pul se down signa
at the current tine and starts again the operation of counting the
predeterm ned tine period. Thereby, the pulse down signal DOM is not
outputted fromthe pul se down signal generating circuit 112, and therefore,
the main drive pulse Pl is not subjected to pulse down. Fig. 15 shows an
exanple of a case in which in the other enbodi nent, when the stepping notor
108 is driven by the main drive pulse PI of the first polarity, at the
third det ectricenthseatlisenddadn & hendetyeatragisy gnalcwexceedi g drhie imhef er ence
threshol d voltage Vconp is detected by the rotation detecting circuit 109,
when the stgpphagssosmd p8 ris ydihverbdnkdhenamibnt 06 ive: pultsatPedof the
second polarity, at the second detection section T2, the detecting signal

exceedi ng thechef ebenesl dieshabe: veh tage pMaerpchst g6t estpd byotine rotation
detecting circuit 109. In this case, first, after driving by the main drive

pul se Pl ¢fy thecbhtsbl RN EYL04 B8 shBWh B8 1RGkkaM SRCE | PRe fhaGe O1KKT3 of
the control circuit 104 is set at timng in synchronismw th the detecting

signal at taemt Hi&h dgbRELLOMhg $8CELOP 113 qhf L St dd Vd NG OYnd ey n drive
pul se P1 of the 46 first polarity, the detecting Signal exceéding the

reference dfyesholsh vol tage Yeanp Jisadstectad:atodhe Lhi tdlehgch on

section T3, and therefore, the control circuit 104 determ nes that the

drive allO%ﬁ“&@uﬂé&ﬁﬂqﬁﬁap%QQekErﬁ§ngg%?ﬁ§%k%dkgdcafﬁ&feby,tjuapulse

down signal DOWN is not outputted from the pulse down signal
generating circuit 112, and therefore, the main drive pulse
Pl is not subjected to pulse down.

Fig. 15 shows an example of a case in which in the other
embodiment, when the stepping motor 108 is driven by the main
drive pulse Pl of the first polarity, at the third detection
section T3, the detecting signal exceeding the reference
threshold voltage Vcomp is detected by the rotation detecting
circuit 109, when the stepping motor 108 is driven by the main
drive pulse Pl of the second polarity, at the second detection
section T2, the detecting signal exceeding the reference
threshold veltage Vcomp is detected by the rotation detecting
circuit 109.

In this case, first, afterdriving by themaindrive pulse
P1 of the first polarity, the third detection section flag
01KKT3 of the contrel circuit 104 is set at timing in
synchronism with the detecting signal at the third detection

secticn T3. After driving by the main drive pulse Pl of the
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out pulse up, and controls to subject the main drive pulse P1 to 1 rank
pul se up by outputting the pulse up signal UP to the main drive pul se
generating circuit 105 after the elapse of the rotation detecting tine
period in driving by the main drive pulse Pl of the first polarity. After
driving for the predetermned tine period after driving by the main drive
pulse P1 of the first polarity, by driving by the main drive pul se of the
second polarity, the second detection section flag 02KKT2 of the control

circuit 104iirstSeblatithi,MAg ddtSWIChT oDgsMm Wddkediagdeteatdfagesgnal  at
the second detection section T2. The control circuit 104 determ nes whet her

the pul se dewhesrONHI@b1dfyLardond i@Uebasedd oa: botd ©fia driteetion result
in driving by the main drive pul'se P1 of the first polarity and a

detection resekiowen dhiuen RfRe NLAUOYS JBidhid 18 gRidraenkd of the
second polarity thereafter. The control circuit 104 controls the pul se down

signal _genenatiig. ighid: (bh2 el i anuplq the; pulse oy of gaakyal ter

the el apse of the rotation detecting tine period in driving by th e mai n

d I I
rive pul seoBl gl theseaand Al ailyo Bydeter maime , Laatethe depect | on

si gnal show n tation I's carrie ected after driving by

the main_driye gulse {j’ Oy Eﬁ o%ﬂ St 1RQ) AnL ?ﬁl%t é‘ g{H 89‘%:]9% Lon

section T3, and er ore e drive al’l owa t he pul se down

I's not NECESTA drive pulse generating circuit 105 after the elapse of
the rotation detecting time period in driving by the main drive
pulse Pl of the first polarity.

After driving for the predetermined time period after
driving by the main drive pulse Pl of the first polarity, by
driving by the main drive pulse of the second polarity, the
second detection section flag 02KKTZ2 of the contrcl circuit
104 is set at timing in synchronism with the detecting signal
at the second detection section T2,

The contrel circuit 104 determines whether the pulse down
control is carried out based on both of a detection result in
driving by the main drive pulse P1 of the first polarity and
a detection result when driven by the contigucus main drive
pulse Pl of the second polarity thereafter.

The control circuit 104 controls the pulse down signal
generating circuit 112 not to output the pulse down signal after
the elapse of the rotation detecting time period in driving

by the main drive pulse Pl of the second polarity by determining

that the detection signal showing that rotation is carried out
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Ther eby, the pul se down signal which is normally outputted fromthe pul se
down signal generating circuit 112 is not outputted by the control of

prohi biting the pul se domm signal DOM by the control circuit 104 at the
timng at which the pulse down signal DOM is outputted fromthe pul se down
signal generating circuit 112 as shown by a broken line. The pul se down
signal generating circuit 112 does not generate the pul se down signal at
the current time but starts again the counting operation of the

predet er m ieddetaetperd br Hreweby, by tite: pudiseddowa phléde Imaifntdei ve pul se
P1 at the current tine is prohibited. Fig. 16 shows an exanple of a case in
whi ch in t e retherlarandyogi arat hivheleicdie isheptienm: oandGhearefateyen by the
main drive pulse Pl of the first polarity, in any of the first detection
section Ti thiar aighvet hel 1dwarddet£cthonl segli eneTHulel tdw«d ol at hen detecting
time period, the detecting signal exceeding the reference threshold voltage
Vconp i s nefecedehegted by the rotation detecting circuit 109, when the
stepping notor 108 is driven by the nain drive pulse PI of the second

polarity, at thersecond, deheCtd OneSeqhinoN sidnal Neinidef echi R rHiagngl
exceeding the reference threshold vol tage 8 Vconp is detected by the

rotation d%%%%&kegdcfféﬂ”Ehelggise!@o&ﬁ"§idﬁ%ﬁegeBEE§£inérhfyéd@tﬂglby the main
drive pulse P1 of the first polarity, the control circuit 104 is not set

with the f iirssEog%ﬁ%tuitQ@dsk§§tﬂh%nc&lmgﬂop%Pflgﬂ-oltlmﬂﬁ% tth@ }glbigéj down

signal DOWN by the control circuit 104 at the timing at which
the pulse down signal DOWN is outputted from the pulse down
signal generating circuit 112 as shown by a broken line. The
pulse down signal generating circuit 112 does not generate the
pulse down signal at the current time but starts again the
counting operation of the predetermined time period. Thereby,
the pulse down of the main drive pulse Pl at the current time
is preohibited.

Fig. 16 shows an example of a case in which in the other
embodiment, when the stepping motor 108 is driven by the main
drive pulse Pl of the first polarity, in any of the first
detection section T1 through the third detection section T3
of the reotation detecting time period, the detecting signal
exceeding the reference threshold voltage Vcomp 1s not
detected by the rcotation detecting circuit 109, when the
stepping motor 108 is driven by the main drive pulse Pl of the
second polarity, at the second detecticn section T2, the

detecting signal exceeding the reference threshold voltage
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detection section flag O3KKT3. In driving by the main drive pulse Pl of the
first polarity, nonrotation is constituted, and therefore, the control
circuit 104 controls the correction drive pulse generating circuit 106 to
drive by the correction drive pulse P2 and determines that it is necessary
to carry out pulse up, and controls to subject the main drive pulse P1 to 1
rank pul se up by outputting the pulse up signal UP to the main drive pul se
generating circuit 105 after the el apse of the rotation detecting tine
period in dVieipglidydetrcted wydtheerptdseoPdetefctiihg Firstipol@?ity. After
driving for the predetermined time period after driving by the main drive
pul se P1 of the fIrdgthipotasét firshe isebdrdndebedticomaseciyior phage 02KKT2 of
the control circuit 104 is set at timng in synchronismw th the detecting
signal at PheoSedendideteptlanitsecthencd2tadl erirdniivi hg4 bys tlve gatn drive
pul se P1 of the second polarity. The control circuit 104 determ nes whet her
t he pul se dewnh tdenfiott idetearibedecatt ohaskedy 00KKDL thafoughetldetadtdon resul t
in driving by the nmain drive pulse P1 of the first polarity and the
conti guous detectiom sesiildn iMadr D8kRY3by the main drive 49 pulse Pl of the
second polarity thereafter. Al though when driven to rotated by the main
drive pulse Pl ofntheiseepney pohariiyn atitdepsesondl deteehomigeeti on T2,
t he detecting signal exceeding the reference threshold voltage

polarity, nonrotation is constituted, and therefore, the

control circuit 104 contrels the correction drive pulse

generating circuit 106 to drive by the correction drive pulse

P2 and determines that it is necessary to carry out pulse up,

and controls to subject the main drive pulse P1 to 1 rank pulse

up by outputting the pulse up signal UP to the main drive pulse

generating circuit 105 after the elapse of the rotation

detecting time period in driving by the main drive pulse Pl

of the first polarity.

After driving for the predetermined time period after

driving by the main drive pulse Pl of the first polarity, the

second detection section flag 02KKT2 of the control circuit

104 is set at timing in synchronism with the detecting signal

at the second detection section T2 after driving by the main

drive pulse Pl of the second polarity.

The control circuit 104 determines whether the pulse down
contrel is carried out based on both of the detection result

in driving by the main drive pulse Pl of the first polarity

and the contiguous detection result indriving by themain drive
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Vconp is detected, in driving by the main drive pulse P1 of the first
polarity, the nonrotation is constituted, and therefore, the control
circuit 104 determnes that the drive energy is small and pul se down is not
necessary, and controls the pul se down signal generating circuit 112 not to
out put the pulse down signal DOM in accordance with the timng at which
t he pul se down signal generating circuit 112 outputs the pul se down signal
DOM after the el apse of the rotation detecting tine period in driving by
the main dPiéephl sef PihefsachadspedaditpotzaiaafteTher eby, the pul se down
signal DOM outputted fromthe pulse down signal generating circuit 112 in
t he background akith¢egmahenudputenetobsotdiedcbnttihs nefinpioiiicortilag t he pul se
down signal DOWN by the control circuit 104 as shown by a broken [line. The
pul se down Pdi ghahegeserrat pagacitcubt U sd¢oesdnigttecgéner seet tdeTpul se down
signal at the current tinme but starts again the operation of counting the
pr edet er m néee d4tee tpeni odnal Tdveresli ngt tiee palfseedorwhhseghal dDONKaghi ch is to
be outputted after the elapse of the rotation detecting time period and
after thevebapsesadettdreedior tactii onimy itve thel seiP2ddiveetlisee Ppepfod as
shown by the broken line is not outputted fromthe pulse 50 down signal
gener at i ng tekr diitstl12q1 adid yt, herref onenrdéthec it nis debvetputised Pl ahd not
subj ected to pul se down. According to the other enbodinent, even in a case
in which theredbat] athd sosarsl e i tnoDAedd e iy neet ahboncil dving by

energy is small and pulse down is not necessary, and controls

the pulse down signal generating circuit 112 not to output the

pulse down signal DOWN in accordance with the timing at which

the pulse down signal generating circuit 112 outputs the pulse

down signal DOWN after the elapse of the rotation detecting

time period in driving by the main drive pulse P1l of the second

peclarity.

Thereby, the pulse down signal DOWN outputted from the

pulse down signal generating ¢ircuit 112 in the background art

is not outputted by the control of prohibiting the pulse down

signal DOWN by the control circuit 104 as shown by a broken

line. The pulse down signal generating circuit 112 does not

generate the pulse down signal at the current time but starts

again the operation of counting the predetermined time period.

Thereby, the pulse down signal DOWN which is to be outputted

after the elapse of the rotation detecting time pericd and after

the elapse of the correction drive pulse P2 drive time period

as shown by the broken line is not outputted from the pulse
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the main drive pulse Pl of the first polarity, when rotation is not carried
out by rotation driving by the main drive pulse Pl of the second polarity,
the control circuit 104 controls to prohibit pulse down after driving by
the correction drive pulse P2. Further, in the detection result of the
smaller drive allowance in the rotation detection operations contiguous to
each other, in a case in which the rotation surplus power is small as in a
case of generating the detecting signal exceeding the reference voltage at
the first detection section Tl, by majntaining wthout carrying out pulse
down, the HPVGeStﬁﬁ§$eqg??ﬁ&&énﬁoFYf%uH%éﬁéé ngtﬁgefﬁ%Qﬁ§qo e%ﬁéging t he
smal l er energy. That is, the control circuit 104 controls the pul se down
si gnal geneﬁgﬂyﬁng}?%Lﬁ¥ 191 2 HotUPIeEHEPULC (AL SHAE -down si gnal at ot her
than a case in which the pulse down is needed in the detection result
havi ng the smal | efCERTYNT B [LHReATEE T FRROBREMH, VL PF & FATFYIR MPLFRe Wit h
the determnation chart of Fig. 8, in the rotation detection operations
conti guous fHeetehabidreris jcarrheddetectiarllesoyt rofathen BpPsriad b of a
smal | er all owance, when the detecting signal exceeding the reference
t hreshol d véheafRivebhps pudeeckt of the bDiMst @olemétgecdrn dotesdiron section
T2, or only at the second detection section T2 and the third detection
section T3, isheot ceratidmuts bget@ratiimeddasving dtyat hemaiavingrapudlskowance in
the drive energy and the main drive pulse Pl is subjected to

Pl of the second polarity, the control circuit 104 controls

to prohibit pulse down after driving by the correction drive
pulse P2, Further, in the detection result of the smaller
drive allowance in the rotation detection operations
contiguous to each other, in a case in which the rotation
surplus power is small as in a case of generating the detecting
signal exceeding the reference voltage at the first detection
section T1l, by maintaining without carrying out pulse down,
the drive pulse is made not to change to the drive pulse having
the smaller energy. That is, the control circuit 104 controls
the pulse down signal generating circuit 112 not to output the
pulse down signal at other than a case in which the pulse down
is needed in the detection result having the smaller drive
allowance.,

For example, explaining in line with the determination
chart of Fig. 8, in the rotation detection operations
contiguous teo each other, in the detection result of the
operation of a smaller allowance, when the detecting signal

exceeding the reference threshold voltage Vcomp is detected
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1 rank pul se down. In other case, the pulse down is nmade not to be carried
out. For exanple, in the detection result having the smaller drive

al | owance, the detecting signal exceeding the reference threshold voltage
Vconp is detected at all of the detection sections Tl through T3, or only
at the first detection section TI and the second detection section T2 (that
is, at least the detections sections Tl and T2), the rotation is determ ned
as a rotation which is not provided with the allowance of subjecting the

drive ener to rank down, and the current state is maintained wthout
changi ng t%%”ﬁh?ﬁtgﬁi§%Cﬁﬂ?g§tﬁf?lﬁﬁr%Qﬁ5anfﬁ?tﬁ%'ﬁ%%%é?ﬁ e FESOPE havi ng
the small er_drive allowance, when the detectiqgﬁfignal exceedi ng the
reference AGHESEHORISTOT 1Yy 2VeBAP s taerEcie P aniqn SECERR™ fi+stt et ect i on
section Tl and the third detection section T3, or only at_.the third
det ecti on SEHIGRTTES FHETHHRT 67 Psrofetlerdd MeY1ag all FotMANIE 6 the linit
drive energy, the pulse down is prohibited, and the main drive pulse Pl is
subj ect ed ttdel dramR epErPuRPHeEhe ifrithdrdse et vh Fledal $UMERGTRT t9e smal | er
drive allowance, when the detecting signal exceeding the reference
t hreshol d Volnaade pvésapdown det ected only at the first detection 52 section
Ti, or when the detecting signal exceeding the reference threshold voltage
Vconp i s not detéptethent cany,ofhe trhid s¢ed @t iignmgdetiang oThe tdwmgugsl T3, t he
nonrotation is determ ned and the pul se down is prohibited, after driving
by out. For example, in the detection result having the smaller

drive allowance, the detecting signal exceeding the reference

threshold voltage Vcomp is detected at all of the detection

sections T1 through T3, or only at the first detection section

Tl and the second detection section T2 (that is, at least the

detections sections T1 and T2), the rotation is determined as

a rotation which is not provided with the allowance of

subjecting the drive energy to rank down, and the current state

is maintained without changing the main drive pulse P1.

Further, in the detection result having the smallerdrive
allowance, when the detecting signal exceeding the reference
threshold voltage Vcomp is detected only at the first detection
section Tl and the third detection section T3, or only at the
third detection section T3, the rotation is determined as a
rotation of the limit drive energy, the pulse down is prohibited,
and the main drive pulse Pl is subjected to 1 rank up.

Further, in the detection result having the smaller drive

allcwance, when the detecting signal exceeding the reference

threshold voltage Vcomp is detected only at the first detection
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the correction drive pulse P2, the main drive pulse Pl is subjected to 1
rank up. As described above, in the detection result having the snaller
drive allowance in the rotation detection operations contiguous to each

ot her, when the detecting signal exceeding the reference threshold voltage
Vconp is detected at |least at the first detection section Ti, the control
circuit 104 controls to prohibit the pul se down signal generating circuit
112 fromout putting the pul se down signal so as not to carry out rank down.
Further, driving by the correction drive pulse P2, or the rank up control
is carried out_i.n anﬁrdance w th the geternination chart gased n the

e ° p8F

det ection resUiit o8F OF e &t i PrETs. SERGL1F%SE PP ovicivar t

show ng operations of st.eppi n notor. control circuit and an anal og
el ectroni ¢ tiTEFECE tgﬁ%%}?‘gf%d’%%atgﬁe%f’ﬂgrl%rﬁfbtdiq%ﬁtcﬁe het oY a?tﬁpons of

t he stepping:nnt r control circuit and the analog electronic tinepiece
accordi ng t o-theddtdrer ClemssdiiEst Wi 11958 98x l-ai i POHATETEN -5 ef er ence
to Fig. 2, Fig. 3, Fig. 8, Fig. 12 through Ft%n 17 as follows., 53 In Fig.
12, the oscidatanmigesi aadiithe1pdl s momat 23 Prwd ibitgAal 2 et A& BERAES i ned
frequency, the dividing circuit 102 generates the tinmepiece signal

consti t uti ngFhtheergfesteaBedravet Preseobint i Hee bya b vilel ¥y Rihessifgnals

generated by the
subjected to 1 rank up.

As described above, in the detection result having the
smaller drive allowance in the rotation detection operations
contiguous to each other, when the detecting signal exceeding
the reference threshold voltage Vcomp is detected at least at
the first detection section T1, the control circuit 104
controls to prohibit the pulse down signal generating circuit
112 from outputting the pulse down signal so as not to carry
out rank down.

Further, driving by the correction drive pulse P2, or
the rank up control is carried out in accordance with the
determination chart based on the detection result of the
respective polarities.

Fig. 17 is a flowchart showing operations of a stepping
motor control circuit and an analog electronic timepiece
according to the other embodiment.

The operations of the stepping motor control circuit and
the analog electronic timepiece according to the other
embodiment will be explained in details in reference to Fig.

2, Fig. 3, Fig. 8, Fig. 12 through Fig. 17 as follows.
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oscillating circuit 101 and outputs tinmepiece signal to the pulse down
signal generating circuit 112 and the control <circuit 104. The pul se down
signal generating circuit 112 counts the tinepiece signal fromthe dividing
circuit 102 and carries out the time counting operation. The control
circuit 104 carries out the tine counting operation by counting the tinme
signal and outputs the main drive pulse control signal to the main drive
pul se generating circuit 105 to drive to rotate the stepping notor 108 by
the main drive pulse 21. The main drive pulse generating circuit 105
outputs the i ANdFtde ptd SEPPS6EL{ARIRY rStr Poitart PlySEBSERES RO dri ver
circuit 107 in response to the control signal fromthe control circuit 104
(step S901)siHe lnsfofharpiadet@mdart 1079 TMes theodi Bt di Bt Fret @tidppi ng
motor 108 by the main drive pulse P1 of the first polarity. The stepping
nmot or 108 dti3 gsnenetenpledglertsisicays boral eAnstdt byl beithg BefsesNa® rotate
by the main drive pulse P1 of the first polarity. Thereby, when the
st eppi ng notlort 08 ¢aumcmeally ¢otiatied, tdte thieradalaspeadiagsidayoy pdrai on 110,
the current time display by the tinme hand or the 54 like is carried out. At
a tinme poi msaoflladétiegt chgcthe dEt eoti ngtsugnal imepieeedsngnthet o efter ence
threshol d voltage Vconp, the rotation detecting circuit 109 outputs the
detecting spwial dwvrt heignal generating circuit 112 and the control
circuit 104.
The pulse down signal generating circuit 112 counts the
timepiece signal from the dividing circuit 102 and carries out
the time counting operation.
The control circuitf 104 carries out the time counting
operation by counting the time signal and cutputs the main drive
pulse control signal to the main drive pulse generating circuit
105 to drive to rotate the stepping motor 108 by the main drive
pulse P1.
The main drive pulse generating circuit 105 outputs the
main drive pulse Pl of the first polarity to the motor driver
circuit 107 in response to the control signal from the control
circuit 104 (step 8901). The motor driver circuit 107 drives
to rotate the stepping motor 108 by the main drive pulse Pl
of the first polarity. The stepping motor 108 drives the
analog display portion 110 by being driven to rotate by the
main drive pulse Pl of the first poclarity. Thereby, when the
stepping motor 108 is normally rotated, at the analog display

portion 11G, the current time display by the time hand or the
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control circuit 104. The control circuit 104 carries out the follow ng
processi ng based on the rotation detection result of the current tine
provided by driving to rotate by the main drive pulse P1 of the first
polarity, and the rotation detection result at the preceding tine
(contiguous) provided by driving to rotate by the main drive pul se P1 of
the second polarity. That is, in driving to rotate by the main drive pul se
P1 of the first polarity, when it is determ ned that the detecting signal
exceeding the reference threshold voltage Vconp is not detected at any
det ection séckFonSof2THerdidWt- detection section Ti, the second detection
section T2, the third detection section T3 fromthe rotation detecting

circuit 109, thattig g Pefdtterh ndateRhing héhPodstte6hing Fo €arri ed
out (steps 5902 through 5904), the control circuit 104 carries out the
control by @eftcsaﬂwagt?ﬁéeﬁ%mw tBredhe i@ veditege omi-obheirgkak 18 t he
correction drive pulse generating circuit 106 to output the correction
drive pul sedp2ecTheg cbreetti bk deitveutsuldee gigteaadtingg séonadi te108out put s
the correction drive pulse P2 to the motor driver circuit 107 in response
to the cont cehtspynair¢sitep. BB05). 55 The notor driver circuit 107 drives to
rotate the stepping notor 108 by the correction drive pulse P2. The
st eppi ng not or 108hdriceesrbhe camabiog dildpl @yrpors | ont 118ebyfollewdgadri ven to
rotate by the correction drive pul se P2.

processing based on the rotation detection result of the

current time provided by driving to rotate by the main drive

pulse Pl of the first polarity, and the rotation detection

result at the preceding time (contiguous) provided by driving

to rotate by the main drive pulse Pl of the second polarity.

That is, in driving to rotate by the main drive pulse

Pl of the first polarity, when it is determined that the

detecting signal exceeding the reference threshold voltage

Vcomp is not detected at any detection section of the first

detection section T1l, the second detection section T2, the

third detection section T3 from the rotation detecting circuit

10%, that is, it is determined that the rotation is not carried

out (steps 5902 through $904), the bontrol circuit 104 carries

out the control by outputting the correction drive pulse

control signal to the correction drive pulse generating

circuit 106 to output the correction drive pulse P2. The

correcticn drive pulse generating circuit 106 outputs the

correction drive pulse P2 to the motor driver circuit 107 in

response to the control signal (step 5905).
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Thereby, the stepping notor 108 is rotated and at the anal og display
portion 110, the current tinme display by the time hand or the like is
carried out. At the sane tine, the control circuit 104 carries out 1 rank
up by outputting the pulse up control signal UP to the main drive pul se
generating circuit 105 (step S906). Although the pul se down signal
generating circuit 112 outputs the pulse down signal to the nmain drive
pul se generating circuit 105 when tinme is counted for the predeterm ned
time period, and the mai n drive pul se eneratlng circuit 105 drives the

motor by the mai APEr A OFule VSdbj BctBt t o' rdhkIHown® TTERSLITHE is not
counted for the predetermned tine period (80 seconds accordln% to the
enbodi nent )SteRPigdodedsirng 08t B 5997corfﬁ%tbﬁ}§¥4ﬂﬁwp% Hhall2 gertéfat i ng
circuit 112 does not output the pulse down signal, and therefore, pulse
down of theS4fEiPinadmPyer pl&elnigefothearnaas SuEPLavepsrsooT, 1 16068) . Al
processing step 5904, when it is determ ned that the detecting signal
exceedi ng tdfelndefdrigivde tchrassiadled ol thegeconsmyd ons dddivectred sgt B2he third
detection section T3 (rotated in the third detection section T3), the
control ciryineb¥4thsestearhact hordr detedisi oot steed iagr Bltagh®KKFS lioy
synchronismwith 56 the detecting signal generated at the third detection
section T3liapd agupput sort AéOpuitsecupremnttriok &igraly bR the thee mwind dri ve
pul se generating circuit 105. Thereby, the main drive pulse generating
circuit 10%msulbjecdtiket he darniett iote .pul se to 1 rank

At the same time, the contrel circuit 104 carries out
1 rank up by ocutputting the pulse up control signal UP to the
main drive pulse generating circuit 105 (step S906).

Although the pulse down signal generating circuit 112
outputs the pulse down signal to themaindrive pulse generating
circuit 105 when time is counted for the predetermined time
period, and the main drive pulse generating circuit 105 drives
the motor by the main drive pulse subjected to 1 rank down,
when time is not counted for the predetermined time period {80
seconds according to the embodiment), at processing step S907,
the pulse down signal generating circuit 112 does not output
the pulse down signal, and therefore, pulse down of the main
drive pulse is not carried cut (steps 3907, 5908).

At processing step 3904, when it is determined that the
detecting signal exceeding the reference threshold voltage
Vecomp is detected at the third detection section T3 (rotated

in the third detection section T3), the control circuit 104

sets the third detection section flag XKT3 in synchronism with
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up (step S911). At processing step S903, when it is determ ned that the
detecting signal exceeding the reference threshold voltage Vconp is
detected at the second detection section T2, the <control circuit 104
proceeds to processing step S912. At processing step S912, the control
circuit 104 determ nes whether the detecting signal exceeding the

reference threshold voltage Vconp is detected in the first detection
section Tl (whether rotated in the first detection section T1l) in the
detection resulf .at preceding tine (when riven by . main drive pulse of the
second pol agﬁ? ycge,tev(\:ﬁéﬁ’gi ?Mﬁ?agl 88{13?%&?@5‘% ﬁ%‘f k. lé:%d%?%%?ncllnogn gFgnar” exceedi ng
the reference threshold voltage Vco is.nof detected in the first

det ecti on sggﬁqﬁpﬁfpr%F%ﬁﬁéh uPﬁggﬁg%H?%ﬁn%%ﬁgéF?E € WHG BRI ), the
control circuit 104 proceeds.to pra %ssiq? tep 5907,,mhen it if det erm ned
that the dePRLT AP EZGRART BXERL g ot hel TeriensBey Al B RGIISVBI L350 Voo
is detected in the first detection section Tl (rotated_.in the first

det ecti on sEERFEA-HNY CiFRELIEH N BPLERFEUIhe TRE PABAYBIRYS SEnER 1 ¥ARK pul se
down signal generating circuit 112 outputs the pulse down signal (step
S913). 57 AMPpidedesithigst ep S902, when it is determined that the detecting
signal exceeding the reference threshold voltage Vconp is not detected at

t he second det ecthloRro6esFdng TLePn8P03r othemedt | iF CrEesBEBAY tdeteER® on

section T2) after it is
detecting signal exceeding the reference threshold voltage

Vcomp is detected at the second detection section T2, the
control circuit 104 proceeds to processing step S912.

At processing step 8912, the contreol circuit 104
determines whether the detecting Signal exceeding the
reference threshold voltage Vcomp is detected in the first
detection section Tl (whether rotated in the first detection
section T1) in the detection result at preceding time (when
driven by main drive pulse of the second polarity), when it
is determined that the detecting signal exceeding the
reference threshold voltage Vcomp is not detected in the first
detection section Tl (not rotated in the first detection
section Tl), the control circuit 104 proceeds to processing
step $907, when it is determined that the detecting signal
exceeding the reference threshold voltage Vcomp is detected
in the first detection section T1 (rotated in the first
detection section Tl), the control circuit 104 prohibits that
the pulse down signal generating circuit 112 outputs the pulse

down signal (step S$913).
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determ ned that the detecting signal exceeding the reference threshold

vol tage Vconp is detected at the first detection section Ti (rotated in the
first detection section Tl), the control circuit 104 proceeds to processing
step S904 (step S909). Further, the control circuit 104 sets the first
detection section flag KKT1 at a tinme point at which the detecting signal
exceeding the reference threshold voltage Vconp is detected at the first
detection section Ti. At processing step S909, when it is determ ned that

the detecting signal exceedin tg; reference threshold valtage,  Vconp is
detected at the égéﬁﬁﬁ%ﬂﬁﬁ%ﬁFgﬁp g%)ro %ﬁl‘rbféﬁgﬁrql‘%ﬂﬁpg%égﬁd
detection section T2), the control ck%puit 104 se S tqg S coqgldetection
section fl & RRF2"Et SAIPF heSHoriii "D e fEEET GCE e  BRYERTT N 'SifdiTal
exceedi ng Rpe reference thre;hold vol t age Vboqg at the secq&? det ection
section T2,YCHEr tREICT PRECEHRT A0 LRR AT BATHF bHPBiSES TEREL T4 HEOFul se down
signal generating circuit 112 generates the pul se down signal, (step S1910).
Ther eaf t er ,TBPHEEp AL i Hf t BeCalfbyec iR het Privesti hg2ther eabh 1S
predeterm ned tinme period (80 seconds in the enbodinment), the pul se down
control of datermdngddiiate thel detesgim siapabexfadiad bhe HSTEG® a resul t
of driving by the main_ drive pulses Pl of the first and the second
pol ariti es.thuesthigild WaytagmeVcemeris ideteréedr pvethe| bivatle e drien pol arity
side and there is not the drive allowance on ot her

section Tl (rotated in the first detection section Tl), the

control circuit 104 proceeds to processing step S904 (step

$909) . Further, the control circuit 104 sets the first

detection section flag KKT1 at a time point at which the

detecting signal exceeding the reference threshold voltage

Vcomp is detected at the first detection section T1.

At processing step 5909, when it is determined that the

detecting signal exceeding the reference threshold voltage

Vcomp is detected at the second detection section T2 (rotated

in the second detection section T2), the control circuit 104

sets the second detection section flag KKTZ2 at a time point

of detecting the detecting signal exceeding the reference

threshold voltage Vcomp at the second detection section T2,

further, the contrel circuit 104 prohibits that the pulse down

signal generating circuit 112 generates the pulse down signal

(step S51910).

Thereafter, by repeating the above-described processing

at each predetermined time period (80 seccnds 1in the

embodiment), the pulse down contrel of the main drive pulse
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polarity side as a result of detecting rotation by driving by the main
drive pulse Pl, pulse down is prohibited. That is, pulse dow is nmade to be
prohibited in other than a case in which there is the large drive

al l onances on the both polarity sides in the contiguous rotation detecting
results, and therefore, even when the drive allowance differs for the
respective polarities by variations or the |like of the stepping notor, the
proper pul se down contr ol can be carried out. Fig 18 is a flowhart show ng

oper ati ons a eppin rol _circ n el ronic
t:orrepl ece gi:coryil%ngg? o&oet &r eb b aEE fent 6t ﬁe ?r#érﬁﬁngngy%%bl 0%%‘ di agram
of the other enbodl nt sa 12 and_ processjngs the sane as
those of Figr i %Lﬁe %ﬁ tﬁalcﬁ)é Ret ngﬁg arggrﬁg‘en(? |n(9ln§’O Att %Jr ng to the

ot her enbodi nment, rocessin e S904, n.it i deternlned that t he
det ecting signal E&c W@Y'tﬂge?e %%%ﬁuﬁ? FﬁﬁegﬁbY% %ﬁﬁ%@ﬁﬂ?ev88

detected at the third detection section T3, the control circuit 104
prohi bits tRaterthe %ﬁ#&é“&oﬁﬂeé?gh%ﬂ“ﬁéﬁ@ﬁa?Fh@ec?*%ﬁﬁ%”%iﬁmoﬁfﬁﬁfs t he
pul se down signal (step S2001) Thereafter, it is constituted that the
control C|rEH?%rﬁﬁﬂEﬁFGCQ%dtr?éubFd%%§§tﬁ§téP%ﬁK§GT?°n By EitREr OY at
processing step 3912, when it is determned that the detecting signal
exceedi ng t HRe red gt elrd@et v bsndild Prdiseager veenprPiRétetet déPédlat the

first detection section Ti at preceding tinme (rotation is not detected in
the first ©pulse down is made to be prohibited in other than a case in

which there is the large drive allowances on the both polarity
sides in the contiguous rotation detecting results, and
therefore, even when the drive allowance differs for the
respective polarities by variations or the like of the stepping
motor, the proper pulse down control can be carried ocut.

Fig. 18 is a flowchart showing operations of a stepping
motor control circuit and an analog electronic timepiece
according to other embodiment of the invention. A block
diagram of the other embodiment is the same as Fig. 12 and
processings the same as those of Fig. 17 are attached with the
same notations.

According to the other embodiment, at processing step
5904, when it is determined that the detecting signal exceeding
the reference threshold voltage Vcomp is detected at the third
detection section T3, the control circuit 104 prohibits that
the pulse down signal generating circuit 112 outputs the pulse
down signal (step $2001). Thereafter, it is constituted that

the control! circuit 104 proceeds to processing step $911.
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detection section Ti at preceding tine), it is determned whether the
detecting signal exceeding the reference threshold voltage Vconp is
detected in the third detection section T3 at preceding tinme (whether
rotated in the third detection section T3 at preceding tine), when it is
determ ned that the detecting signal exceeding the reference threshold
voltage Vconp is detected in the third detection section T3 at preceding
time (rotated in the third detection section T3 at preceding tinme) , the
control circuit 104 proceeds to the processing step. S913 and prohibits
pul se down, when 1% dBter MTF 1attehe 1% ‘g&?‘?ﬁﬁ 57 &‘?&Ier@%%gdi ng the
reference threshol d vol t age VConE is nof, detected_ in theé%girg g tection
section T3t phecifiStg ignElPRdt FHRTRI RPEnES T FH U EEEP8hCsect i on T3
at preceding_tine) , it is constituted that the control circuit 104
proceeds tFOPragBsETHYP stePCBHAFL 9L tteha 810t f i rPheddt #ieriot GRSELPOL i on or
the processing is simlar to that of the enbodinment shown in Fig. 7. Fig.
19 is a fl dkcRarPrafrAdNe tdper ALPbasiol i Sspprhgctedtior t[dentisPteircuit
and an analogﬁelectronic'tine iece according to still other enbodinent. A
bl ock di agFfgreetithesegtion Bt het pagreflimenttime )t hd tsdife dedermanedf Fig. 12,
and 60 processing the sane as those of Fig. 17, Fig. 18 are attached wth
the same nebhathendhe/deioratiing s bondecvttrdimnbbdiredrtrence thyesbnddi t ut ed
that at processing step S905, the correction drive pul se generating
voltage Vcomp i1s detected in the third detection section T3

at preceding time (whether rotated in the third detection
section T3 at preceding time), when it is determined that the
detecting signal exceeding the reference threshold voltage
Vcomp is detected in the third detection section T3 at preceding
time (rotated in the third detection section T3 at preceding
time}, the control circuit 104 proceeds to the processing step
5913 and prohibits pulse down, when it is determined that the
detecting signal exceeding the reference threshold voltage
Vcomp is not detected in the third detection section T3 at
preceding time (not rotated in the third detection section T3
at preceding time), it is constituted that the control circuit
104 proceeds to processing step 5907 (step 51002). The other
constitution or the processing is similar to that of the
embodiment shown in Fig. 7.

Fig. 1% is a flowchart showing operations of a stepping
motor control circuit and an analog electronic timepiece
according to still other embodiment. A block diagram cf the

still other embodiment is the same as that of Fig. 12, and
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circuit 106 carries out driving by the correction drive pulse P2, the
control circuit 104 prohibits that the pul se down signal generating circuit
112 generates the pul se down signal (step $S1101), thereafter, proceeds to
processing step S906. Further, it is constituted that at processing step
S1002, when it is determned that the detecting signal exceeding the
reference threshold voltage Vconp is not detected in the third detection
section T3 at preceding tinme (not rotated in the third detection section T3

at preceding_tine). e control circui .104, det_er mi pes whet her,, ngnrot ati on
or not at p ]é%%%ﬁgn]gdgl &ﬁ%,sa%eaﬁ E%ﬂ?%toaé iFEiﬁ'i%g’d tlgl’mfﬁéEl “a %59818% ing tinme,
t he controlwaﬁ%rgﬁit 104 proceeds to processing step S913 and prohibits

pul se down, ot at°5A T8 Aot det ermined at preceding tine, the
control circuit 104 praoceeds to ocessi ng step .S907 step S1 . The
other constitutidif d&P@&é%EFﬁﬁgﬁgrﬁﬁ%q PenFoJﬁhﬁic8ésYh€u%?%gé%ﬁent shown
in Fig. 17 or Fig. 18. Fig. 20 is a flowhart show ng operations of a

st eppi ng nBFd’rrogSﬁFfLBP S(,tierpc%u?qf’aﬁﬁeir?réﬁéitéﬁneqi@c‘{ergﬁjr € OPREPRELRY
according to_still other enbodi nment., A block diagramof the still other
embodi nent F3rEwkt dQFeCHEr Mgy out dBHE 5 bYethe f§TrEREISARF % PHOSR of Fig.
17 through Fig. 19 are attached wwth 61 the sane notations. The still other

enbodi ment F3r ¢bastanicrddEineud t Edhprphijel on topt ddleary bfg 4o §reeadsi ng of

counting the predetermned tine period (80 seconds) (step S907) fromthe
generating circuit 112 generates the pulse down signal (step

51101), thereafter, proceeds to processing step 5906.

Further, it is constituted that at processing step S1002,
when it is determined that the detecting signal exceeding the
reference threshold veltage Vcomp is not detected in the third
detection section T3 at preceding time (not rotated in the third
detection section T3 at preceding time), the control circuit
104 determines whether nonrotation or not at preceding time,
when nonrotation is determined at preceding time, the control
circuit 104 proceeds to processing step S$913 and prohibits
pulse down, when nonrotation is not determined at preceding
time, the control circuit 104 proceeds to processing step 5907
(step 81102) . The other constitution or processing is similar
to that of the embediment shown in Fig. 17 or Fig. 18.

Fig. 20 is a flowchart showing operations of a stepping
motor contrecl circuit and an analog electronic timepiece
according to still other embodiment. A bleck diagram of the
still other embodiment is the same as Fig. 12 and processing

the same as those of Fig. 17 through Fig. 19 are attached with
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enbodi ment of Fig. 19, and it is constituted that rotation is not detected
at each predetermned tine but rotation is detected at each tinme of driving
to rotate. There is also a case in which it is not necessarily needed to
count the predetermned tine period, and therefore, the processing is
sinmplified by dispensing with the tinme counting processing. As described
above, according to the stepping notor <control circuits according to the
enbodi ments shown in Fig. 12 through Fig. 20, when driven by the main drive
pul se of th predetermned first polarity and the main drive pul se of the
predet er ni e SBEBNICHIT My, in the detection result in being driven to
rotate by the main drive pulse of the first polarity and the detection
result in being Grfvettilbl r ACAEE  FRAPINEGRE n idri GENPEF e} tHe &econd
polarity, it is determ ned whether pulse down is carried out based on the
det ecti on r@S§EETURAR n@ Tt Hie letaNPert oy | RECEPI DRl FRBAtHBPséPGown is not
carried out, it is controlled to prohibit that the pul se down signa

gener at i ng REiefetiprmingd gleliet @eas othé8 Huseeordbinn (Stghaf 20 Forf ioargdiee, t he
pul se down signal generating circuit 112 outputs the pul se down signal for
control | i ngmbodsubjiectt Ftige hdi mndrive spobsetpPiuted phkserdioswnivhds t he
predetermned 62 tinme period is counted. In a case in which the detecting
signal exceddidefadied efter eacke phedstholinegd t aiges Voohp rdébédcted sy t he
rotation detecting circuit 109 is not detected in the first detection
section Ti deftestadtabfeddie tiokatf alridetnectiongotaine. There is also a

case in which it is not necessarily needed to count the
predetermined time pericd, and therefore, the processing is
simplified by dispensing with the time counting processing.

As described above, according to the stepping motor
coentrol circuits according to the embodiments shown in Fig.
12 through Fig. 20, when driven by the main drive pulse of the
predetermined first polarity and the main drive pulse cf the
predetermined second polarity, in the detection result in
being driven to rotate by the main drive pulse of the first
polarity and the detection result in being driven to rotate
by themain drive pulse of the second pelarity, it is determined
whether pulse down is carried out based on the detection result
having the smaller drive allowance, when pulse down is not
carried out, it is controlled to prohibit that the pulse down
signal generating circuit 112 generates the pulse down signal.

For example, the pulse down signal generating circuit
112 outputs the pulse down signal for controlling to subject

the main drive pulse Pl to pulse down when the predetermined
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period but is detected in the second detection section T2, when detected in
the first detection section Ti in detecting rotation at preceding tinme, the
control circuit 104 prohibits that the pul se down signal generating circuit

112 outputs the pulse down signal. In this way, even in a case in which the
drive allowance is large in detecting rotation at current tinme, when the
drive allowance is small in driving at preceding tine, the main drive

pul se generating circuit 105 is not controlled to pul se dowmn by the pul se
down signal eneratl ci.rcu 11 and t heref.ore v en _the drive

al | owance i mﬁéﬁﬁ&& gjt ?%%% 1v§h“%8?5?ﬁf1§§‘%&t@ 5 g?lgﬂ 39 lg?ﬁg st eppi ng
notor or the ik pr ul se d rol _can be r|e

Furt her, itefgeBSQQ%Hggare% Fepﬁg F%{%q¥gﬁf€3 h8E€b COTﬁi4§§$ gsgﬁjectlng
the main dri ulse Pl to pul se down ecessar. | rther, rank down is
mmde not o B MHAEH e RHIRCESSR 1D antot REFEFEPY L oGt Sagh ( he
drive allowance 1is changed by variations of the stepping notor or the |ike,
it can be pﬁégéﬁféﬂnt%%%tltoﬁeT ot SttatoRf stk &ote thPBugRt e A F1REr t her,
even when the drive allowance is irregularly 63 changed by variations in

the steppi ngerbPBLUSr1¢ HELEFAPA iRhElet Serend date hPPqsiiise BomiPBRohi biting

control is carried out and it can be prevented that the nonrotation state
i s brought dgbsegted in the first detection section Tl in detecting

rotation at preceding time, the control circuit 104 prohibits
that the pulse down signal generating circuit 112 outputs the
pulse down signal.

In this way, even in a case in which the drive allowance
is large in detecting rotation at current time, when the drive
allowance is small in driving at preceding time, the main drive
pulse generating circuit 105 is not controlled to pulse down
by the pulse down signal generating circuit 112, and therefore,
even when the drive allowance 1s changed at respective
polarities by variations in the stepping motor or the like,
the proper pulse down control can be carried out.

Further, it is prevented that the rotation cannct be
driven by subjecting the main drive pulse Pl to pulse down
unnecessarily.

Further, rank down is made not to be carried out
unnecessarily, and therefore, even when the drive allowance
is changed by variations of the stepping motor or the like,
it can be prevented that the nonrotation state is brought about.

Further, even when the drive allowance is irregularly
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Further, according to the above-described analog electronic tinepiece, even
when the drive allowance is changed for respective polarities by variations
in the stepping notor or the like, the proper pulse down control can be
carried out, and accurate time counting operation can be carried out. Fig.
21 is a block diagram of an analog electronic tinepiece using a stepping
notor control circuit according to still other enbodi nent of the invention,
showi ng an exanple of an analog electronic wistwatch. In Fig. 21, the
anal og el ectronic, tinepiece includes the oscillating circuit 101 of

gener at i ng UHE SRR VAL SRR prra B STTRPREG T PR REYENE FESAR VTSI i roui t
102 of generatln% the tinmepiece signal constituting the reference of tine
counting byl & ﬁgf%ﬁ%F%ﬂ&ﬁaﬁoﬁ%ﬁéFﬁﬁéﬁtﬂﬁgtﬁ%ﬂt i45 gRFREEEiFEuit 101,
the control circuit 104 of carrying out the control of the respectlve
el ectroni ¢ 14 dti FaRenpReEenMIMRLUEIhGonnetaléetromte tFRpFIEEE the
control of changing the drive pulse or the |ike, the pul se down counter
circuit 10%®ft-outputting the pul se down control signal for subjecting the
main drive pulse to pulse down when the tinepiece signal fromthe dividing
circuit 102 is cdumtegrf orattrrdmadeter niled alByer-idescpébedd, andiedmai n dri ve
pul se generating circuit 105 of selecting and outputting the main drive
pul se P1 forlalrtindmig tinmpirsteoreven abheorthzadedveonliheacontisothaigarhl from
the control circuit 104, the correction drive pul se generating circuit 106

for respective polarities by variations in the stepping motor

or the like, the proper pulse down control can be carried out,

and accurate time counting operation can be carried out.

Fig. 21 is a block diagram of an analog electronic
timepiece using a stepping motor contreol circuit according to
still other embodiment of the invention, showing an example
of an analog electronic wristwatch.

In Fig. 21, the analog electronic timepiece includes the
oscillating circuit 101 of generating the signal of the
predetermined frequency, the dividing circuit 102 of
generating the timepiece signal constituting the reference of
time counting by dividing the signal generated by the
oscillating circuit 101, the control circuit 104 of carrying
out the control of the respective electronic circuilt elements
constituting the electronic timepiece, the control of changing
the drive pulse or the like, the pulse down counter circuit
103 of outputting the pulse down control signal for subjecting

the main drive pulse to pulse down when the timepiece signal

from the dividing circuit 102 is counted for the predetermined
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of outputting the correction drive pulse P2 for driving to rotate the notor
based on the control signal fromthe control <circuit 104, the notor driver
circuit 107 of driving to rotate the stepping notor 108 in response to the
main drive pulse from the main drive pulse generating circuit 105 and the
correction drive pulse fromthe correction drive pul se generating circuit
106, the stepping notor 108, the anal og display portion 110 driven to
rotate by the stepping notor 108 and having the time hand for tinme display,
and the rotation detecti circuit. 109 .of detectjng the detecting.signal in
R il e 3P5ePs

cor r espondehtB® WEH e HFnBatR Vb S &3¢ StnIgeEH? EWTHY n of the
stepping notor 108 in the predeterm ned rotation detecti t.i me, period.
Furbher .t hBSUBREFBY T BUFP- L0WS S 1l 6 prov o "WrEns Lt PRREHTEN of
controlling the pulse down counter circuit 103 not_to outﬁut t he pul se down
control sigh3f TFAhEC AR e TdP3 R CputhGeCyRher bt ARa i T tha 68 bRaer t he
constant condition, and the function as the detection section determning
circuit of CHBFethilfidng - CORTRHE et BELTORILECt IV R et Bet gl P gnal  i's
detected by conparing the tine at which the rotation detecting circuit 109
det ects t hecfePebPihging gl comarichgont Anive heulstedid APt 1108tes rot at ed
and the detection section 65 of detecting the detecting signal. The
rotati on dereteiadgha hapopdrsed oh et eoningl whiarsdr frhe Hreppnhgotot or 108
is rotated is partitioned to the three detection sections Ti through T3 as
expl ai ned withcnegald  tohd-ingto dmidrel gir@uit 107 of driving to rotate

the stepping motor 108 in response to the main drive pulse from

the main drive pulse generating circuit 105 and the correction

drive pulse from the correction drive pulse generating circuit

106, the stepping motor 108, the analcog display portion 110

driven to rotate by the stepping motor 108 and having the time

hand for time display, and the rotation detecting circuit 109

of detecting the detecting signal in correspondence with the

induced voltage in accordance with rotation of the stepping

motor 108 in the predetermined rotation detecting time period.

Further, the control circuit 104 is also provided with

the function of controlling the pulse down counter circuit 103

not to cutput the pulse down control signal to the main drive

pulse generating circuit 105 under the constant condition, and

the function as the detection section determining circuit of

determining at which detection section the detecting signal

is detected by comparing the time at which the rotation

detecting circuit 109 detects the detecting signal showing

that the steppingmotor 108 is rotated and the detection section
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The rotation detecting circuit 109 is constructed by a constitution simlar
to that of the rotation detecting circuit described in Patent Reference 1
menti oned above, and is constructed by a constitution in which when the
rotor of the stepping notor 108 carries out the novenent equal to or faster
than the constant speed as in a case of rotating the stepping notor 108 or
the like, the detecting signal in correspondence wth the induced voltage
exceedi ng the predeterm ned reference threshold voltage Vconp is detected,
and when the rotor of the stepping notor 108 does not carry out the

movenment edifaldftEctdngs &8eef et faht tthe cordt-ant epEata bton ndet s Df not
rotating the stepping notor 108 or the |ike, the detecting suggal
exceedi ng thée gttt ARESRbIRY vilatige engtrePhvY Mefetect®d.1¥urt her,
the oscillating circuit 101 and the dividing circuit 102 constitute the
si gnal genercftdtiegl ngarsrtafdorpd tanbitegtirspl dotporieomnsadoidvnsty t utes the
time displaying neans. The rotation detecting circuit 109 constitutes the
rotation detiestialg Tdeansexphalindre Wwamt rebasidr €ai F1d04 awhdtiid-utes t he
controlling neans. The main drive pulse generating circuit 105 and the
correction drive Tpel setatbomgererat ing cirquitt 10061 ¢ arststirucsethley dr i ve pul se
generating neans. Further, the notor driver circuit 107 constitutes the
not or dri vicunhsteang iokuyinhidrar théhescifl tlad imeg aciiveuidt 3ling ¢hecwditvi di ng
circuit 102, the pul se down counter circuit 103,

described in Patent Reference 1 mentioned above, and is

constructed by a constitution in which when the rotor of the

stepping motor 108 carries out the movement equal to or faster

than the constant speed as in a case of rotating the stepping

motor 108 or the like, the detecting signal in correspondence

with the induced voltage exceeding the predetermined reference

threshold voltage Vecomp is detected, and when the rotor of the

stepping motor 108 does not carry out the movement equal to

or faster than the constant speed as in a case of not rotating

the stepping motor 108 or the like, the detecting signal

exceeding the reference threshold voltage Vcomp is not

L 4

detected.

Further, the oscillating circuit 101 and the dividing

circuit 102 constitute the signal generating means, ' and the

analog display portion 110 constitutes the time displaying

means. The rotation detecting circuit 109 constitutes the

rotation detecting means, and the control circuit 104

constitutes the contreolling means. The main drive pulse

generating circuit 105 and the correction drive pulse
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the control circuit 104, the main drive pulse generating circuit 105, the
correction drive pul se generating circuit 106, and the notor driver circuit
107 constitute the drive controlling nmeans. Fig. 22 shows an exanple of a
case in which in the other enbodi nent, when the stepping notor 108 is
driven by the main drive pulse P1, the detecting signal exceeding the
reference threshold voltage Vconp is detected by the rotation detecting
circuit 109 at the second detection section T2. In this case, in the first
detection section flag KKT1 through the third detection section flag KKT3
i n correspofBBRERL Y FitRe it 1&F copstéspren-Redtiigs Trlihosaghathadt hird
detection section T3 of the control circuit 104, the second detection
section fl afjeaR&T2 Hugtder, e Retesrdriglercrieanit 1604 aenstityhasgtna
synchronism wth the detecting signal, and the pul se down control signal
DOMN i s out pateeddfiong meapglseFwiorecotieepseit tatind @3 nopitt ABlpmin drive
pul se generating circuit 105 after an elapse of the rotation detecting tine
peri od. Thethuiaiwirdiveg pitseit déer thhe mpylcier dovt ctdftsubfiectisitt h83pain drive
pulse P1 to 1 rank pulse down in response to the pulse down control signa
DOM. 67 Fi ghe23ocshows atrexanplédof thecaseéni ninikviecpulset kenetrheing
enbodi nent, when the stepping notor 108 is driven by the main drive pul se
Pl, at the tipstidatectitoncseeéecoioddrand guieeseendnhtidet ectdwit 36865 i on T2,
the detecting signals exceeding the

and the meotor driver circuit 107 constitute the drive

controlling means.

Fig. 22 shows an example of a case in which in the other
embodiment, when the stepping motor 108 is driven by the main
drive pulse Pl, the detecting signal exceeding the reference
threshold voltage Vcomp is detected by the rotation detecting
circuit 109 at the second detection section T2. In this case,
in the first detection section flag KKT1l through the third
detection section flag KKT3 in correspondence with the first
detection secticn T1 through the third detection section T3
of the control circuit 104, the second detection section flag
KKT2 is set to the control circuit 104 at a timing in synchronism
with the detecting signal, and the pulse down control signal
DOWN is outputted from the pulse down counter circuit 103 to
the main drive pulse generating circuit 105 after an elapse
of the rotation detecting time periocd. The main drive pulse
generating circuit 105 subjects the main drive pulse P1 to 1
rank pulse down in response to the pulse down contrcl signal

DOWN ,
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reference threshold voltage Vconp are detected by the rotation detecting
circuit 109. In this case, the first detection section flag KKT1, the
second detection section flag KKT2 of the control circuit 104 are
respectively set at timngs in synchronismwith the detecting signals at
the first detection section Ti, the second detection section T2. The
control circuit 104 controls such that when the detecting signal exceeding
the reference threshol d voItage Vconp is detected at the first detection
section Ti, the uls wn _count er f |t 103 .does out put. the pul se
down control si ghdt OW@dﬁtﬁF@@% sFt?ﬁﬁ?tiﬁse%tc g?% b§&t ect i on
sections T2, T3 and t t he control Cl FCUI 104 hlblts that the
pul se down CHRALEED Err 63'%ﬂﬁﬁﬁ¥%m?h% 8§t€ﬁﬁ1¥ﬁ gnal DOM
si mul t aneously with settln t he irst det ectlon sectlon flag KKTL. In this

way, the ptﬂrslé’ed:?:}\‘/tlnsec%hntaért}b‘? Ft‘:ﬁ’f"t diB%CHO“c‘?SﬁHE}PITeLda%F £o ut the

pul se down control signal using the first detection section flag
KKT1. That dedecitpan éSﬁFFBP E?rcE¥? QEEF?%ﬁﬂq(ﬁ%SQ%ﬁﬁ[ﬁﬂ9ﬁ§qd§ﬂnt€8unter
circuit 103 not to output the pulse dowmn control signal DOMN at the 68
timng i n SATETEEAPSTALMSHIP 1Chee Fagst Vet et Boif IS¢ Eidory FhagroRaEPR Accor di ng
to the other enbodinent, the pul se dowmn counter circuit 103 does not out put
t he pul se d%ﬂh“@@ﬁgretrceitﬁ&@9dur|ng atime period in which the first

detection section
In this case, the first detection section flag KKT1, the

second detection section flag KKT2 of the control circuit 104
are respectively set at timings in synchronism with the
detecting signals at the first detection section Tl, the second
detection section T2.

The control circuit 104 contreols such that when the
detecting signal exceeding the reference threshold voltage
Vecomp is detected at the first detection section T1l, the pulse
down counter circuit 103 does not output the pulse down control
signal DOWN regardless of situations of the other detection
sections T2, T3, and therefore, the control circuit 104
prohibits that the pulse down counter circuit 103 ocutputs the
pulse down control signal DOWN simultaneously with setting the
first detection section flag KKT1,.

In this way, the pulse down counter circuit 103 is
controlled not to output the pulse down control signal DOWN
by using the first detection section flag KKT1. That is, the
control circuit 104 controls the pulse down counter circuit

103 not to output the pulse down control signal DOWN at the

68



flag KKT1 is at high level and starts the counting operation again fromthe
initial value when the first detection section flag KKT1 is at |ow |evel.
Ther eby, the pul se down control signal DOM is not outputted fromthe pul se
down counter circuit 103, and therefore, the main drive pulse Pl is not
subjected to pulse dowmn. Fig. 24 shows an exanple of a case in which in the
enbodi nent, when the stepping notor 108 is driven by the main drive pul se
Pl, at the third detection section T3, the detecting signal exceeding the

reference threshold voltage Vconp.is detected by the rotation tecting
Crourt 00 tianghta SadoniaT R R HET dotion SBLEET SRR TG WETS G0 t e
timng in synchronismwth the detecting

control circuit 104 is set at )
signal at tKETthi r #CGETELRY 0hOsEEE GFDRE. SMR@IIRBREr olFREi PUdSE £6% can

determne all of situations at the first detection section Ti through the
third det ectiPORt8§EcELBALTS, 10X Pah&0sf GHEPUEhENR OREEDP I HANFE4 control s
the pul se down counter circuit 103 not to output the pul se down control
signal DOWRigpadsiwig noet ine perdetdet vivkcisblee fanst |daf aKEID S984oFs, at a
timng in synchronismwth the third detection section flag KKT3. According
to the enmbodil@enkKTt hies ptil Beéglohavedoantestanss 108 connthuesoraradgerat i on of
prohi biting output of the pulse down control signal DOM during a tine
peri od i n whaigehnt heon lrhedindetalctvednesdein shef fagptKEBersiat degghdrevel and
starts the counting operation again fromthe initial value when the third

flag KKT1 is at low level. Thereby, the pulse down control

signal DOWN is not outputted from the pulse down counter circuit

103, and therefore, the main drive pulse Pl is not subjected

te pulse down.

Fig. 24 shows an example of a case in which in the

embodiment, when the stepping motor 108 is driven by the main

drive pulse P1l, at the third detection section T3, the detecting

signal exceeding the reference threshold voltage Vcomp is

detected by the rotation detecting circuit 109.

In this case, the third detection section flag KKT3 of

the control circuit 104 is set at timing in synchronism with

the detecting signal at the third detection section T3. The

control circuit 104 can determine all of situations at the first

detection section T through the third detection section T3,

and therefore, the contrcl circuit 104 controls the pulse down

counter circuit 103 not to output the pulse down control signal

DOWN by using the third detection section flag KKT3, that is,

at a timing in synchronism with the third detection section

flag KKT3. According to the embodiment, the pulse down counter
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detection section flag KKT3 is at |low | evel. Thereby, the pulse down
control signal DOM is not outputted fromthe pul se down counter circuit
103, and therefore, the nmain drive pulse Pl is not subjected to pul se down.
Fig. 25 shows an exanple of a case in which in the other enbodinment, when
the stepping notor 108 is driven by the main drive pulse Pl1, the detecting
signal exceeding the reference threshold voltage Vconp is not detected by
the rotation detecting circuit 109 at any of the first detection section
Ti to the third detection section T3 of the rotation detecting _tinme period.
In this cadd? et oatreredhian of FophibAE Pt tPHeéctioRudECt i on 1 ag
KKT1 through the third detection section flag KKT3 are not set. The control
circuit 10&°H8t & Tress hrloPal dardfem | Hee rgetedtimgh Siyhlag teiéfedi ng t he
reference threshold voltage Vconp is not detected by the rotation detecting
circuit 109etgetany sfctimen filagt K4EBets i et leMeF aed tHentsi thedet ecti on
section T3 of the rotation detecting time period, and controls the
correct i on cerintenpuimse agémer a4 g fepmduiet 110614 bvedtputhernt blee ¢duirdct i on
drive pulse 22 after the elapse of the rotation 70 detecting time period.
Ther eby, thleteotient fentdon vELgIUIEE 3 genetatliong levetui tTHO®bgut phes t he
correction drive pulse P2, and the notor driver circuit 107 drives to
rot at e t he pmtserdowD8obyrbhes icoalentWwon sdudtveupphsee®Zrom the pulse
down counter circuit 103, and therefore, the main drive pulse
Pl is not subjected to pulse down.
Fig. 25 shows an exampie of a case in which in the other
embodiment, when the stepping motor 108 is driven by the main
drive pulse Pl, the detecting signal exceeding the reference
threshold voltage Vcomp 1s not detected by the rotation
detecting circuit 109 at any of the first detection section
Tl to the third detection section T3 of the rotation detecting
time period.
In this case, at the control circuit 104, the first
detecticon section flag KKT1 through the third detection
section flag KKT3 are not set.
The control circuit 104 determines nonrotation when the
detecting signal exceeding the reference thnreshold voltage
Vcomp is not detected by the rotation detecting circuit 109
at any of the first detection section T to the third detection
section T3 of the rotation detecting time period, and controls

the correction drive pulse generating circuit 106 to output

the correction drive pulse P2 after the elapse of the rotation
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The control circuit 104 outputs the pulse up control signal UP to the main
drive pul se generating circuit 105 such that the main drive pulse Pl is
subjected to 1 rank pulse up in synchronismwth driving by the correction
drive pulse P2. Thereby, the main drive pulse generating circuit 105
subjects the main drive pulse Pl to pulse up and driving at successive
time is carried out by the main drive pulse Pl which is subjected to pulse
up. Further, the control circuit 104 controls the pul se down counter

circuit 103 .npt to output the pul se down control signal afﬁer driving
by the corr SEEPEh NI Ve HCe B, THE <& PedgR EonnT T T A S03 | &
operated not to output the, ui down control signal DOW i n response to
the cont rol J6FCERELAGSHIFHN CeH R GREPT6A, CihEPESFT BTN SEAPESPHHRE E8unt i ng
operation again fromthe initial value. Thereby, the pul se down control
si gnal DOWKNGHQAI ERe ROk F s iytpGEtedlar it dHiees| EpseCbite Hde MeEaLi on
detecting tine geriod and after the elapse of the time period of driving by
the correcti-8f 8Yi Ve pepseedidofs dRganPUb§eaPbr oken 1ine, and therefore, the
mai n drive pul se %enerating circuit 105 does not subject the main_drive
pul se P1 to pul seThelowprntral Fumaélt, 184cordpngs t'ehe H bithelr abédrhent, as
shown by the determ nation chart of Fig. 8, the rotation is determned as
a rotation Haghay EHhtal theamde dnivaeouwsevgerperiginawsdrcuhs 1etsechi ng
signal exceeding the reference threshold voltage

that the main drive pulse Pl is subjected to 1 rank pulse up

in synchronism with driving by the correction drive pulse P2.

Thereby, the main drive pulse generating circuit 105 subjects

the main drive pulse PI1 to pulse up and driving at successive

time is carried out by themain drive pulse P1 which is subjected

to pulse up.

Further, the control circuit 104 controls the pulse down

counter circuit 103 not to output the pulse down control signal

DOWN after driving by the correction drive pulse P2. The pulse

down counter circuit 103 is operated not to output the pulse

down control signal DOWN in response to the control of the

control circuit 104, thereafter, starts the counting operation

again from the initial value. Thereby, the pulse down control

signal DOWN which is to be outputted after the elapse of the

rotation detecting time period and after the elapse of the time

pericd of driving by the correction drive pulse P2 as shown

by a broken line, and therefore, themain drive pulse generating

circuit 105 does not subject the main drive pulse Pl to pulse

down.
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Vconmp is detected only at the second detection section T2, or only at the
second detection section T2 and the third detection section T3, and the
main drive pulse Pl is subjected to 1 rank down. Wen the detecting signal
exceeding the reference threshold voltage Vconp is detected at all of the
detection sections Ti through T3, or only at the first detection section
Ti and the second detection section T2 (at | east detection sections Tl and
T2), the rotation is determ ned as a rotation w thout allowance of

subj ecting the dgive ener tq.rank WN and_t he. cur.rent e.ls
mai nt ai ned wit hogilrg %%’gia%éofﬁén ntiOnggﬁrqtvheerpﬁﬁné%gwgm\/\hgﬁ 248 ect i ng

si gnal exceedi t he reference  t shol d | t age ,Vco is.detected only at
the first 3%?%@??%%91 %} qnoﬁh%Ttéﬁégf%eE%h¥$8 %éﬁ%&ﬁﬁng£5§%%¥%Qﬂ%“?§, or only
at the third detection section T3, the rota ioa IS deterniq$d %3 a

rotation h&Fi Ag eGP Va7 BHEAGYA L'@HARES e dRHvE RESHEY "t (V€ pul se PI
is subjected to 1 rank up, Further, when the detecting signhal exceeding the
ref erence tI5t&SHAPE 969Tgbegxﬁﬁﬁﬁ}qgst8§té@FEHeBH?yt%Ee%WR§ i¥dt“29Fet ect i on

section Ti, or is not detected in any of the detection 72 sections Ti

t hrough T3VGR8Rr bt AStGT RS dfetert Red sesrnel dpetfigtosRFEA°By 4h@ cor rect i on
drive pulse P2, the main drive pulse Pl is subjected to 1 rank up. As
descri bed &Fdveat the seewndote g Ftduin sau4 Yokt reidstkpéhird detection

section T3, and the main drive pulse Pl is subjected to 1 rank
down.

When the detecting signal exceeding the reference
threshold voltage Vcomp is detected at all of the detection
sections T1 through T3, or only at the first detection section
Tl and the second detection section T2 (at least detection
sections Tl and T2), the rotation is determined as a rotation
without allowance of subjecting the drive energy to rank down,
and the current state is maintained without changing the main
drive pulse Pl.

When the detecting signal exceeding the reference
threshold voltage Vcomp is detected only at the first detection
section Tl and the third detection section T3, or only at the
third detection section T3, the rotation is determined as a
rotation having the drive energy to the limit, and the main
drive pulse Pl is subjected to 1 rank up.

Further, when the detecting signal exceeding the
reference threshold voltage Vcomp is detected only at the first

detection section T1l, or is not detected in any cf the detection
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pul se down counter circuit 103 such that rank down is not carried out when
the detecting signal exceeding the reference threshold voltage Vconp is
detected at least at the first detection section Tl. The count val ue of the
pul se down counter circuit 103 1is set such that the operation of selecting
and driving the drive pulse and the operation of controlling the pul se down
as descri bed above are carried out alternately in driving by the drive
pul se of the first polarity and in driving by the drive pulse of the second
polarity. For exang % when drivin the drive pul se of _the fi.rst

pol ari ty and®GFtorAd by ¥ HE™ 4Pt v ﬁFéElBF'¥%QQE% HorEFFT Pedrg
alternatel y carrled out at a period,of 1 second, the pul se down counter

circuit 1039%iZeBeRY fgeottpRRtIRE Fuitye Riblvﬁ? E8nt ¥ “?llﬁn‘élfl‘fi)m &F each

time of counting a predeternined odd nunber second (85 seconds according to
the embodi mErt 5, saptetHRd dontlr d12n&i BBuit 104 carries out the
above-descri bed control operation of control of prohibiting the output of
the pul se down si§paleserippe diwe, Paseanbnol e rgetiéctihgostgndd theom t he
rotation detecting circuit 109 at the period of the odd number second (85
seconds i npuRecedanpl epunIr FEhro@e: | P fudwiiat shdwideyhoper acitons  of
the stepping notor control circuit and the anal og el ectronic tinepiece
accordi ng t catrméedtcher weabodiandrt ecThey epenatli @nseadindehstmpgminegosot or
control circuit and

threshold voltage Vcomp is detected at least at the first

detection section T1.

The count value of the pulse down counter circuit 103

is set such that the operation of selecting and driving the

drive pulse and the operation of controlling the pulse down

as described above are carried out alternately in driving by

the drive pulse of the first polarity and in driving by the

drive pulse of the second polarity. For example, when driving

by the drive pulse of the first polarity and driving by the

drive pulse of the second polarity are alternately carried out

at a period of 1 second, the pulse down counter circuit 103

is set to output the pulse down control signal DOWN at each

time of counting a predetermined odd number second (85 seconds

according to the embodiment), and the control circuit 104

carries out the above-described control operation of control

of prohibiting the output of the pulse down signal or the like

based on the detecting signal from the rotation detecting

circuit 109 at the period of the odd number second (85 seconds

in the example).
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the anal og el ectronic tinmepiece according to the other enbodinment wll be
explained in details in reference to Fig. 2, Fig. 3, Fig. 8 Fig. 21
through Fig. 26 as follows. In Fig. 21, the oscillating circuit 101
generates the signal of the predeterm ned frequency, the dividing circuit
102 generates the tinepiece signal constituting the reference of tine
counting by dividing the signal generated by the oscillating circuit 101
and outputs the tinmepiece signal to the pulse down counter circuit 103 and
3 carries out the

the control circuyjt %ﬁﬁ.sTh (Pulse dogwn .count er chgcui% %%
time counting ogggat'oh By§%6ﬁﬁi'ﬁd3(HEJFiﬁ%%f%%% Ghal S FomRR Y di viding
circuit 102. Further, he.contgol ﬁiFEUit 104 cairies out the tinme counting
operati on BYCGuiIg oth&HECHE " sPERal "ana 80P Buf st heP ™M ai W8 V& Spul se
control signal tg the majn drive | se generating circuit 105 to drive to
rotate the ¥EFHRG Abt bR 188D E1REN -drive pulse Pl. The main drive
pul se generating circuit 105 outputs the main drive pulse Pl to the notor
driver circuit 10PeiwaEdponsert thetHerednoraPtei gAAFrt Ghtche tcbit r ol
circuit 104 (step S901 of Fig. 26). The nmotor driver circuit 107 drives to
rotate 74 thfe 3bteppd nglreternios thephechniaranidiadpulsethp. IHEe st eppi ng
motor 108 drives the display portion 110 by being driven to rotate by the
mai n drive §ilosdmeLt Thet dify exphehnehesdeppilng 1motedere0g8ei sonordral |y
rotated, at the anal og di splay portion
2, Fig. 3, Fig. 8, Fig. 21 through Fig. 26 as follows.
In Fig. 21, the oscillating circuit 101 generates the
signal of the predetermined frequency, the dividing circuit
102 generates the timepiece signal constituting the reference
of time counting by dividing the signal generated by the
oscillating circuit 101 and cutputs the timepiece signal to
the pulse down counter circuit 103 and the control circuit 104.
The pulse down counter circuit 103 carries out the time
counting operation by counting the timepiece signal from the
dividing circuit 102.
Further, the control circuit 104 carries out the time
counting cperatiocn by counting the time signal and ocutputs the
main drive pulse control signal to the main drive pulse
generating circuit 105 to drive to rotate the stepping motor
108 by the main drive pulse P1l.
The main drive pulse generating circuit 105 outputs the
main drive pulse P1 to the motor driver circuit 107 in response

to the control signal from the control circuit 104 (step 5901

of Fig. 26). The motor driver circuit 107 drives to rotate
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110, the current time display by the time hand or the like is carried out.
At the tinme point of detecting the detecting signal exceeding the reference
t hreshol d voltage Vconp, the rotation detecting circuit 109 outputs the
detecting signal to the <control circuit 104. When the rotation detecting
circuit 109 determ nes that the detecting signal exceeding the reference
threshold voltage Vconp is not detected at any detection section of the
first detection section Ti, the second detection section T2, third
detection section T3, that i en it is determned that rotation is not
carried out%%?fﬁﬁ?‘%@@f“ﬁﬁ?bﬁ%ﬁgg§8ﬁ3TaPhgrlE%ﬁFﬁéﬁI@rrctb?sgﬁﬁp&BHtrols t he
correction drive pul se . enerating circuit 106 _to output the correction
drive pul se®Op3Tp O%d?ﬁd%?iﬁﬁetﬂé Bb7Y RAGERALI ePY ST S 6P EPgnal
thereto. The correction drive pul se_generating circuit 106 outputs the
correction dPtGEeRY §BePRifodt hee motl6e ki vEPCTEPY cier1b7e iShSP84PBnse to
the control signal (step SQOSEQ The nmotor driver circuit 107 drives to
rotate the metepplhy irohernably BrtHedeort ddid sradriovel priiae PPEE1Phe
steppi ng notor 108 drives the anal og display portion 110 by 75 being
forcibly drilve€n the rargeatbyinhelicplpgchy dhadkine puiser P2e Ifker éby, at the
anal og di splay portion 110, the current time display by the tinme hand or
the like iscearipddoout. At the sane tinme, the control circuit 104 carries

out
At the time point of detecting the detecting signal

exceeding the reference threshold voltage Vcomp, the rotation
detecting circuit 109 outputs the detecting signal to the
control circuit 104.

When the rotation detecting circuit 109 determines that
the detecting signal exceeding the reference threshold voltage
Vcomp is not detected at any detection section of the first
detection section Tl1l, the second detection section T2, third
detection section T3, that is, when it is determined that
rotation is not carried cut (steps S$902 through 5904), the
control circuit 104 contreols the correction drive pulse
generating circuit 106 to cutput the correction drive pulse
P2 by cutputting the correction drive pulse control signal
thereto. The correction drive pulse generating circuit 106
outputs the correction drive pulse P2 to the motcor driver
circuit 107 in response to the control signal (step S$S905).

The motor driver circuit 107 drives to rotate the
stepping motor 108 by the correction drive pulse P2. The

stepping motor 108 drives the analog display portion 110 by

75



1 rank up by outputting the pulse up control signal UP to the main drive
pul se generating circuit 105 (step S906). Although the pul se down counter
circuit 103 outputs the pulse down control signal DOMN to the main drive
pul se generating circuit 105 at each time of counting the predeterm ned
time period (85 seconds constituting odd nunber seconds according to the
enbodi nent) , and the nmain drive pulse generating circuit 105 is driven by
the main drive pulse subjected to 1 rank down, when the predeterm ned tine
period is not counted, the pul se down ougger circuit 103 .does not output

the pul se RRHM%EAFFHPL%IAGAEE DONRCEE “Br &i R A O™ 8677 &d SEher ef or e,
pul se down of the main drive pulse is not carried qout (steps S1907, S908).
At processifify sTBRTER04 2 GWABR 332520 JaEBrAY R tirdt 1ife tHRIBLEERG si gnal
exceedi ng the reference threshold voltage Vconp is detected at the third
det ection deiétd v sp3apr By atler) tine 1@ Rir 8P 8et ¥ i oh SELEINCFB), the
control circuit 104 sets the third detection section flag KKT3 in
synchroni sm wi t hAtt heededreg thiing sithaarorer@tcddcal tt A4t par gl efetoddt i on
section T3, and outputs the pulse up control signal UP to the nain drive
pul se generlatiang ep rouicttpost imhdhebpulsheipmabntdel velgnAIs&@P 76 tdener ati ng
circuit 105 subjects the main drive pulse to 1 rank up (step S911). At
processi ng rstigp d3902, pwhea génesatdetgercdiroedtt hat (deep dEI0EGt.i ng si gnal
exceedi ng the reference threshold voltage
Although the pulse down counter circuit 103 cutputs the

pulse down control signal DOWN to the main drive pulse

generating circuit 105 at each time of counting the

predetermined time period (85 seconds constituting odd number

seconds according to the embodiment), and the main drive pulse

generating circuit 105 is driven by the main drive pulse

subjected to 1 rank down, when the predetermined time period

is not counted, the pulse down counter circuit 103 does not

output the pulse down control signal DOWN at processing step

1907, and therefore, pulse down of the main drive pulse is not

carried out (steps 51907, 5908).

At processing step 5904, when it is determined that the

detecting signal exceeding the reference threshold voltage

Veomp is detected at the third detection section T3 (rotated

in the third detection section T3), the control circuit 104

sets the third detection section flag KKT3 in synchronism with

the detecting signal detected at the third detection section

T3, and outputs the pulse up control signal UP to the main drive

pulse generating circuit 105. Thereby, the main drive pulse
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Vconmp is detected at the second detection section T2 (rotated in the second
detection section T2), the control circuit 104 immediately proceeds to
processi ng step S1907. At processing step S902, when it is determ ned that
the detecting signal exceeding the reference threshold voltage Vconp is
detected at the first detection section Ti (rotated in the first detection
section T1), thereafter, it is determned that the detecting signal
exceeding the reference threshold voltage Vconp is not detected at the
second detection section T2 (not rotated in the second detection section
T2) (step Ss0Syating daifivisl 17 peRiectdd sy Bebedy V6 Prbtessi hgarnst ep S904.
Further, the control circuit 104 sets the first detection section flag KKT1
at a time poPntiseepdePbtting the detecting signal exceeding the reference

t hreshold voltage Vconp at the first detection section Ti. At processing
step S909, when i&tiprastsenmongten 8303t hehewdtets idaf egingnall Exateddieng t he
reference threshold voltage Vconp is detected at the second detection
section T2 (@eteatedyg shgnéhk sesondndetdet reflesents onhfYhoicheraddabeol

circuit 104 sets the second detection section flag KKT2 at a tinme point of
detecting t Neodpt ectdengcsegnal tak $deorsbdendcdédecidarion/T2 sigcttiaardT2. The
control circuit 104 controls the pul se down counter circuit 103 not to

out put the pul ske dasgomeDAREELL SOYNAIctDONNT2by tHe donttebldet eelitonogect i on

flag KKT1l, thereafter, proceeds
immediately proceeds to processing step S1907.

At processing step 5902, when it is determined that the
detecting signal exceeding the reference threshold voltage
Vcomp is detected at the first detection section Tl {rotated
in the first detection section T1), thereafter, it is
determined that the detecting signal exceeding the reference
threshold voltage Vcomp is not detected at the second detection
section T2 (not rotated in the second detection section T2)
{step 5909), the control circuit 104 proceeds to processing
step 3904. Further, the control circuit 104 sets the first
detection section flag KKT1l at a time point of detecting the
detecting signal exceeding the reference threshold voltage
Veomp at the first detection section T1.

At processing step 5909, when it is determined that the
detecting signal exceeding the reference threshold voltage
Veomp 1s detected at the second detection section T2 (rotated
in the second detection section T2), the control circuit 104

sets the second detection section flag KKT2 at a time point

of detecting the detecting signal at the second detecticn
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to processing step S1907 (step 5910). The above-descri bed processing is
repeated at each of the predetermned tine period (85 seconds constituting
odd nunber seconds according to the enbodi nent) Thereby, the control
operation of the stepping notor 108 is carried out alternately in reference
to the detection results in driving by the drive pulses of the first and
the second polarities. Therefore, the stepping notor 108 is controlled in
reference to results of driving of the both polarities, and therefore, it
can be prevented that the nonrotation state is brought about even when the
drive al | oWeHEeSHi'fFer or drive all owances are changed between the

polarities by varjations of the steppin notor 108 or the like. Fig. 27 is
a flowchart shovviTlﬁ‘ﬁ SRR AR+ 6ﬁ§c8f'tal®t EBBFF@ES rwteoPui%%tdroéﬁ’ln CPVeEUt “and an
anal og el ectronic tinmepiece according tao still other enbodi nent. A bl ock

di agr am of THEU It il0F Behero @NBBYENENE AU SEnEoWRMPHS Fi §1923L Hfd™br ocessi ng
the sanme as those of Fig. 26 are attached with the same notations.
Accor di ng t®Y the ditidr derpeldiqreRect Hen plogddsingt Be e T tSg04PTfREAT t i s
determ ned that the detecting signal exceeding 78 the reference threshold
vol t age Vcoip Rochssddedtar $heUt nistePr détlédti on section T3, the control
circuit 104 controls the pulse down counter circuit 103 not to output the
pul se down cont ridle sbgmatdaser Prashityiocs spiingel ¢lovpeastegp a5108¢h . of

the predetermined time period (85 seconds constituting odd

number seconds according to the embodiment). Thereby, the

control operation of the stepping motor 108 is carried out

alternately in reference to the detection results in driving

by the drive pulses of the first and the second polarities.

Therefore, the stepping motor 108 is controlled in reference

to results of driving of the both polarities, and therefore,

it can be prevented that the nonrctation state is brought about

even when the drive allowances differ or drive allowances are

changed between the polarities by variations of the stepping

motor 108 or the like.

Fig. 27 is a flowchart showing operations of a stepping

motor control circuit and an analog electronic timepiece

according to still other embodiment. A block diagram of the

still other embodiment is the same as Fig. 21 and processing

the same as those of Fig. 26 are attached with the same

notations.

According to the other embodiment, at processing step

5904, when it is determined that the detecting signal exceeding
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In this case, the control circuit 104 sets the third detection section flag
KKT3 at a tine point of detecting the detecting signal exceeding the
ref erence threshold voltage Vconp at the third detection section T3, and
controls the pulse down counter circuit 103 not to output the pul se down
control signal by using the flag KKT3 at a timng in synchronism
therewith. Thereafter, the control circuit 104 is constituted to proceed to
processi ng step 5911. The other constitution or processing is simlar to
the enmbodinent of Fig. 26, Fig. 28 is a f|lowhart, show ng operati,ons of a
steppi ng mot6r TEOMETHEC EPFRETTIANGIARYANABY ©F SELFERFE A Pep g
according to still other enbodi ment. A block diagramof the ather
embodi ment iIC¢tEREieamEeakliml ¢T3 2 1t FPtEees SR hel ShnPntER S §heoe and
Fig. 27 are attached with the sane notations. According to the other
enbodi nent, A siesdedhsEeented Gifauital 0praetessi mytotéptEomsilaehelomwdr rect i on
drive pul se generating circuit 106 is driven by the correction drive pul se
P2, the pulosatdownseonat eandipraliitbit@3piisseofovnl [SEma103) out put the
pul se down control signal DOWM by the correction drive pulse P2 (step
S1101), thereaftein théscoasepolthd rouittrolO4iproceed8d F&L 3 dhpr ddessi ng step
S906. The other constitution or processing is simlar to those of the
enbodi ment s defteitgon26ecttiqn f2Ag RAET8escri béde ahome;, odcdetedtnigng ahishe
stepping notor control circuits according to the enbodi nents shown in Fig.
detecting signal exceeding the reference threshold voltage

Vcomp at the third detection section T3, and controls the pulse
down counter circuit 103 not to output the pulse down control
signal by using the flag KKT3 at a timing in synchronism
therewith.

Thereafter, the control circuit 104 is constituted to
proceed to processing step $911. The other constitution or
processing is similar to the embodiment of Fig. 26.

Fig. 28 is a flowchart showing operations of a stepping
motor control circuit and an analog electronic timepiece
according to still other embodiment. A block diagram cf the
other embodiment is the same as Fig. 21 and processing the same
as Fig. 26 and Fig. 27 are attached with the same notations.

According to the other embodiment, it is constituted that
at processing step 5905, the correction drive pulse generating
circuit 106 is driven by the correction drive pulse P2, the
pulse down counter circuit 103 is controlled not to output the
pulse down control signal DOWN by the correction drive pulse

P2 (step 51101), thereafter, the contrcl circuit 104 proceeds
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21 through Fig. 28, the control operation of the stepping notor
carried out alternately in reference to the detection results

the drive pulses of the first and the second polarities. In th
stepping notor 108 is controlled in reference to results of dr
both polarities, and therefore, it can be prevented that the n

state i

s brought about even when the drive all owances between

108 is
in driving by
is way, the
iving by the
onrotation
t he

polarities differ or changed by variations in the stepping notor 108 or the
like. Further, it islﬁieventgg to carré out rank down unnecessarily, and
6 henGRPSEAE

therefore, %PEArEHE

avented or hathe

even when the drive allowance is changed by the variatjions in

not or
St ate
contr ol

108 *ov St LPFke® 'Rhihéet, the edPdHdsIiey &t 849t hat: thid n

i s brought about b% firmy carryiqg out the pul se down
even whehst HEsgribed afPefiancacsardy

N dgul'dre ySctihged "

PhhOS PAtRF I I ddght  about

the stepping
@Hr'ot ation
prohi biting
Yhe

variations in the stepping notor 108 or the train wheel |oad. Further,
al t hough acedyidiongcischhles raxpactiinge to gohe myddidierns s shevimeith fdid-ve pul se

in the conbteeth shape is

used as the main drive pulse P1, and the drive

energy i s Zdohkrowah &9t @S hbigeobyrehamgiragivhedihy steppénamdtermaki ng
the pulse wdth constant, the drive energy nmay be changed by

108 is carried out alternately in reference to the detection
results in driving by the drive pulses of the first and the
second polarities.

In this way, the stepping motor 108 is controlled in
reference to results of driving by the both polarities, and
therefore, it can be prevented that the nonrotation state is
brought about even when the drive allowances between the
polarities differ or changed by variations in the stepping
motor 108 or the like.

Further, it 1is prevented to carry out rank down
unnecessarily, and therefore, it can be prevented that the
nonrotation state is brought about even when the drive
allowance is changed by the variations in the stepping motor
108 cor the like.

Further, it can be prevented that the nonrotation state
is Dbrought about by firmly carrying out the pulse down
prohibiting control even when the drive allowance 1is
irregularly changed by the variations in the stepping motor
108 or the train wheel load.

Further, although accerding to the respective
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changi ng a nunber of the conbteeth by making the duty ratio constant (in
this case, the pulse width is changed), or the drive energy may be changed
by changing the pul se voltage. Further, the main drive pulse of a
rectangul ar wave may be used. Further, the invention is applicable to a
stepping notor of driving a calendar or the |ike other than the tine hand.
Further, although the invention is explained by the exanple of the

el ectronic tinmepiece as an exanple of applying the stepping notor, the
invention is applicable to an_electroni¢c apparatus using a notor, The

st eppi ng nD?%PO%;ﬂﬁqﬁﬂf Eheclipin adebidiPNg SPo1fhEhe | FRAHGS3R B82RBptFcabl e to
various electronic apparatus using a stepping notor. Further, the

el ectroni c ¥¥¥@precktackatdi Agive P%%Seiﬁgenﬁﬁ%nthg dppYe cabPEIY ol Yari ous
kinds of analog electronic tinmepieces starting fromvarious kinds of anal og
el ect roni ¢ CORHel; HeEss thashap by attaidamdf thetdwiy satho adhide Baklog

el ectronic wistwatch having a cal endar function, an analog electronic
cl ock havi ngha rdlsendadthupendtomt,8thwhd ive atlegigyeday soe thaagstlebpi ng not or
control circuit characterized in conprising: rotation detecting neans for
det ecti ng aclkieteiotg rgnusibgmnab f gelme rcaiméd ey hr byana hgna Steeplpitygrabtor, and
detecting a situation of rotating the stepping notor by whether the
constant {(in this case, the pulse width is changed), or the
drive energy may be changed by changing the pulse voltage.
Further, the main drive pulse of a rectangular wave may be used.

Further, the invention is applicable to a stepping motor
of driving a calendar or the like other than the time hand.
Further, although the invention is explained by the example
of the electronic timepiece as an example of applying the
stepping motor, the invention is applicable to an electronic
apparatus using a motor.

The stepping motor control circuit according to the
invention is applicable to various electronic apparatus using
a stepping motor.

Further, the electronic timepiece according to the
invention is applicable to various kinds of analog electronic
timepieces starting from various kinds of analog electronic
timepieces having a calendar function such as an analog

electronic wristwatch having a calendar function, an analog

electronic clock having a calendar function.
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detecting signal exceeds a predeterm ned reference threshold voltage in a
predeterm ned rotation detecting tinme period, and drive controlling neans
for controlling to drive the stepping notor by any of a plurality of main
drive pulses of energies different fromeach other, or a correction drive
pul se of an energy larger than the energies of the respective main drive
pul ses in accordance with a detection result by the rotation detecting
nmeans; wherein the rotation detecting tine period started imrediately after
driving byg&%ﬁ main_driv ulse is partitioned into a plurality of
det ecti on i&ﬁs?lﬁhﬂegh “drive controlling means prohibits a pul se down
of the main drivg gulse when the detecting s%gnal exceedin ,ng,reference
i et &F &6

t hreshol d vol t ag JEERRERY BRI EPER Bed oed BRth M period by
the rotation detecting neans. 2. A stepping notor control circuit according
to claim ZECT"®Faratférized in that the drive controlling neans prohibits
the pul se down of the main drive pulse when the detecting signal exceeding
the reference threshblenvertageins Heaeet éarbyletRetiBg ot Gt @8t ecti ng
means at a first detection section constituting a first detection section
i mmedi at el Pishedr geheraged WyngotBting st epprRg oot reoARd olle e atduiot
according to claim 1 or 2, characterized in that the drive controlling
means conpy isidsiag ipnl o dowmténantee slieeming ofotgut gut tvimt e piihee
detecting signal exceeds a predetermined reference threshold
voltage in a predetermined rotation detecting time period, and
drive controlling means for controlling to drive the
stepping motor by any of a plurality of main drive pulses of
energies different fromeach other, or a correction drive pulse
of an energy larger than the energies of the respective main
drive pulses in accordance with a detecticon result by the
rotation detecting means;
wherein the rotation detecting time period started
immediately after driving by the main drive pulse 1is
partitioned into a plurality of detection sections, and the
drive controllingmeans prohibits a pulse down of themaindrive
pulse when the detecting signal exceeding the reference
threshold voltage is detected at the predetermined detecting
time period by fthe rotation detecting means.
2. A stepping motor control circuit according te claim
1, characterized in that the drive contrclling means prohibits

the pulse down of the main drive pulse when the detecting signal

exceeding the reference threshold voltage is detected by the
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down control signa

for controlling to subject the main drive pulse to the

pul se down when tine is counted for a predetermned tine period, drive

pul se generating ne
correction drive pu
subj ecting the main
t he pul se down cont
notor in response
and controlling ne
controlling tPe not
drive pul sef3F*amy
different from eac
| ar ger thanc?ﬂ%tgﬂé
detection resu|lt b
det ecting t FAEVH |
i medi ately after
section after the
after the second de
controls thé RHiArd
by resetting the p

ans for outputting the nmain drive pulse or the

| se in correspondence with a pulse control signal, and
drive pulse to the pulse down to output in response to
rol signal, notor driving neans for driving the stepping

to the drive pulse fromthe drive pul se generating neans,
ans for outputting the pulse control signal for

or, driyi means to _driv

i n .the steppi.ng notor_.by the main
of StRE bparéW?YV o?tnd?n%&Fﬁge é%%%?éq”bstﬁglgﬁergies
other,_ . or the correction drive pu]se of_the_gnergy
Giong EbF5 i Tea b T Tl I HERVEL Bt SEE BatER on ¢ he
y the rotation detecting nmeans; wherein the rotation
od is partitioned to a first detection section
83 driving by the main_drive pulse, a second_detection
A PEEPRIBR@CIITON SeREToh,Cidifdid BRFPEIHEE 6t FoR1Msect i on
tection section; and wherein the controlling neans

Ehoeachurszedolimsthedt the bE Sifhjeeetee Lednghdepifse down
ul se down counter circuit when the rotation detecting

comprises a pulse down counter circuit of ocutputting a pulse

down control signal for controlling to subject the main drive

pulse tothe pulse down when time is counted for a predetermined

time period,

drive pulse generating means for outputting the main drive

puise or

the correction drive pulse in correspondence with a

pulse control signal, and subjecting the main drive pulse to

the pulse down to output in response to the pulse down control

signai,

motor driving means for driving the stepping motor in response

to the dr

ive pulse from the drive pulse generating means, and

controlling means for outputting the pulse control signal for

controlling the motor driving means to drive the stepping motor

by the ma

in drive pulse of any of the plurality of main drive

pulses o©of the energies different from each other, or the

correction drive pulse of the energy larger than the energies

of the respective main drive pulses based on the detection

result by the rotation detecting means;

wherein the rotation detecting time period is

partitioned to a first detection section immediately after
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means detects the detecting signal exceeding the reference threshold
voltage at the first detection section. 4. A stepping notor control circuit
according to claim 3, characterized in that the controlling nmeans sets a
flag in correspondence with the detection section at which the rotation
detecting neans detects the detecting signal exceeding the reference
threshol d voltage and resets the pulse down counter circuit in synchronism
with the set flag in correspondence with the first detection section. 5. A
stepping nmotor control circuit according to claim 3 or 4, characterized in
that the co Lrolligg y ans confrols ihe ma e so as not to be
s

in drivg gm

subj ect ed tT1tHED © fRT B 1PEsBEL PRy T RESHEAs8S46%h 2BUHTErA r cui t
when the rofation de%ggtiqg neans does not detect the, detecting signal
exceedi ng the Frefetente” T hr &Hoid Vol $5de C8r #hE @ r'stTYet it o sect i on
and detects the detecting signal exceeding the reference threshold voltage
at the thi riPder8ctitdRr 5Bt FPNb deACStdpPi AECHB Y FWhtrol circuit
according to any one 84 of clains_3 through 5, characterized in that the
control ling meaW§esatputiae tanrntpeldéngonedot NGHaIlst shenBaidtBiid i vi ng
means to drive the stepping notor by the correction drive pulse when the
rotati on deiE@Es g FeaNs Hobs bl diattot e gudeetdony byi Hamttiedxeedi ng the
reference threshold voltage in any of the detection sections and controls
the mai n driihe guilsse downasonoter circuit when the rotation detecting

means detects the detecting signal exceeding the reference

threshold voltage at the first detection section.

4. A stepping motor control circuit according to claim

3, characterized in that the contreolling means sets a flag in

correspondence with the detection section at which the

rotation detecting means detects the detecting signal

exceeding the reference threshold voltage and resets the pulse

down counter circuit in synchronism with the set flag in

correspondence with the first detection section.

5. A stepping motor contrel circuit according to claim

3 or 4, characterized in that the controlling means controls

the main drive pulse so as not to be subjected to the pulse

down by resetting the pulse down counter circuit when the

rotation detecting means does not detect the detecting signal

exceeding the reference threshold voltage at the first

detection section and detects the detecting signal exceeding

the reference threshecld voltage at the third detection

section.

6. A stepping motor control circuit according to any one
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to be subjected to the pul se down by resetting the pul se down counter
circuit in synchronismwth the correction drive pulse. 7. A stepping notor
control circuit according to any one of clains 3 through 6, characterized
in that the controlling neans conprises a logic circuit, and controls the
main drive pulse so as not to be subjected to the pul se down by resetting
the pul se down counter circuit by using a signal in correspondence with the
flag. 8. A stepping notor control circuit according to claim 1 or 2,
characterized in that the drive controlling means conprises a pul se down

i gnal generati g ol reuhLo0f, ot BULELDG. &, Rulisecaan: o1 anal LoF; sybj ecting

the main drive pul se ul’se "down contr at a predeterm ned period,

drive pul se 8&9@6"&#;{1&5”%%@5 [19Le oL QUL G @Qghgﬁ BRI 0, A MG BEH%ngr the

correction drive pu respon ence w the  pulse control gnal, and

subj ect | N9 Lhen TN O] BaRU a8l 80 NG DY S6dou. Lo oyt putd D, gponse to

t he pul se down" IvViEng reans Vi ng

EZFQPI ty, 4 e %ﬁféto%[ﬁ% dt?l ﬁ%%é%ggs%fﬁ%ﬁ%tv%ﬁ%%?ﬁ?@??bﬁé{ he h
i ve pul seot Fon] BRESar D8 i S8 i%%?egmééh%%ﬂg 36 Th&NEG PO ing

means for outputting the pul se control %nal , ,
detection sections and controls the main drive pulse so as not

to be subjected to the pulse down by resetting the pulse down
counter circuit in synchronism with the correction drive
pulse.

7. A stepping motor control circuit according to any one
of claims 3 through 6, characterized in that the controlling
means comprises a logic circuit, and controls the main drive
pulse so as not to be subjected to the pulse down by resetting
the pulse down counter circuit by using a signal in
correspondence with the flag.

8. A stepping motor control circuit according to claim
1 or 2, characterized in that the drive controclling means
comprises a pulse down signal generating circuit of outputting
a pulse down signal for subjecting the main drive pulse to a
pulse down control at a predetermined period,

drive pulse generating means for outputting the main drive
pulse or the correction drive pulse in correspondence with the
pulse contrecl signal, and subjecting the main drive pulse to
the pulse down to output in response to the pulse down signal,

motor driving means for driving to rotate the stepping motor
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for controlling the drive pul se generating neans to drive the stepping
notor by the main drive pulse of any of the plurality of main drive pul ses
of energies different fromeach other, or the correction drive pulse of the
energy larger than the energies of the respective main drive pul ses based
on the detection result by the rotation detecting neans; wherein the
rotation detecting tine period is partitioned into a first detection
section immediately after driving by the main drive pulse, a second

detection 9804} PDnA{dBF <LBE1VhAglerieheert Of1SROLE ON candy pd i et ect i on

section after the second detection section; and wherein when driven by the
mei n drive pul $§c0h i he ppredetennioe tlﬁéﬂaxﬁquaattxe%gttmmh@ drive

pul se of the predeternlned second polarity, the controlling nmeans

det erm nes f\M}%tthE'ol%PftP#rLscﬁ‘n down i GAGTd C%lljltd hased E’é‘rrhﬂﬁa]]sd%ec“ on

result having a ive allowance in detection result when driven

Lo rotate BythaI=in drd ve Ml 58, %@%t'g%%' BLLLY @i fhe detection

resul t when driven rive puI Seco
polarity, and when .86 the pulse down is not carried out, the controlling
means controls’ sugﬁ that t he pul se down signal generating circuit does not

out put the Ise qt nal _to theug_1 Ry fngratln neans

st eppi ng not F’%Qﬂt#%h Or RS SRE SR é ﬁg éﬁgtﬁg 8% S g&té%¥§@d in that

in a case %%IQEBXLPglfQE_ Qﬁquéﬁngﬁﬁse generating means to drive the
stepping motor by the main drive pulse of any of the pluraiity
of main drive pulses of energies different from each other,
or the correction drive pulse of the energy larger than the
energies of the respective main drive pulses based on the
detection result by the rotation detecting means;

wherein the rotation detecting time period 1is
partitioned into a first detection section immediately after
driving by the main drive pulse, a second detection section
after the first detection section and a third detection section
after the second detection section; and
wherein when driven by the main drive pulse of the

predetermined first pelarity and the main drive pulse of the
predetermined second polarity, the controlling means
determines whether the pulse down is carried out based on the
detection result having a smaller drive allowance in the
detection result when driven to rotate by the main drive pulse
of the first polarity and the detection result when driven to

rotate by the main drive pulse of the second polarity, and when
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pul se of the predetermined first polarity and the main drive pulse of the
predeterm ned second polarity, when at | east one detection result by the
rotation detecting nmeans detects the detecting signal exceeding the
reference threshold voltage at the first detection section, the controlling
means controls such that the pul se down signal generating circuit does not
out put the pul se down signal to the drive pul se generating neans. 10. A
stepping nmotor control circuit according to claim 8 or 9, characterized in
that in the case of driving by the main drive %ulse of the predeterm ned
first polarfb§ BH4SEhEOYRailf AFtvE3pELse 6Mty héhfr SEBTEPH Y §8RBAd
polarity, when the at |east one detection result by the rotation detecting
means det ecESNER@L Bt et ithg tsFhRaPL S soding  fhel redd&id@I FhFEShBI d
voltage only at the third detection section, the controlling nmeans controls
such that tHeepuhse eoRALE| §hal Pugenedavingignatute 8besdrd¥SobBpEe t he
pul se down signal to the drive pul se generating neans. 11. A stepping notor
control cirganeracto? digrpst.0 any 87 one of clains 8 through 10,
characterized in that in the case of driving by the main drive pul se of the
predeterm ned fir%t A ptkapity rexicbrt benbmoh ariord tpakserding e pledwt er mi ned
second polarity, when the at |east one detection result by the rotation
det ecti ng nearmshadeesendtzedetretchat hiem detesat bfigirsivignal bexbeedi ingdrt e
reference threshold voltage at any of the detection

pulse of the predetermined first polarity and the main drive

pulse of the predetermined second polarity, when at least one
detection result by the rotation detecting means detects the
detecting signal exceeding the reference threshold voitage at
the first detection section, the controlling means controls
such that the pulse down signal generating circuit does not
output the pulse down signal to the drive pulse generating
means.

10. A stepping motor control circuit according to claim
8 or 9, characterized in that in the case of driving by the
main drive pulse of the predetermined first polarity and the
main drive pulse of the predetermined second poclarity, when
the at least one detection result by the rotation detecting
means detects the detecting signal exceeding’ the reference
threshold voltage only at the third detection secticn, the
controlling means controls such that the pulse down signal
generating circuit does not output the pulse down signal to
the drive pulse generating means.

11. A stepping motor control circuit according to any
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sections, the controlling nmeans controls such that the pul se down signal
generating circuit does not output the pulse down signal to the drive pul se
generating means. 12. A stepping notor control circuit according to any one
of clainms 8 through 11, characterized in that the controlling nmeans
controls such that the pul se down signal generating circuit does not output
the pul se down signal to the drive pul se generating neans based on
detection results contiguous to each other in driving to rotate by the main
drive pulses of the first and the second olarh%Les. 13.. A steppi ng notor
cont rol | ci rOUF @ FaECOHET g EPEOHAY L lonEnBF SEF S M “Dhi BEigH L 3he At act er | 2ed
in that when_the pulse down of the main drive pulse is prohibited, after an
el apse of Ph&TIGEagi B et Bat T (i tVienBY pet i Yd PR e ¥ sdsrer i PeAgt Hedins
controls such that the pul se down signal generating circuit does not output
the pul se dONWASitghandtd g Reiardsierpiriae YehbparisHyireaaed1aec®dt eppi ng
motor control_ circuit according to any one of clainms 8 through 13,
char act eri zZR®il a3 fi tthathehERe @tel gaftsene dgtaphhonreshet Riithadrpvet bl se i s
prohibited, after an elapse of the correction drive pulse drive tine
period, thedetarting Reags fegrsidode Fets thgote tdratl nohel gnd lsexdeswing gnal
generating circuit does not output the pulse down signal to the drive pulse
gener ati ng meansetdbenge stbppéimgl dovoltzont rdl acr afi ttlecdetiengien any

sections, the contrelling means controls such that the pulse

down signal generating circuit does not ocutput the pulse down

signal to the drive pulse generating means.

12. A stepping motor control circuilt according to any

one of claims 8 through 11, characterized in that the

controlling means contrels such that the pulse down signal

generating circuit does not output the pulse down signal to

the drive pulse generating means based on detection results

contiguous to each other in driving to rotate by the main drive

pulses of the first and the second polarities.

13. A stepping motor control circuit acceording teo any

one of claims 8 through 12, characterized in that when the pulse

down of the main drive pulse is prohibited, after an elapse

of the rotation detecting time period, the controlling means

controls such that the pulse down signal generating circuit

does not output the pulse down signal to the drive puise

generating means.

14. A stepping motor control circuit acccrding to any

one of claims 8 through 13, characterized in that when the pulse
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one of clains 8 through 14, characterized in that the pul se down signa
generating circuit outputs the pulse down signal at each tinme of counting
time for the predeternmined time period. 16. A stepping notor control circuit
according to claim 1 or 2, characterized in that the drive controlling
means conprises a pul se down counter circuit of outputting a pulse down
control signal for controlling to subject the nmain drive pulse to a pulse
down when tine is counted for a predeterm ned period, drive pul se
generating means for outputting the nain drb¥gﬁégulse r the cqrrection

drive pul se %PH cBF r d¥pIidence it Rease pil $F 6 sl ,2Tafa 886 ect i ng
the main drive pulse to the pulse down_to output in response to hhe pul se
down controPf sHyRalCOTFSCEE O8r | V5 mBRhSef L HFS vithg St PFotUle £RE stepping
notor by alternately supplying the drive gulse of a first polarit and the
drive pul seCoRtECsLERRIPOIArGHV 1HiLFf éLERt LRRABNTRRePUEFT HOWIoISAAIAY from a
first and a second drive termnals in response to the drive pulse fromthe
drive pul sedgagsphinariBitesoes aatl ewkrtoliiengudeandoyvrsigindutei ng t he
pul se control signal for controlling the drive pulse generating neans to
drive the ¢heppiraye nptbie yendm@timonngdenge pul se of any of the plurality
of main drive pulses of the energies different fromeach other, or the
correction drive pul sk sfeddimgenergy ¢earigerl thamutifieaccording to any
one of c¢laims B8 through 14, characterized in that the pulse
down signal generating circuit outputs the pulse down signal
at each time of counting time for the predetermined time period.
16. A stepping motor control circuit according to claim
1 or 2, characterized in that the drive controlling means
comprises a pulse down counter circuit of outputting a pulse
down control signal for controlling to subiect the main drive
pulse to a pulse down when time is counted for a predetermined
period,
drive pulse generating means for ocutputting the main drive
pulse or the correction drive pulse in correspondence with a
pulse control signal, and subjecting the main drive pulse to
the pulse down to output in response to the pulse down control
signal,
motor driving means for driving to rotate the stepping motor
by alternately supplying the drive pulse of a first polarity
and the drive pulse of a second polarity different from the

first polarity from a first and a second drive terminals in

response to the drive pulse from the drive pulse generating
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energies of the respective main drive pul ses based on a detection result by
the rotation detecting neans; wherein the rotation detecting tinme period is
partitioned to a first detection section inmediately after driving by the
mai n drive pulse, a second detection section after the first detection
section and a third detection section after the second detection section;
and wherein the controlling nean controls the pul se down counter circuit so
as not to output the pulse down control signal when it is determ ned the
detection result detects the detecting signal exceeding the reference
threshol d Va3 %ge28f |east at the first detection section alternately in
reference to detection results in driving by the drive pulses_of the first
and the secéfdtpslaingimeansifor puspepbing Thetor scomerorobigtpt f&cording to
claim 16, characterized in that the pul se down counter circuit outputs the
pul se down &uvncdllisgghak dtisgachulseredoterduimd mgarcddnuhber $éc€onds;
wherein the controlling neans outputs the pulse control 90 signal such that
t he notor drtiepmgoneeisr Car thegadotddiievpngset eheg of ithe puldstaf t he
first polarity and the second polarity alternately at the period of 1
second, andfoainolrs vetthe gad sk tdevenecomuetsedi tigmuitt fsom aschaotthes, out put t he
pul se down control signal when it is determned that the detection result
det ects t hedethectbngest goaldiexceedilng ¢hechefegreenye larger than the
energies of the respective main drive pulses based on a
detection result by the rotation detecting means;
wherein the rotation detecting time period 1is
partitioned to a first detection section immediately after
driving by the main drive pulse, a second detection secticn
after the first detection section and a third detection section
after the second detection section; and
wherein the controlling mean controls the pulse down
counter circuit so as not to cutput the pulse down contrecl
signal when it is determined the detection result detects the
detecting signal exceeding the reference threshold voltage at
least at the first detection section alternately in reference
to detection results indriving by the drive pulses of the first
and the second polarities.
17. A stepping motor contrel circuit according to claim
16, characterized in that the pulse down counter circuit
outputs the pulse down control signal at each time of counting

odd number seconds;

wherein the controlling means outputs the pulse control
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threshold voltage at least at the first detection section alternately in
reference to the detection results in driving by the drive pul ses of the
first and the second polarities at each of the odd nunber seconds. 18. A
stepping nmotor control circuit according to claim 16 or 17, characterized
in that the controlling means sets a flag in correspondence with the
detection section at which the rotation detecting neans detects the
detecting signal exceeding the reference t hreshol d voltage and control s

the pul se down_counter . cirgcuit out put th own _contro
Signal i n sYAEHPORTSH eR e T98g SBtT IR WG §866&%ﬁc S OER TR 1 st
detection section. 19. A ste tor_,control CUIt according to any
one of clai fg St FrdyghPras gg ?aggerﬁie&t ﬁoéﬁéﬁ Yhahdc %ﬁ?rSFFgﬂ means
controls the Eulse down counter circuit SO as not to ou (yt t he ulse down
control si gR&FihER AHETWGatYoR" it BEFIRY NednSedoRE: ﬁHF &@PéEP Fhe
detecting signal exceeding the reference threshold voltage at the first
det ecti on s&BE BRLSaRPYderaBREeX Hal Ifatidc EPngS SiYndle aPtPWﬁaqqﬁ PYla8t ection
91 section. 20. A stepping nmotor control circuit according to any one of
claims 16 t HP¥ogheIEolckapaet evhered ti hstfectHae SAREOINS H§TRERAS N OUt put S
the pulse control signal to the drive pulse generating means to drive the

st eppi ng notesuby deteectsorthectpbacHilY e inilade evkending tlot afencdetect i ng

means does
threshold voltage at least at the first detection section

alternately in reference to the detection results in driving
by the drive pulses of the first and the second polarities at
each of the ocdd number seconds.

18. A stepping motor control circuit according to claim
16 or 17, characterized in that the controlling means sets a
flag in correspondence with the detection section at which the
rotation detecting means detects the detecting signal
exceeding the reference threshold voltage, and controls the
pulse down counter circuit so as not to output the pulse down
control signal in synchronism with the flag set in
correspondence with the first detection section.

19. A stepping motor contrel circuit according to any
one of claims 16 through 18, characterized in that the
controlling means controls the pulse down counter circuit so
as not to cutput the pulse down control signal when the rotation
detecting means does not detect the detecting signal exceeding
the reference threshold voltage at the first detection section

and detects the detecting signal at the third detection
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not detect the detecting signal exceeding the reference threshold voltage
in any of the detection sections and controls the pulse down counter
circuit so as not to output the pulse down control signal in synchronism
with the correction drive pulse. 21. A stepping notor control circuit
according to any one of clainms 16 through 20, characterized in that the
controlling neans is constituted by a logic circuit and controls the pul se
down counter circuit so as not to output the pulse down control signal by
using a signal in correspondence with the flag. 22. A stepping notor

control circuit. according to any one of clains 1 through 21, characterized
in that wheés tHE mmin drive pul se is subjected to the pul se down, the
controlling neans carrjes out the pulse down after an el apse of the
rotation detect?ﬁg 3iﬁ%@%ﬁ¥¥%6@t§§.C%P%E%ﬁﬁ?ﬁ&“&EtBFCSBH% BT i ¢
according to an one . of ¢l ai 1 through 22, characterized, in that when the
mai n drivé“ﬁhlé% © aéﬂﬁjé@te 49 % het ulgéafﬁﬁﬁﬁr% cb%thPEiﬁﬁe 92 neans
carries out the pul.se down after an el apse of the porrectionéfnive pul se
drive time ‘i?é‘rtir(?&.ll?ﬂ.m%ﬁlsa?fé‘%%SeF%%PPEﬁP&%tﬁ?Bﬁi%adh‘é?5@? 5i26d by an
anal og el ectronic tinepiece including a stepping notor of driving to rotate
a time hand®Ulefd rsreppragnAdRdr tRoR BT tF rERRPBTI dWHtGT0NY g™ he

st eppi ng not or; . .
correction drive pulse when the rotation detecting means does

not detect the detecting signal exceeding the reference
threshold voltage in any of the detection sectiens and controls
the pulse down counter circuit so as not to output the pulse
down contrel signal in synchronism with the correction drive
pulse.

21. A stepping motor control circuit according to any
one of claims 16 through 20, characterized in that the
contrelling means is constituted by a logic circuit and
controls the pulse down counter circuit sc as not to output
the pulse down control signal by using a signal in
correspondence with the flag.

22. A stepping motor control circuit according to any
one of ¢laims 1 through 21, characterized in that when the main
drive pulse is subjected to the pulse down, the controlling
means carries out the pulse down after an elapse of the rotation
detecting time period.

23. A stepping motor control circuit according to any
cne of claims 1 through 22, characterized in that when the main

drive pulse is subjected to the pulse down, the controlling
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wherein as the stepping notor control circuit, the stepping notor control
circuit according to any one of clains 1 through 23 is used. 93

means carries out the pulse down after an elapse of the
correction drive pulse drive time period.

24. An analog electronic timepiece characterized by an
analog electronic timepiece including a stepping motor of
driving to rotate a time hand, and a stepping motor control
circuit of controlling the stepping motor;

wherein as the stepping motor control circuit, the
stepping motor control circuit according to any one of claims

1 through 23 is used.
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