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(57) Abstract

A phasc locked driving type motor is reliably started and stably
rotated. A motor driving device is provided with a stepper motor
constituted at least of a bipolar stator, a rotor with a bipolar permanent
magnet, and a driving coil magnetically coupled to the stator, a driving
pulsc generating means which outputs a driving pulse signal for
driving the stepper motor, a driving circuit which supplies a driving
current to the driving coil according to the signal from the driving
puise gencrating means, 2 voltage detecting circuit which detects the
back electromotive voltage generated by the rotation of the rotor, and a
magnetic pole position detecting means which detects the position of
the magnetic pole of the rotating rotor with respect to the stator besed
on the detection signal of the voltage detecting circuit. The driving
pulse generating means controls the outputting timing of the driving
pulse signal based on the detection signal of the pole position
detecting means used, The magnetic pole position detecting means
stops the output of the driving pulse signal based on the signal
detected by means of the voltage detecting circuit while the driving
pulse signal is outputted and, al the same time, causes a driving pulse
signal whose phasc is opposite to that of the driving pulse signal to be
outputied. The phase locked driving type motor is started reliably,
accelerated quicky, and rotated stably. A higher-performance motor
driving circuit can be realized by combining embodiments, Moreover,
high-speed high-torque rotation of the motor is realized with a simple
system constitution without changing the structure of a conventional
flar type bipolar motor.
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10 [Background Art] To rotate a notor at a high speed

with a |arge torque I's one of the nost inportant factors in terns
of an inprove- ment in basic performance of the notor, and has
been studi ed and devel oped for nmany years. For exanple, an

el ectgorte—315 t-rreprecte—as—onre—of—product S—~trst rg-otors—has—een
adva ced(5 7) B to have many functions in recent years. Tinepieces
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zeroed in normal use. For this reason, high-speed rotation 25 of the
notor is very inportant in terns of an inprovenent in

- 2- operability, and the like. A | arge-torque
notor is indispensable when a fl at wei gfit: i s attached to a notor
to use a ti nmeRiganAsaer a vi bration alarm for infornPCRIEINeL276 ne
using vibrations 5 generated upon rotation of the notor, or when a
disk is attached instead of a pointing hand to a tinepiece notor_
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perform di spl ay other than display of the tine. Waen t he

notor is rotated at a high speed, even if out put of a driving
pul se is stopped, the notor may not 10 i mmedi ately stop due to the
inertia of the notor or parts (e.g., areduction ring train and a
poi nti ng ha%We timepi ece) connected to therowaPs?T01276
Normally, to obtain a predet erm ned nunber of rotation, a
correspondi ng nunber of L pul ses are output. In this case,

however, the nunber of 15 outputéunses is not equal to the nunber
of rotation of the not or . In, e.g., a tinepiece
pointing hand, this is a fatal defect and leads to a tine display
error and the like. In addi tion, the nmagnetic _pol e generated at
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fromthe pole position of the rotc;r'dependl ng on the pole

position of the rotor upon stopping the notor, and the notor

not normally rotate. Therefore, in a systemfor driving
notor at a high speed, and accurately controlling the 25
speed of thewowt/sss8to a desired value, it is

t he

rotation
PCTIIP97/01276

- 3- | nportant that the notor nust be stopped at a

pr edet er mi ned p05| tion.
3
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A conventional notor driving apparatus will be de- scri bed bel ow

by exenplifying the stepping notor of an 5 el ectronic tinepiece.

Fig. 1 is a view of the arrangenent of a notor driving appar at us
constituted by a conventional bipolar stepping notor, and Figs. 2
to 7 are pl powisMgr 'espectively, show ng the paowIrene276

rel ati onship between the magnetic 10 poles of -a stator and a rotor.
As a means for converting an el ectrical signal into a nechanica
rotating notion, the bi pol ar syeppi ng notor is constituted by 4
driving coil 101, a flat stator 102, and a rotor 103, as shown in
Fig. 1. The flat stator 102 has a step 102a, as shown in Fig. 2.
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potential across the two termnals of the driving coil 101,

thereby exciting the flat stator 102. In the bipolar notor shown
in Fig. 1, when no current flows through the driving 20 coil 101,
the pole position of the rotor 103 with respect to the fl at
stator 102 i sy@bysesst atically stable point 110 : s TREAPPTOIZTSy . 2
when a current flows through the driving coil 101 to excite the
flat stator 102, it is at an el ectro- magnetical ly stabl e point
111 shown in Fig. 3. 25 Normakly, in the electronic tinepiece,
a driving pul se -4-
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signal for changing the potential across the two termnals of the
dri-ving coil 101 is output .-fromthe notor driver 104a or 104b for
4 to 5 n5to cause a pulse current to flow t hrough the dri.ving
coil 101, thereby rotating the rotor 5 103. Wien the rotor 103

rotates duri Rgpbhsgegupply of the current to the dcfimengdlsl 101,
~and cones to nearly a pole position shown in Fig. 4 wth respect

to the flat stator 102, the current flow ng through the driving
coil 101 stops. The rotor 103 rgtates to a position in Fig. 5 due
to the 10 Inertia, is subjected to danped vibration about the stati-
cally stable point 110, and finally stops. After the rotor
103 becones still, a driving pulse ignal is output from e.qg.,
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a current to flow through the driving coil 101, thereby 15 exciting

the flat stator 102, as shown in Fig. 6. In this case, the rotor
103 rotates through 180 in a rotation direction A shown in Fig.

6. Further, after the rotor 103 becones- still, a driving pul se

si gnal is outwwotorbssem t he notor driver 104b on a SPCEIPSPMB% te to
the side fromwhich 20 the previous driving pul se signal is output.
Then, the rotor 103 rotates another 180[err] in the direction A
in Fig. 6. If the rotor 103 is rmotated by causing a current to
fl ow t hrough the driving coil 101 after the rotor 103 becones
still, it reliably rotates in the direction A showmn in 25 Fig. 6.
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- 5- Wien the stepping notor is to be rotated at a high

speed, the rotor 103 nust be rotated at a high speed, as mat t er
of course. At this tine, the output interval between driving
pul se signals output fromthe notor drivers 104a and 5 104b nust be
shortened. wo 9738487 I f the output interval between drecwargrarese
signals is shortened in order to rotate the rotor 103 at a hi gher
speed, the next driving pul se signal nust be output before danped

vibration of the rotor 103 inmediately afger its
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10 rotation stop. If the next driving pulse signal is

out put when the - rotor 103 is at a position in Fig. 7 during
danped vi bra- tion, i.e., the rotor 103 and the

el ectromagnetically stable point 111 have a positiona

rel ati onshi p woomsssn Fig. 7, 15 the rotor 103 undesiPCHRITABIE es
in a direction opposite to the direction A showmn in Fig. 6, i.e.,
opposite to the normal direction. Therefore, to stably rotate
the rotor 103, the output inter®l between driving pul se signals
nmust be set to atine or nore required to stabilize danped 20

vibration of the rotor 103 upon rotation within a range not to
et ot ol BB S I ol S ey HY oA
signal and t he gjamrop B Tl Sh 2BRE RIZAEBE H I T5 L L bic. AlcREVER
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time of, i.e., the m ninmumoutput period of the driving 25 pul se
signal is around 10 nS. This indicates that the

6 out put frequency of the driving pulse signal is limted to
about 100 Hz in the current driving schene. ' Thi s probl em
however, hasy§onsgsgr! ved by the schene ~ di scl osed pdrzbopRRRSE
Pat ent Application No. 6-304440 filed 5 by the present applicant.
Fig. 8 is a circuit diagramshow ng an exanple of a
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driving circuit in a conventional notor driving apparatus, and
Fig. 9 is a waveformchart show ng the operation of the driving
circuit in Fig. 8 10 In Fig. 8, reference nuneral 25' denotes
a driving circuit, which is constituted by notor drivers |a and

| b. wbDohsgsence nuneral 2 denotes a driving coil; RTIPINIZE
counter electronotive voltage detection circuit, which has a bias
means 3 and a voltage detection circuit 5. The bias 15 means 3 is
constituted by switch neans 3a and 3b, ang pi as resistors 3c and
3d having the same resistance val ue. Ref erence nuneral 4 denotes
a flat stator. The vol t age detection circuit 5 is constituted
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notor constituted by the driving coil 2, the flat stator 4, and
Wien a signal OE1 is at "H' level, the notor

the rotor 103.

drivers |l a

and | b buffer-output input signals Ain and Qin,

respec- 25 tively; when the signal OE1 is at :"L" level, their
outputs  wo938487 _ - /- PCTAPYMONZIG Al €
set in a high-inpedance state. The switch neans 3a and 3b are
swi tches which are turned off when a signal SE out put fromthe

inverter 6 is at "L" level, and turned onlggen t he
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signal SEis at "H' |evel. 5 The operation of the circuit in

Fig. 8 will be ex- pl ained with reference to the waveform chart
of Fig. 9. During a perlod (a) in Fig. 9, since the signal
CEl is at "H' level, and an "H'-1|evel dr|V|ng pul se signal is

out put from ti\voowses? driver la, a current fl ows through t hePCRPI7/01276
driving coil 2 to rotate the rotor 103. During this period, bot h
the switch nmeans 3a and 3b are in the OFF state because t he ]
signal SEis at "L" level. During a periad3(b) in Fig. 9, since
the signal OCE1 is at "L" level, outputs from the notor drivers la
and b are in the high- |npedance state, and the switch neans 3a
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supply vol tage. A vol tage waveform appearing at a term nal

Y, as the 20 other termnal of the driving coil 2, during the period
(b) in Fig. 9 will be explained. When out put s
fromthe notor drivers la and | b are in t he hi gh-i npedance state,
the switch rRpgessdsy and 3b are ON, and t he vol t ageroiditre
termnal Xis set at the level of the 25 bi as vol tage Vb by the bias

resistors 3c and 3d, the voltage
14
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value at the termnal Y becones the bias voltage Vb, simlar to
the termnal X as far as the rotor 103 does not rotate and the
notor drivers la and | b have no influence. However, i medi ately
after a driving pulse signal is output during 5 the period (a) in
Fig. 9, a curwenstnsgssowi ng through the driving coi | PCT/IP7842Wpped
to generate an induced voltage as Vr in Fig. 9. Wen a driving
pul se signal is output to rotate the rotor 103, a counter ]
el ectronotive voltage Vg is gengmpat ed upon rotation of the rotor
103, as shown in 10 Fig. 9. The synthe5|zed waveform of these
gener at ed voltages appears at the termnal Y. The voltage
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15 In the waveform Aout during the period (b) in Fig. 9,

the i nduced voltage generated fromthe driving coil 2 is dom nant
i medi ately after the driving pulse signal is output. Wth the

| apse of tinme, the influence of the i nduced vol t age decreases,
whil e the couwpdeagasectronotive 20 vol tage fromthe rgitipoidise

- becones dom nant. In Fig. 9, atimng (tinme P) when the
wavef or m Aout crosses the bias voltage Vb fromthe positive
direction to t he negative dirQF i on beconmes al nost equal to a -
ti mng when the rotor 103 passeS the descri bed-above

el ectromagnetically 25 stable point. |If a driving pulse signal is

tput at thi
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-9- timng fromthe notor driver Ib on a side opposite to the

side fromwhich the previous driving pulse signal is output, t he
rotor 103 continuously rotates in the forward direction wi t hout
reversely rotating because-its pole position with 5 respect to the
flat stator Awipsasdsyeady passed the el ectro- magn&CTARA7I0276t abl e
poi nt . Fig. 10 shows another prior art in which a counter

el ectronotive voltage generated froma notor is detected by a
detection coil wound coaxially with a drivifg coil. The 10

above-descri bed stepping notor in Fig. 1 further conprises a

vol tage detection neans constituted by a detection coi
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105 wound coaxially with the driving coil 101, a differen- tia

anplifier 106a for detecting a counter electronotive vol t age
generated at the detection coil 105 upon rotation _of 15 the rotor
103, and a conparator 108 for ceomparing an output™ - signal from
the di fferengoahgespl ifier 106a with a reference POTIMOAGR276/b, and
outputting a signal Aout as the conparison result.

In Fig. 10, reference nuneral 25 denotes a driving 20 circuit
constituted by notor drivers 104a and 10fkg 41, a counter

el ectronoti ve voltage detection circuit constituted by the
detection coil 105 wound on a stator 102, the differentia

const it ed TP A7t AT B RS ek 4 25 Tand the

rotor 103. CHDEITERTYYRAVYNRL—9%BIBZLICL D, BEBH4ITHEE
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103

In this prior art, the pole position of the rotor
wWth respect to the flat stator 102 during rotation of the

"rotor 103 is detected by detecting the counter el ectronotive
vol t age generated upon rotation of the rotor 103 by using 5 t he

vol t age det ecwom3ssans t hrough the detection coil 105, PCT/IPITRIRM6 t he
- output timng of the driving pulse signal is con- trolled on the

basis of an output fromthe conparator 108.
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The notor havi
sitlarly tot
voltage fromt

2in Fig. 8. Fig. 11 shows waveforns in this prior art. In this

ng the arrangenent of this prior art can be driven

he schenme of detecting the counter 10 el ectronotive

he nmotor by using the above- descri bed driving coi

arrangenent , wo sgssqg’ne DC conpo- nent of a currenpcilyfivotsrs
iving coil 101 is renmoved in outputting the driving
pul se, a voltage waveform 15 appearing on an output fromthe
differential anmplifier is the sypf hesized waveformof Vg and Vr
art, the counter electronotive voltage is detected
on coil 105 mnund coaX|aIIy with the driving coi
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In this prior
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As described above, according to the driving schene shown in
Figs. 8 and 9, the output interval between driving pul se signals
can be mnimzed. As a result, the motor can 25 be rotated at a
speed about 3 tinmes higher than that of a normal step
driving schenwo 9738487 In this conventional synchrorRGRAPIUM2Yr i vi ng
schene, the driving pul se conditions at the start of the notor
are greatly different fromthose when the rotation speed is
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5 stabiliz
sever al ki nds of

ed a predetermned tine after the start. Therefore,
driving pul se signals to be supplied to the

driving circuit are prepared in advance. A driving pul se si gha
having a large width is supplied to the driving @ circuit at the
start of thewmynuss4s7and t he pul se width of 10 t he dripcTRgoMit®e

signal to be sup
rotation speed.
attached with

| oad |i ke

plied is decreased al ong Wth an increase in
However, in a systemwherein a notor is

a heavy load, andgarticularly with an unbal anced-

a flat weight for a vibration notor, the driving pul se

15

conditions greatly change dependlng on the posture of the

nmotor. That is,
di fferent betwee
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I's located at such a position as to start rotation against 20 t he

gravity, and a case wherein the flat weight is |ocated

position as to start rotation in accordance with the gravity.

As a result,

the width condition of the v driving ut

pul se out
fromthe dri wo@wssssTuit changes. Wien the dﬂﬂ@?ymgrﬁfiven
by the conventional driving 25 schene, it cannot snoothly start
because the pul se width at
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the start is fixed under 2 edeternined conditions. That
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when the flat weight starts rotation against the gravity, t he

pul se width may not be | ong enough to start the notor, and t he
notor may fail to rotate. When the flat weight 5 starts rotation
i n accordance with the gravity, the pul se wi dth is excessive,
resul ti ng i nwed7ise8f ease i n power consunpti on. PCT/JP97/01276 I n
the schene of driving the notor in synchronismwth t he phase
angle of the rotor, which is a feature of the 10 conventi onal
driving schene, the next driving pul se sisggal must be out put at’
the timng when the notor rotates to reac an opposite phase. |f
a pul se having an excessive width is out put, the sane driving
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In the schenme of gradually decreasing the pulse width of a

driving pulse signal within a predetermned tinme after the start
of the notor, when the |oad of the notor is heavy, or when the
driving voltage is low, the pulse width is 20 decreased before the
rotati on speewoofnssse notor sufficient- |y i ncr e EEHPITRRE 5
result, not only the acceleration performance of the notor may
be | owered, but also the energy necessary for rotation may not
be obtained to stop the notor Pp sone cases. 25 When

the pulse width of the driving pul se signal is not
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- 13 - sufficiently decreased with respect to the rotation

speed, I.e., when a driving pul se signal having an excessive

pul se width is output, the signal Aout output fromthe voltage
detection circuit 5 in Fig. 8 becones the one showmn in 5 Fig. 12.
That is, tRepommter electronotive voltage o[V TS rom
the notor shifts to the negative side with respect to the
potential Vb before the influence of the i nduced voltage
generated after outputting a driving puI§%5 si gnal di sappears. For
this reason, no next driving pulse 10 signal which is supposed to be
output at the tine Qis output. As a result, the notor stops, or

even if it does
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not stop, the rotation speed does not increase. [ Di scl osure of

I nvention] 15 It is an object of the present invention to solve
t he above problens, and attain rellable startlng characteristics
and stable rotation performance of a notor. ' To solve the
above probl enwpoansssrdi ng to the present i nvent i onPCHEPIZOLTen 1,
there is provided a notor driving 20 appar atus conprising a stepping
notor constituted by a stator with at |east two poles, a rotor
havi ng a per manent magnet withp gt |[east two poles, and a driving
coi |l magneti - cally coupled to the stator, driving pul se

gener ati on neans for outputting a driving pul se signal for

Qriving the 25—y —ERRSBHEN Ao gkic! SO ASHEmis 4R 9%
BEONNABB LN NARERE 2 3 b TRETHESONNVABENE
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from

circuit for detecting a counter electronotive voltage

current to the driving coil on the basis of the signal

the driving pul se generation neans, a voltage detection

upon rotation of the rotor, and pole position 5 =~ detection neans

detecting awwdrasggrsition of the
to the rotor on the basis of a

vol tage detection circuit,

the driving pul se generation neans

controlling an out put 28
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timng of the driving pul se signal on the basis of the 10 det ecti on

signal fromthe pole position detection neans, characterized in
that the pole position detection neans stops outputting the
driving pul se signal on the basis of the detection signal from
the voltage ewasenasssIn circuit which is detected dEBFFARPTEAZI8ut put
peri-od of the driving 15 pul se signal, and outputs a driving pul se
signal having a phase opposite to that of the driving pul se

si gnal . As claim2 in claim2l9 it is characterized in that
t he pole position is detected by detecting the counter electr-
onotive voltage generated at a detection coil coaxially 20 wound on
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pole position is detected on the basis of a result of conpari son

bet ween the counter el ectronotive voltage 25 detected by the pole
position detection nmeans and a pre-

- 15 - determ ned potenti al . As claim4 in
claim3, it wgoshssagcterized in that the pr edet er FcARPefARbRNT | Al
for detecting the pole position I ncludes a plurality of set
potentials. 5 As claim5 in claim1, it is characterized in

t hat the 30
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vol tage detection circuit is constituted by bias neans for

bi asing a potential level at one termnal of the driving coil to
an internedi ate potential of a power supply voltage, and a

vol tage detection circuit for detecting a counter 10 el ectronotive
vol t age generwoadiasds7t he ot her termnal of the dr i RCFIPITNIAIS t he
driving pul se generation nmeans outputs a driving pul se signal
constituted by an intermttent pul se group having a plurality of
i dl e periods, and the pole posi Bi pn detection neans stops the
driving pul se signal on 15 the basis of a result of conparison

bet ween the detection signal fromthe voltage detection circuit
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20 As claim6 in claimb5, it is characterized in that the

pole position is detected on the basis of crossing of the

counter electronotive voltage detected by the pole p05|t|on

detection neans over a predeternined potential. As claim?7
in claim®6, woosssharacterized in that the 25 pr edepef §BoRb37e
potential for detecting the pole position
-16- includes a plurality of set potentials.
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As claim8 in claim5, it is characterized in that the driving

pul se signal constituted by the intermttent pulse group is
constituted by a plurality_of pulse groups having. - 5 di fferent pul se
wi dt hs. As claim9 in claim8, it"is characterized in that

t he wols38k97g pul se signal constituted by the inter RETIRNIOIYG | se
group is constituted by a first pulse having a | arge pul se

wi dt h, and a second pul se group having a pulse width snmaller 10 t han
that of the first pulse. Asaclaim10 in claim9, it is
characterized in that the pul se wdth of the first pul se changes
I n accordance with a rotati on speed of the rotor.
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t he out put nunber of driving pul ses upon start of the rotor.

As claim12 in claim9, it is characterized in that the pul se
wi dt h of the second pul se changes in accordance wth a rotation
speed of the rotor. 20 As claim13 in claim9, it is

char act eri zaglobyzgagat t he pul se wi dth of the secmcTiPpLéIZES
changes in accordance with t he out put nunmber of driving pul ses
upon start of the rotor. As claim14 in claim10, it is
characterized in that the firgly pul se changes to decrease the -
pul se width along 25 with an increase in rotation speed of the

rot or.
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- 17 - As claim15 in claim1l, it is characterized in

t hat the first pul se changes to decrease the pulse width al ong
with an increase in nunber of output driving pulses upon the
start of the rotor. 5 As claim16 in claim12, it is
char act er i zecwo n7/sdast t he second pul se changes t o RBGIPOTRIRT6 he
pul se wi dth al ong ' wWith an increase in rotation speed of the
rotor. As claim17 in claim13, it is characterized in that
the second pul se changes to decrease thel f@fse width along 10 with’
an increase in nunber of output driving pul ses upon the start of
the rotor. As claim bn glaimb5, it is characterized in
that the | é ]
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idle period widths of the plurality of idle periods of the

driving pul se signal constituted by the intermttent pulse 15 group
change in accordance with a rotation speed of the rotor.

As claim19 in claim5, it is characterized in that the idle
period w dt hs WO9I848| urality of idle periods of the PCT/IPS 1013969

pul se signal constituted by the intermttent pulse 20 group change
in accordance with the nunber of output pulses upon start of the
rotor. As claim20 in cla@m3B, it is characterized in that-
the idle period w dths change to decrease the w dths al ong W th
an increase in rotation speed of the rotor. 25 As claim?21 in

claim19, it is characterized in that

FIG. 4
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- 18 - the idle period w dths change to decrease the w dths

al ong with an increase in nunber of output driving pul ses upon

t he start of the.raotor. As claim22 in claim1, it
is characterized in that the 5 nmot or driving apparatus conprises a
timer circui wo9nB4s7 : measuring a predetern ned ti nePETIRYT01276
driving pul se generation neans outputs a starting pul se, and then
gener at - ing a timer signal, and when no detection signal is
gener at - 3/31

FIG. 6




ed by the pole position detection neans the predetermned 10 tinme
after output of the starting pulse is started, the driving pul se
generation means stops outputting the starting : pul se in
accordance with a timer signal output fromthe timer circuit, and
out puts a driwoemssesd se si gnal having a phase opp®EXIBO¥Y2ZI6hat of
the starting pulse. 15 As claim 23, there is provided a notor
driving appar a- tus conprising a stepping notor constituted by a
stator with at |l east two pol es¢/@8Irotor having a pernmanent magnet
W th at least two poles, and a driving coil magnetically coupled
to the stator, driving pul se generation neans for outputting 20 a
driving pul se signal for driving the stepping notor, a driving
circuit for supplying a driving current to the driving coil on
the basis of the signal fromthe drivi£g
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pul se generation neans, a voltage detection circuit for

detecting a counter electronotive voltage generated upon 25 rotation
of the rotor, and pole position detection nmeans for ,

- 19 - detecting a pole position of the rotating rotor with
respect WO 9738487t he rotor on the basis of a detection sPQIVR7@RRTIEr at ed
by the voltage detection circuit, the driving pulse generation
means controlling an output timng of the driving pulse 5 signal on

the basis of the detection signal fromt®e/8dle
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posi tion detection nmeans, characterized in that the notor driving

apparatus further conprises a tiner circuit for . generating a
timer signal a predetermned tinme after the driving pul se
generation nmeans outputs the driving pulse 10 signal, and when no
detection si gnabssasyenerated by the pol e positi orPCIAPEURIZTN
means the predetermned time after out put of the driving pul se
signal is started, the driving ul se generation neans sets a
pul se width of a driving pul se 3hal to be output next to
smal l er than that of the 15 previously output driving pul se signal.
As claim24 in claim?23, it is characterized in that, when no
detection signal is generated fromthe pole position det ection
means the predetermned tinme after output of the - drivi¥g pul se
signal is started, the driving pul se genera- B
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20 tion nmeans outputs a conpensation pul se signal having a

polarity opposite to that of the driving pul se signal. As
claim25 in claim24, it is characterized in that t he
conpensati on pul se signal has a pulse width snmaller than t hat of
the driving pWaY/2as48gnal . 25 As claim 26 in clai BCLIRS02ES it
I's characterized by - 20 -

further conprising danpi ng pul se generat iTor}snleans for
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outputting a danping pulse signal in order to stop rotating t he

st eppi ng notor, the danpi ng pul se generation neans controlling an
output timng of the danping pulse signal on 5  the basis of the
detection signal fromthe pole position ~ detection neans.

As claim 27 IWO@V3848 26, it is characterized in that PCT/RAYO G Hhpi ng
pul se signal is output in a direction in which the stator is
excited to a polarity opposite to a nagngé} 10 pole of the rotor. _
As claim28 in claim?26, it is characteri in that t he danpi ng
pul se signal is output with a pulse width |arger than that of the
driving pul se signal for driving the stepping notor. 15
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[Brief Description of Draw ngs] Fig. 1 is a circuit diagram

of the driving portion of a conventional notor driving apparatus,
Fig. 2 is a plan _ .view showing the statically stable point of a
bi pol ar 20 stepping nmotor in Fig. 1, Fig. 3is a plan view show ng
t he wo eB48nagnet i cal |y stabl e point of the bipol aPCEIR301276)
nmotor in Fig. 1, Fig. 4 is a plan view show ng the pole position
during rotation of the bipolar stepping nptor in Fig. 1, Fig. 5
is a plan view showing the rotation direc®? 25 of the bipol ar ’
stepping notor in Fig. 1, Fig. 6 is a plan
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- 21 - view showi ng the rotation direction of the bipolar

st eppi ng notor in Fig. 1, Fig. 7 is a plan view show ng the
rotation direction of the bipolar stepping notor in Fig. 1, Fig.
8 is a circuit diagramof a driving circuit in a nmotor driving 5
apparatus of WORM#B7art, Fig. 9 is a waveform chart show ngPCI/AP97401276 t he
operation of the driving circuit in Fig. 8 Fig. 10 is a circuit
diagramof a driving circuit in a notor driving appar at us of

anot her prior art, Fig. 11 is a wavef or FERAr t show ng the
operation of the driving circuit in Fig. 10, 10 Fig. 12 is a
waveform chart show ng the operation of the driving circuit in
Fig. 8 Fig. 13 is a block diagram showi ng the first enbodi nent

of a driving systemin a notor
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driving apparatus of the present invention, Fig. 14 is a wavef or m
chart showi ng the operation of the driving system 15 in Fig. 13,
Fig. 15 is a waveformchart showi ng the states of respective
portions of the circuit when the notor fails to rotate by the

~ first pul se, Wopm3d87is a wavef orm chart showi ng t RET/ERIAPIB6 of
the respective portions of the circuit when the notor fails to
rotate by the first pulse, Fig. 17 20 is a circuit diagramwhen a
hysteresis conparator is applied /316 the driving circuit in Fig.
10, Fig. 18 is a block di agram show ng the second enbodi nent of
the driving system in the notor driving apparatus of the present
i nvention, Fig. 19 is a waveform chart showi ng the operation of
the 25 driving systemin Fig. 18, Fig. 20 is a waveform chart

FIG.IS




- 22 - showi ng the operation of the driving systemin Fig. 18,
Fig. 21 is a circuit diagramwhen a hysteresis conparator is

applied to the driving circuit in Fig. 8 Fig. 22 is a block

di agram showi ng the third enbodi nent of the driving system 5 in the
mot or drivi ngvppHIsass of the present invention, PCIIPYIHIZIE o
waveform chart show ng the operation of the driving systemin
Fig. 22, Fig. 24 is a block diagram showi ng anot her arrangenent
of the third enbodi ment shown in 12/3ig. 22, Fig. 25 is a waveform
chart show ng the operation

FIG. 16




10 of the driving systemin Fig. 24, Fig. 26 is a block diagram
showi ng the fourth enbodi nent of the driving systemin the not or
driving apparatus of the present invention, Fig. 27 is a waveform
chart showi ng the operation of the driving system: in Fig. 26,

Fig. 28 is a WO chart showi ng the opera- 15 t i onPCE/IHONe1276
driving systemin Fig. 26, Fig. 29 is a block di agram showi ng t he
fifth enbodi ment of the driving system in the notor driving
apparatus of the present invention, 3/31 Fig. 30 is a waveform chart
show ng the operation of the driving systemin Fig. 29, Fig. 31
is a block diagram 20 showi ng the sixth enbodi nent of the driving
systemin the not or driving apparatus of the present invention
Fig. 32is a bl ock di agram show ng the arrangenment of the seventh
enbodi nent of the driving systemin the notor driving
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apparatus of the present invention, Fig. 33 is a waveform 25 chart
showing the operation of the driving system in

- 23 - Fig. 32, Fig. 34 is a block diagram showi ng the eighth
enbodi nent of the driving systemin the notor driving appar at us
of the presenwosmsesszi on, and Fig. 35 is a wavef or peripe7iorzypowi ng
the operation of the driving system 5 in Fig. 34.
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[ Best Mbde of Carrying Qut the Invention] The first

enbodi nent of the present invention wll be descri bed below with
reference to the acconpanyi ng drawi ngs. 10. Fig. 13 is a block
di agram showi ng the first enbodi nent of a driving systemin a

nmot or dri vi ng ‘gﬁﬁmﬁs of the present invention, ®CIIPYHORKS isS
a waveform chart show ng the operation of the driving systemin
Fig. 13. In Fig. 13, reference nuneral 21 denotes an
oscillation 15 circuit for oscil”§Vﬁ£b a reference frequency signal -
OSG; 22, a frequency division circuit for outputting a signal
Fdi v obtained by dividing the reference frequency OSC, 23, a
wavef orm shaping circuit for shaping a signal OE serving as a

base signal for a driving pulse signal for driving a
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20 notor 42; 24, a driving control circuit for outputting a

signal Ain or Qin as the driving pul se signal on the basis of
signals OE and Fd; 25, a driving circuit for outputting a signa
drvl or drv2 for driving the notor 42 on the basis of the

signals Ain WNOOMB48Y, 26a, a positive-edge det ection 25 PCTIIRYTOR2ZT6t | Or
outputting a positive-edge detection signal

- 24 - when a signal Aout q%#gcted by a counter electronDtlve
vol tage detection circuit 41 crosses a Fence pot enti al
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Vb in the positive direction (fromthe negative direction to t he

positive direction); 26b, a negative-edge detection 5 circuit for
outputting a negative-edge detection signal NE when t he signal
Aout detected by the counter el ectronotive vol t age detection
circuit 41 croweewsus® reference potential Vb i n t ey
direction (fromthe positive direction to the negative
direction); 31, an ORcircuit for outputtinq an 10 OR between the
positive- and negative-edge detection sil§hdls PE and NE; and 28, -
atimer circuit for measuring a prede- termned tine after the
rise of the driving pul se signal. Ref erence nuneral 27 denotes a
pul se control circuit, which out put s t he signgg Fd for
controlling the 15 oper ati on/ non-operation of the i vling contr ol
circuit 24, and a signal Ptrg for controlling the Sutput tim ng
of the r 1"
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signal OE output fromthe waveform shaping circuit 23. The

driving circuit 25, the counter el ectronotive voltage det ection
circuit 41, and the notor 42 have the arrangenents 20 in Fig. 10
described in the prior art.” Reference nuneral 40 - denotes a pol e
position deteowborssesr cuit constituted by the POSiHOTIPITILS
detection circuit 26a, the negative-edge detection circuit 26b,
the OR circuit 31, and the counter el ectronoti ve voltage
detection circuit 41. 25 TWJQ&%Fation\MII be descri bed bel ow-
with reference to - 25 -
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Fig. 14. When this circuit systemof the notor driving

appar at us IS inoperative, i.e., when the rotor 103 shown in Fig.
10 does not rotate, the signal Fd output fromthe pul se contro

5 circuit 27 is at "H' level. In this state,..since both the

outputs Ain aW@IY84®7fromthe driving control circuit 24 to pcr/iypemw12I6 t he
driving circuit 25 are at "L" level, both outputs from t he notor
drivers 104a and 104b are at "L" |evel. In rotating the
rotor 103, when a starting signal SS is IS¢ externally input to the
pul se control circuit 27, the signal Fd output fromthe pul se
control circuit 27 changes to "L" | evel . Upon reception of the

signal SS, the timer circuit

FI1G.23




28 starts a tiner operation. Wien the signal Fd changes to "L

| evel , and the signal OE changes to "H', the driving 15 control
circuit 24 outputs an "H' signal din for an "L"-1evel signal
OE, or outputs an "H' signal Q2in for an "H'-level signal CE. In
Fig. 14, the WQAH84El in is at "H' because the si qealypedbi276
I mredi ately after the signal SSis output is at "L". 20
The operations of the positive- and ngg/at | ve- edge detection
circuits 26a and 26b will be descri bed. Jhe positive-edge
detection circuit 26a becones active when the signal CEis at "H'
| evel , and outputs the positiuve_edge detection signal PE when the
signal Aout crosses the gjag 125 voltage Vb in the positive
direction.  The negativeredgd preTmmmesmeesmesesmeeseoooeeeeoo '
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- 26 - detection circuit 26b becones active when the signal CE

S at "L" level, and outputs the negative-edge detection signa
NE when the signal Aout crosses the bias voltage Vb in the

negative direction while the signal CEis at "L" level. 5

During a peri swbe7B8487 Fig. 14, the negative-edge BETARYTIOLYT6
circuit 26b is operative because the signal CE is at "L". If the
output signal Ain fromthe driving contfro circuit 24 is kept at

"H', the signal Aout as a signal from 21731 the driving circuit 25 has
a waveformduring the period t1l
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10 in Fig. 14, During the period t1l, when the signal

Aout crosses the potential of the bias voltage Vb fromthe
positive direction to the negative direction, the negative-edge
detection circuit 26b outputs the negative-edge detection signal
NE. 15 WO MBs&Icept i on of the negative-edge detecti on FCFIRS/0LE6
through the OR circuit 31, the pulse control circuit 27 out put s
the signal Ptrg. Wen the tiner ci rcuithﬁé imlar- ly receives
t he negative-edge detection signal NE t h the OR circuit 31, °
It resets its tinmer operation and stops. 20 The wavef orm
shaping circuit 23 changps|tie signal OCE to "H' level during a
period t2 in Fig. 14 Qn-pywclronism -e—mmme-MLLD the rise _of_the signal
Ptrg. The driving contfol citcuit 24 changes the signal Q2in
to "H' level while the | ¥ : o ;
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signal CEis at "H'. 25 During the period t2 in Fig. 14, the

posi tive-edge - 27 -
detection circuit 26a receives the signal Aout, and outputs t he
positive-edge detection signal PE when the |evel of the si gnal
Aout crosses tWe9TIM87 voltage Vb fromthe negative ROT/IPOTO12T6 t O
the positive direction. Upon reception of the 5 positive-edge

detection signal PE through the OR ci rcu'ééls%‘l,
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the pulse control circuit 27 outputs the signal Ptrg. The sane

operation is repeatedly executed to continuously rotate the rotor
103. To stop rotating the rotor 103, a stop signal ESis 10
externally input to the pulse control circuit 27. Wen the pul se
control circuwp93848%cei ves the positive- or negative- PCTAPOUI
detection signal PE or NEimedi ately upon reception of the stop
signal ES, it outputs the last Ptrg. %épsihe exanpl e of Fig.

14, the pulse control circuit 27 receiV 5 t he negative-edge
detection signal NE, and outputs the - signal Ptrg.

During a period t4 in Fig. 14, an "H'-level signal Q2in IS
output to nake the positive-edge detection circuit 26a active,

and the positive-edge detection signal PE is output

FI1G. 28
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20 at a timng when the signal Aout crosses the bias voltage Vb
fromthe negative direction to the positive direction.

pul se control circuit 27 receives the positive-edge
signal PE upon reception of the stop signal ES, it

signal Fd to "WO9Q848%, and fixes outputs from 25

104a and 104b to "L" level, conpleting the

When

t he

det ecti on
changes the
t he wotmwo2ve/er s

- 28 - operation of the circuit. The
above-described first enbodi ment assune®d/@t the
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rotor 103 is adjusted to a rotation pol e position by the first

pul se at the start of outputting an "H'-level signal 5 adin. In
practical use, however, the phase of the driving pul se signa

does not al ways coincide with the pole position of the rotor 103.
Particul arly whesrseg7oad having a | arge i nertia suegTABY1276
vibration alarmis attached, the notor may be kept inertially
rotated even after the rotation of the 10 notor is stopped. In such
a case, the final pole position 26/8% indefinite. The
above situation is taken into consideration, and how t he system
of the present invention operates when the notor fails to rotate
by the first pulse will be described 15 with reference to Figs. 13
and 15. Fig. 15 is a waveformchart show ng the states of

t he :

F1G.30

Psel |

Ptrg L1 L1
ctrg L :‘!l I
FF-Q Tp [ -
Tup’ 1 1 1 LI
OE | — LT Uurur
olin — LI 111 [~

02in I L] L.l |__

Aout -..-.k_'fi.ﬁlr-.’. N -__




respective portions of the circuit when the notor fails to

rotate by the first pul se. When the notor fails to rotate by
the first pulse, the 20 signal Aout output fromthe driving circuit
25 is in a state shown in Fig. 15 or 16. That is, since the
nmot or does NoWwo 97/38487 rotate, a counter electronotive vOoPCEIRITNI276
gener ated upon normal rotation of the notor is rarely generated.
As a result, the signal Aout dggends on only a vol tage i nduced
at 25 a detection coil upon outpg?% hg a driving pulse signal. In ~
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this case, when the influence of the induced voltage di sappears,

the potential difference across the two term - nal s of the
differential anplifier 106a shown in Fig. 10 shoul d becone
basically 0. In practice, however, a certain 5 potential difference
i s generated,woomsdast the potential of the signal APITARI276
slightly higher or |ower than the bias vol t age Vb.
When the potential of the signal Aout after the i nfl uence of the,
i nduced vol tage di sappears is higher t (3110 Vb, the signal Aout
does not cross the level Vb fromthe positive in the negative
direction even if the dr] vinp pul se signal is continuously
output. For this reason.] =@ kignal R Pirg._serving_as.the_ qutput
timng of the next d?ivinglp | se : H
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signal is generated. In this system when t he signal SSis 15 i nput,

a starting driving pulse signal is output, and the timer
operation of the tinmer circuit 28 is perforned. Wien no positive- or
negati ve- edge detection signal is output fromthe pole position
det ection circWMQ97B8482ven after a predet erm ned ti npct/AmEsroizie Fi -
15), the timer circuit 28 20 out puts a pseudo detection signal Tup,
and stops its tinmer - operation. Upon reception of the signal Tup,
t he pul se control circuit 27 ®¥@ts the signal Ptrg. -
Accordi ngly, an "H'-level signal Q2in is immed ately output,

i.e., the next pul se signal having a polarity opposite to that of
the first 25 driving pul se signal is output, thereby rotating the

r ot or
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- 30 - 103. The subsequent operation is performed under the

samne control as that in the above-described case wherein the
notor is rotated by the first pul se. When the potential of
the signal Aout after the 5 i nfluence of the induced voltage is
| ower than Vbwd9788487 wavef orm of the signal Aout croBCHEPYMEIAT6 oM
the positive direction to the negative direction imedi ately
after the i nfluence of the induced voltage di sappears, so that
t he negati ve- edge detection cPR€Alt 26b i mediately outputs the
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10 si gnal NE. Upon reception of the signal NE, the tiner

circuit 28 stops its tiner operation. The pul se control circuit
27 outputs the signal Ptrg. The subsequent opera- tion is
perfornmed under the same control as that in the above-descri bed
case wherein tWo9mwssd8® is rotated by the 15 first pul SCTiIPIT01276

In the above-described system 180[err]-rotation of the not or can
be recogni zed by detecting the counter electro- notive vol t age
generated fromthe notor during output 31/3l driving pul se signal .-
If the next pulse is output at this 20 timng, the notor can be
certainly driven with a high efficiency without reducing its
rotation power. According to the first enbodi ment, since no
driving pul se signal idle period for detecting the pole position
i's
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required, unlike in the prior art, the interval between the 25
driving pul se signal and the next driving pul se signal can

- 3L.- be elimnated to stably drive the notor at a high
speed. In addition, the notor can be reliably started regardl ess
of ™ the pole position of the rotor_ 103 at the start.

In B g. 10, the voltage detection means constituted by 5 t he

conparator 108 for conparing an output signal fromthe
differential anplifier 106a with the reference voltage Vb,

SPECIFICATION

MOTOR DRIVING APPARATUS

5 [Technical Field]
The present invention relates to a motor driving

apparatus for enabling high~speed rotation under phase

detection control.

10 [Background Axt]

To rotate a motor at a high speed with a large torgque
is one of the most important factors in terms of an improve-
ment in basic performance of the motor, and has been studied
and developed for many years. For example, an electronic

15 timepiece as one of products using motors has been advanced
to have many functions in recent years. Timepieces having
various functions such as stopwatch function, an alarm
function, and a dual time function, in addition to normal
time display have been developed and commercially available.

20 These multifunctional timepieces always perform the fast
forwarding operation of pointing hands when the system is
initialized in an initial state, e.g., in loading the
battery, or when the mode is sﬁifted or the hand position is
zeroed in normal use. For this reason, high-speed rotation

25 of the motor is very important in terms of an improvement in



and outputting a signal as the conparison result is added.

Al ternatively, as shown in Fig. 17, a hysteresis conparator may
be censtituted by connecting a circuit 107 constituted 10 by a
differential anplifier 107a, a feedback resistor 107b, and an

I nput resistor 107c.to a circuit 106 constituted by a
differential anplifier 106a, a feedback resi ST of 7106b, and an

i nput resistor 106c, and a hysteresis may be arranged at t he-

reference potential for checking crossing of the counter 15
el ectronotive voltage in order to detect the pole position.

I f the hysteresi spaEpnaityy, igndrteadeitkén this manner ‘to del ay
the timng for detecting whether the counter el ectronotive

vol tage crosses the ref enafge-fRorefld ahotdr is indisp@idabLéi QhsmUSEdEDyt
t he i nfluence of an external magnetic 20 field or the Iike can be

prevented. Furtkevightveiswett®#ched to a motor to use a timepiece as a

10

15

20

25

vibration alarm for informing the time using vibrations
generated upon rotation of the motor, or when a disk is
attached instead of a pointing hand to a timepiece motor to
perform display other than display of the time.

When the motor is rotated at a high speed, even if
output of a driving pulse is stopped, the motor may not
immediately stop due to the inertia of the motor or parts
(e.g., a reduction ring train and a pointing hand in the
timepiece) connected to the motor. WNormally, to obtain a
predetermined number of rotation, a corresponding number of
pulses are output. In this case, however, the number of
output pulses is not equal to the number of rotation of the
motor.

In, e.g., a timepiece pointing hand, this is a fatal
defect and leads to a time display error and the like. In
addition, the magnetic pole generatéd at the stator by a
driving pulse output in driving the motor next may shift
from the pole position of the iotor depending on the pole
position of the rotor upon stopping thé motor, and the motor
may not normally rotate. Therefore, in a system for driving
the motor at a high speed, and accurately controlling the

rotation speed of the motor to a desired value, it is



physi cal shock or the like is applied to the notor, the nmot or
can rotate very stably. A case wherein the present
invention is applied to a not or driving apparatus constituted
such that a driving coil 25 is al so used as a detection coil for
detecting the pole _a - 32 -
posi-tion to detect the counter electronotive f%on1the not or w | |

be descri bed as the second enbodi nent with reference to

10

15

20

25

important that the motor must be stopped at a predetermined
position.

A conventional motor driving apparatus will. be de-
scribed below by exemplifying the stepping motor of an
electronic timepiece.

Fig. 1 is a view of the arrangement of a motor drivin§
apparatus constituted by a conventional bipolar stepping
motor, and Figs. 2 to 7 are plan views, respectively,
showing the positional relationship between the magnetic
poles of a stator and a rotor. As a means for con&erting an
electrical signal into a mechanical rotating motion, the
bipolar stepping motor is constituted by a driving”éoil 101,
a flat stator 102, and a rotor 103, as shown in Fig. 1. The
flat stator 102 has a step 102a, as shown in Fig. 2.

Motor drivers 104a and 104b are arranged to cause a
current to flow through the driving coil 101 by changing the
potential across the two terminals of the driving coil 101,
thereby exciting the flat stator 102. In the bipolar motor
shown in Fig. 1, when no current flows through the driving
coil 101, the pole position of the rotor 103 with respect to
the flat stator 102 is at a statically stable point 110
shown in Fig. 2; when a current flows through the driving
coil 101 to excite the flat stator 102, it is at an electro-
magnetically stable point 111 shown in Fig. 3.

Normally, in the electronic timepiece, a driving pulse



t he acconpanyi ng draw ngs. Fig. 18 is a block diagram
showi ng the second enbodi- 5 ment in which the above-descri bed
systemin Fig. 13 is slightly inproved to enable detection

of the counter el ectronotive voltage fromthe notor even during
out put of the driving pulse signal., Figs. 19 and 20 are

wav-ef or m charts showi ng the operation in Fig. 18. Fig. 20 shows
10 waveforms enlarged along the timng axis, conpared to

Fig. 109. In Fig. 18, reference nuneral 32 denotes a tiner
circuit B for neasuring a predetermined tinme after the signal CEl
changes to "L" sighdl0WEcpuidHdiging | €@l pdugntiEnactbss the RwPOBeimiBalsr
negati ve- edge detection signal PE or NE is received within this
predet erm ned bifMehe4@rigrihyl ofilop01l is output from the motor driver 104a

or 104b for 4 to 5 mS to cause a pulse current to flow
through the driving coil 101, thereby rotating the rotor
5 103. When the rotor 103 rotates during the supply of the
current to the drivihg coil 101, and comes to nearly a pole

position shown in Fig. 4 with respect to the flat stator

102, the current flowing through the driving coil 101 stops.

The rotor 103 rotates to a position in Fig. 5 due to the

10 inertia, is subjected to damped wvibration about the stati-
cally stable point 110, and finally stops.

After the rotor 103 becomes still, a driving pulse

signal is output from, e;g., the motor driver 104a to cause

a current to flow through the driving coil 101, thereby

15 exciting the flat stator 102, as shown in Fig. 6. In this

case, the rotor 103 rotates through 180° in a rotation

direction A shown in Fig. 6. Further, after the rotor 103

becomes still, /a driving pulse signal is output from the

motor driver 104b on a side opposite to the side from which

20 the previous driving pulse signal is output. Then, the

rotor 103 rotates another 180° in the direction A in Fig. 6.

If the rotor 103 is rotated by causing a current to flow

through- the driving coil 101 after the rotor 103 becomes

still, it reliably rotates in the direction A shown in

25 Fig. 6.



circuit for inverting an output signal Qeach tine it receives

the signal Tup'; and 40', a pole position detection circuit
constituted by a positive-edge detection circuit 20 26a, a
negati ve- edge detection circuit 26b, an OR circuit 31, and a
counter electronotive voltage detection circujt 41' . A waveform
shaping circuit 23 intermttently controls ~ 5 - the driving pul se
signal, and outputs the signal OEl as a signal for controlling
the pole position detection circuit 25 40" and the timer circuit B

32 each tinme the circuit 23 -
33 - When the stepping motor is to be rotated at a high

speed, the rotor 103 must be rotated at a high speed, as

matter of course. At this time, the output interval between

driving pulse signals output from the motor drivers 104a and
5 104b must be shortened.

If the output interval between driving pulse signals is
shortened in order to rotate the rotor 103 at a higher
speed, the next driving pulse signal must be output before
damped vibration of the rotor 103 immediately after its

10 rotation stop.

If the next driving pulse signal is output when the
rotor 103 is at a position in Fig. 7 during damped vibra-
tion, i.e., the rotor 103 and the electromagnetically stable
point 111 have a positional relationship shown in Fig. 7,

15 the rotor 103 undesirably rotates in a direction opposite to
the direction A shown in Fig. 6, i.e., opposite to the
normal direction. Therefore, to stably rotate the rotor
103, the output interval between driving pulse signals must
be' set to a time or more required to stabilize damped

20 vibratioh of the rotor 103 upon rotation within a range not
to exceed the electromagnetically stable point 111.

Even the minimum total time of the pulse width of the
driving pulse signal and the damped-vibration stabilization
time of, i.e., the minimum output period of the driving

25 pulse signal is around 10 mS. This indicates that the



receives the signal Ptrg output froma pulse control circuit 27.

A driving control circuit 24 is constituted to switch and out put
the.signals Ain and Qin on the basis of the out put signal Q
fromthe flip-flop circuit 46. Adriving 5 circuit 25, the counter
el ectronotive vol tage detection cirguit 41', and a notor 42' have
t he: sanme arrangenents as those in Fig. 8 described in the prior
art. The remaining constituent elenents are the same as those in
Fig. 13, and a description thereof will be omtted. 10

In rotating the rotor 103 shown in Fig. 8, when the starting
signal SS is exudmwl |§reqyuency oof htheufisdvipgt pylse signal isrtipiteq to
the pulse control circuit 27 outputs the signal Ptrg to change

the signal OElahoutH1QQ He perithe t¢urrent driving scheme.

This problem, however, has been solved by the scheme
disclosed in Japanese Patent Application No. 6-304440 filed

5 by the present applicant.

Fig. 8 is a circuit diagram showing an exampie of a
driving circuit in a conventional motor driving apparatus,
and Fig. 9 is a waveform chart showing the operation of the
driving circuit in Fig. 8.

10 In Fig. 8, reference numeral 25' denotes ‘a driving
circuit, which is constituted by motor drivers la and 1b.
Reference numeral 2 denotes a driving coil; and 41', a
counter electromotive voltage detection circuit, which has
a bias means 3 and a voltage detection circuit 5. The bias

15 means 3 is constituted by switch means 3a and Sb, and pias
resistors 3c and 3d having the same resistance wvalue.
Reference numeral 4 denotes a flat stator. The wvoltage
detection circuit 5 is constituted by an inverter ba, a
feedback resistor 5b, and an input resistor 5c. .Reference

20 numeral 6 denotes an inverter; 103, a rotor; and 42', a
motor constituted by the driving coil 2, the flat stator 4,
and the rotor 103.

When a éignal OEl is at "H" level, the motor drivers la
and 1b buffer-output input signals 0Olin and 02in, respec-

25 tively; when the signal OEl is at "L" level, their outputs



shown in Fig. 19. The signal OEl is output to the signal 15 din

when the output signal Qfromthe flip-flop circuit 46 is at "P"

| evet, or to the signal Q2in when the output _ - signal Qis at "H

| evel . In Fig. 19, since the out put signal Qinmediately after
the signal SS is output is at "L",_ tshe.signal CEl is out put to
the=signal Adin. In 20 Fig. 19, since the signal Qis at "L"
during a period t2 after the period tb when the signal CEl is

out put, and the signal OEl is at "L", the positive-edge detection
circuit 26a becones acti ve. During a period tl in

Fig. 19, while e8Fe segndin echigh-ipedance sitatd. (The dwiticly medse 3agaad
for the signal din is
3b are switches which are turned off when a signal SE output
from the inverter 6 is at "L" level, and turned on when the
signal SE is at "H" level.
5 The operation of the circuit in Fig. 8 wiil be ex-
plained with reference to the waveform chart of Fig. 9.
During a period (a) in Fig. 9, since the signal OEl is
at "H" level, and an "H"-level driving pulse signal is
output from the motor driver la, a current flows through the
10 driving coil 2 to rotate the rotor 103. During this period,
both the switch means 3a and 3b are in the OFF state because
the signal SE is at "L" level. During a period (b) in
Fig. 9, since the signal OEl is at "L" level, outputs from
the motor drivers la and 1b are in the high-impedance state,
15 and the switch means 3a and 3b are turned on. The voltage
at a terminal X as one terminal of the driving coil 2 is
inided into a bias voltage Vb as a voltage 1/2 the power
supply voltage.
A voltage waveform appearing at a terminal Y, as fhe
20 other terminal of the driving coil 2, during the period (b)
in Fig. 9 will be explained.
When outputs from the motor drivers la andllb are in
the high-impedance state, the switch means 3a and 3b are ON,
and the voltage at the terminal X is set at the level of the

25 bias voltage Vb by the bias resistors 3c and 3d, the voltage



- 34 -
t he

output. Wiile the signal OEl is at "L", outputs from
notor drivers la and | b are set to a high-inpedance state,

and_a bias nmeans 3 is operated to detect the counter electr-

onotive voltage fromthe notor. 5 The waveform of the signa
Aout during the period tl in Fig. 19 will be explained with
ref.erence to the enl arged chart of Fig. 20. : When
the driving pul se signal having the waveform of the signal din
I's output, the waveform of Aout during the

10

15

20

25

value at the terminal Y becomes the bias voltage Vb, similar
to the terminal X, as far as the rotor 103 does not rotate
and the motor drivers la and 1lb have no influence. However,
immediately after a driving pulse signal ‘is output during
the period (a) in Fig. 9, a current f£flowing through the
driving coil 2 is stopped to generate an induced voltage as
Vr in Fig. 9. When a dfiving pulse signal is output to
rotate the rotor 103, a counter electromotive volfage Vg is
generated upon rotation of the rotor 103, as shown in
Fig. 9. The synthesized waveform of +these generated
voltages appears at the terminal Y. The voltage waveform
appearing at fhe terminal Y is amplified by the wvoltage
detection circuit 5 to have a waveform indicated by Aout in
Fig. 9.

In the waveform Aout during the period (b) in Fig. 9,
the induced voltage generated from the driving -coil 2 is
dominant immediately after the driving pulse signal is
output. With the lapse of time, the influence of the
induced voltage decreases, while the counter electromotive
voltage from the rotor 103 becomes dominant.

In Fig. 9, a timing (time P) when the waveform Aout
crosses the bias voltage Vb from the positive direction to
the negative direction becomes almost equal to a timing when
the rotor 103 passes the described-above electromagnetically

stable point. If a driving pulse signal is output at this



10 period tl is the synthesized waveform of the induced voltage

Vr generated at a driving coil 2 and the counter el ectro- notive
vol t.age Vg generated upon rotation of the notor. During the
period t2 in Fig. 20, the induced voltage VWr is domi nant

I medi ately after the signal Adin changes toglL”. 15 As the

I nf+uence of the induced voltage Vr disappears with the | apse of
time, the counter electronotive voltage Vg is observed. During
the period t2 when the potential |evel of t he counter

el ectronotive voltage Vg is higher than Vb, i.e., when the rotor

103 has not corfiming yErom gthkel EQFQUgﬂrLM@r 1b ongg[ sifdp, apmesiheefte nthe
the signal Aout inevitably crosses the potential Vb fromthe
negative in th&igesfropewhiichcthenprevious drjgipgepruhee ﬁigu@hcéswumét
I nduced vol tage Vr di sappears (at tinme Pl in Flg

the rotor 103 continuously rotates in the orward direction

without reversely rotating because its pole position with
5 respect to the flat stator 4 has already passed the electro-
magnetically stable point.
Fig. 10 shows another prior art in which a counter
electromotive voltage generated from a motor is detected by
a detection coil wound coaxially with a driving coil. The
10 above-described stepping motor in Fig. 1 further comprises
a voltage detection means constituted by a deteétion coil
105 wound coaxially with the driving coil 101, a differen—
tial amplifier 106a for detecting a counter electromotive
voltage generated at the detection coil 105 upon rotation of
15 the rotor 103, and a comparator 108 for comparing an output
signal from the differential amplifier 106a with a reference
voltage Vb, and outputting a signal Aout as the comparison
result.
In Fig. 10, reference numeral 25 denotes -a driving
20 circuit constituted by motor drivers 104a and 104b; 41, a
counter electromotive voltage detection circuit constituted
by the detection coil 105 wound on a stator 102, the
differential amplifier 106a, and the comparator 108; and 42,
a motor constituted by the driving coil 101, the stator 102,

25 and the rotor 103.



Wien the signal CEl changes to "L", the tinmer circuit 25 B 32 starts
‘a timer operation. Since the output signal Q

- 35 - fromthe flip-flop circuit 46 is at "L", the
positive-edge detection circuit 26a becones operative while the
signal CEl is at "L". Wien it is gkserved that the waveform of
t he- signal Aout crosses Vb fromthe negative direction to the 5
positive direction at the time P1 during the period t2 in Fig.

20, the positive-edge detection circuit 26a outputs the

In this prior art, the pole position of the rotor 103
with respect to the flat stator 102 during rotation of the
rotor 103 is detected by detecting the counfer electromotive
voltage generated upon rotation of the rotor 103 by using

5 the voltage detection means through the detection coil 105,
and the output timing of the driving pulse signal is con-
trolled on the basis of an output from the comparator 108.

The motor having the arrangement of this prior art can

be driven similarly to the scheme of detecting the counter

10 electromotive voltage from the motor by using the above-
described driving coil 2 in Fig. 8. Fig. 11 shohs waveforms
in this prior art. In this arrangement, since the DC compo-
nent of a current flowing through the driving coil 101 is
removed in outputting the driving pulse, a voltagé waveform

15 appearing on an output from the differehtial amplifier is
the synthesized waveform of Vg and Vr.

In this prior art, the counter electromotive voltage is
detected by the detection coil 105 wound coaxially with the
driving coil 101. This scheme has already been filed by the

20 present applicant as Japanese Unexamined Patent Publication
No. 6-235777.

As described above, according to the driving scheme
shown in Figs. 8 and 9, the output interval between driving
pulse signals can be minimized. As a result, the motor can

25 be rotated at a speed about 3 times higher than that of a



posi tive-edge detection signal PE. Upon reception of the si gha

PE through the OR circuit 31, the timer circuit B 32 stops its:

ti mer operation. Wen no signal is output from 10 the tinmer circuit
B 32 during a predetermined tinme (t2), the pul se control circuit
27 outputs the signal Ptrg after the - 11 Rredeternmned tinme. Upon
reception of the signal Ptrg, the wavef orm shaping circuit 23
outputs an "H' signal CE1l during a period tc. During the
subsequent period t3, the counter 15 el ectronotive voltage is
detected in the sane manner as during the period t2

Si nce the wavemamadf gtep dgnaing\ocsthemesses t he potential Vb
fromthe negative in the positive direction at times P1, P2, and

P3 during the periodstghis3comnmemitibnial @¢gnchronifFagiof0 didving sschepet,,
and an "H' signal is output to the
the driving pulse conditions at the start of the motor are
greatly.different froﬁ those when the rotation speed is
5 stabilized a predetermined time after the start. Therefore,
several kinds of driving pulse signals to be supplied to the
driving circuit are prepared in advance. A driving pulse
signal having a large width is supplied to the driving
circuit at the start of the motor, and the pulse width of
10 the driving pulse signal to be supplied is decreased along
with an increase in rotation speed.
However, in a system wherein a motor is attached with
a heavy load, and particularly with an unbalanced load like
a flat weight for a vibration motor, the driving pulse
15 conditions greatly change depending on the posture of the
motor. That is, an energy required at the start is greatly
different between a case wherein the rotating shéft of the
motor is perpendicular to the gravity, and the flat weight
is located at such a position as to start rotation against
20 the gravity, and a case wherein the flat weight is located
at such a position as to start rotation in accordance with
the gravity. As a result, the width condition of the
driving pulse output from the driving circuit changes.
When the motor is driven by the conventional driving

25 scheme, it cannot smoothly start because the pulse width at



signal OEl. During a period when the potential |evel of the

counter electronotive voltage Vg is lower than Vb, i.e., during
a period t5 in Fig. 20, the rotor 103 has rotated t hr ough
180[err] or nore, so the waveform of the signal Aout 25 does not
cross the potential Vb fromthe negative dirgetion

- 36 - to the positive direction. Therefore, during the period
t5, the positive-edge detection circuit 26a does not output the

the start is fixed under predetermined conditions. That is,
when the flat weight starts rotation against the gravity,
the pulse width may not be long enough to start fhe motor,
and the motor may fail to rotate. When the flat weight

5 starts rotation in accordance with the gravity, the pulse
width is excessive, resulting in an increase in power
consumption.

In the scheme of driving the motor in synchronism with
the phase angle of the rotor, which is a feature of the

10 conventional driving scheme, the next driving pulse signal
must be output at the timing when the motor rotates to reach
an opposite phase. If a pulse having an excessive width is
output, the same driving pulse is kept output even after the
motor reaches the opposite phase. As a result, the motor is

15 braked to greatly lower the rotation efficiency.

In the scheme of gradually decreasing the pulse width
of a driving pulse signal within a predetermined time after
the start of the motor, when the load of the motor is heavy,
or when the driving voltage is low, the pulse width is

20 decreased before the rotation speed of the motor sufficient-
ly increases. As a result, not only the acceleration
performance of the motor may be lowered, but also the energy
necessary for rotation may not be obtained to stop the motor
in some cases.

25 When the pulse width of the driving pulse signal is not



positive-edge detection signal PE. If the timer circuit B 32 does
not receive any positive-edge detection signal PE 5 during the
period t5, ~and the predetermined tinme (t5) el apses, the tinmer
circuit B 32 outputs Tup'. Upon recep- tion of the signal Tup',
the pul se control circuit 27 outpuyg the signal Ptrg. As a
resul t, the waveform shapi ng circuit 23 outputs the signal CEl

At this tine, since the 10 signal Qfromthe flip-flop circuit 46
changes from"L" to "H'" in response to the signal Tup', the
driving control circuit 24 outputs the driving pulse signal to

t he signal suffici@itlysidécredsed Wibehueakpeper o ahd srdtwtsamespsedp
t he above-nentioned first enbodiment. 15 According to
t he second enbddiengnwherby siatitiing tgiflse signal hawinysdn fexcdesiedi pglsbe

counter el ectronotive voltage
width is output, the signal Aout output from the wvoltage
detection circuit 5 in Fig. 8 becomes the one shown in
5 Fig. 12. That is, +the counter electromotive voltage
generated from the motor shifts to the negative side with
respect to the potential Vb before the influencelof the
induced voltage generated after outputting a driving pulse
signal disappears. For this reason, no next driving pulse
10 signal which is supposed to be output at the time Q is

output. As a result, the motor stops, or even if it does

not stop, the rotation speed does not increase.

[Disclosure of Invention]

15 It is an object of the present invention to sclve the
above problems, and attain reliable starting characteristics
and stable rotation performance of a motor.

To solve the above problems, according to the present
invention, as claim 1, there is provided a motor driving

20 apparatus comprigsing a stepping motor constituted by a
stator with at least two poles, a rotor having a permanent
magnet with at least two poles, and a driving coil magneti-
cally coupled to the stator, driving pulse generafion means
for outputting a driving pulse signal for driving the

25 stepping motor, a driving circuit for supplying a driving



during output of the driving pulse signal, the driving coil can

be used as a counter el ectronotive voltage detection coil to
simplify the arrangenent. According to this 20 enbodi nment ,
since the interval between the driving pul se signal and the next
driving pul se signal can be elim nated, - 14 - the nmotor can be stably
driven at a high speed. A driving circuit in Fig. 21 is
obt ai ned by adding a hysteresis conparator 13 to the driving
circuit in Fig. 8. 25 The hysteresis conparator 13 is connected to
t he out put of - 37 -

current to the driving coil on the basis of the signal from
the driving pulse generation means, a voltage detection
circuit for detecting a counter electromotive voltage
generated upon rotation of the rotor, and pole position

5 detection means for detecting a pole position of the
rotating rotor with respect to the rotor on the basis of a
detection signal generated by the voltage detection circuit,
the driving pulse generation means controlling’an output
timing of the driving pulse signal on the basis of the

10 detection signal from the pole position detection means,
characterized in that the pole position detection means
stops outputting the driving pulse signal on the basis of
the detection signal from the voltage detection circuit
which is detected during an output period of the driving

15 pulse signal, and outputs a driving pulse signal having a
phase opposite to that of the driving pulse signal.

As claim 2 in claim 1, it is characterized in that the
pole position is detected by detecting the counter electr-
omotive voltage generated at a detection coil coaxially

20 wound on the driving coil by using the pole position
detection means.

As claim 3 in claim 2, it is characterized in that the
pole position is detected on the basis of a result of
comparison between the counter electromotive voltage

25 detected by the pole position detection means and a pre-



the voltage detection circuit 5. The hysteresis conparator 13 is

constituted by an input resistor 13a, a feedback resi stor 13b,

and.inverters 13c and 13d. In this arrange- ment, a hysteresis

may be given to the reference potential 5 for checking crossing of

the counter electronotive voltage - i#® order to detect the pole

position. : If the hysteresis conparator is arranged in this

manner to delay the timng for detecting whether the counter

el ectronoti ve voltage crosses the reference potential, a 10

mal functi on caused by the influence of an external nagnetic field

or the |like cadeberpivednpetdenfdefiher, even when a physi cal shock

or the like is applied to the notor, the notor can rotate very

st abl y. As claim 4 in claim 3, it is characterized in that the
predetermined potential for detecting the pole position
includes a plurality of set potentials.

5 As claim 5 in claim 1, it is characterized in that the
voltage detection circuit is constituted by bias means for
biasing a potential level at one terminal of the driving
coil to an intermediate potential of a power supply voltage,
and a wvoltage detection circuit for detecting a counter

10 electromotive voltage generated at the other terminal of the
driving coil, the driving pulse generation means outputs a
driving pulse signal constituted by an intermittent pulse
group having a plurality of idle periods, and the pole
position detection means stops the driving pulse signal on

15 the basis of a result of comparison between the detection
signal from the voltage detection circuit which is detected
during the plurality of idle periods, and the intermediate
potential, and outputs a driving pulse signal having a phase
opposite to that of the stopped driving pulse.

20 As claim 6 in claim 5, it is characterized in that the
pole position is detected on the basis of crossing of the
counter electromotive voltage detected by the pole position
detection means over a predetermined potential.

As claim 7 in claim 6, it is characterized in that the

25 predetermined potential for detecting the pole position



The nethod of controlling output of the pulse imedi- 15 ately after

the notor starts has been descri bed above. A nmet hod of .
outputting a pulse while the rotation speed of the notor after it
starts shifts froman acceleration state to a const ant - speed
state will be described as the third _ enbodi nent. 20

Thi s enbodi ment to be described is associated®ith a nmeans
particularly effective for a notor having a load with ~a large
inertia, such as a flat weight for a date face or a vi bration
alarm Fig. 22 is a block diagram show ng the arrangenent of
25 t he t hindl I8 BNbral fe@esErs@ti pothtPatss comon to the

As claim 8 in claim 5, it is characterized in that the
driving pulse signal constituted by the intermittent pulse
group is constituted by a plurality of pulse groups having

5 different pulse widths.

As claim 9 in claim 8, it is characte;ized in that the
driving pulse signal constituted by the intermittent pulse
group is constituted by a first pulse having a large pulse
width, and a second pulse group having a pulse width smaller

10 than that of the first pulse.

As claim 10 in claim 9, it is characterized in that the
pulse width of the first pulse changes in accordance with a
rotation speed of the rotor.

As claim 11 in claim 9, it is characterized in that the

15 pulse width of the first pulse changes in accordance with
the output number of driving pulses upon start of the rotor.

As claim 12 in claim 9, it is characterized in that the
pulse width of the second pulse changes in accordance with
a rotation speed of the rotor.

_20 As claim 13 in claim 9, it is characterized in that the
pulse width of the second pulse changes in accordance with
the output number of driving pulses upon start of the rotor.

As claim 14 in claim 10, it is characterized in that
the first pulse changes to decrease the pulse width along

25 with an increase in rotation speed of the rotor.



- 38 - first and second enbodi ments wi.ll be omtted. Fig. 23

Is a . waveform chart showi ng the operation in Fig. 22.

In Eig. 22, reference nuneral 35 denotes a tiner circuit Cfor
starting a tinmer operation in synchronismwth 5 the fall of the
signal OEl. When the signal OEl is at "L"_ 17 - the timer circuit C
35 starts operation, outputs a signal Cup after a predeterm ned
time, and is reset by the signal Ptrg. Reference nuneral 36
denotes a counter circuit for counting signals Cup fromthe tiner
circuit C 35, and 10 swi tching and outputting pul se width selection
signals Psl As claim 15 in claim 11, it is characterized in that

the first pulse changes to decrease the pulse width along
with an increase in number of output driving pulses upon the
start of the rotor.

5 As claim 16 in claim 12, it is characterized in that
the second pulse changes to decrease the pulse width along
with an increase in rotation speed of the rotor;

As claim 17 in claim 13, it is characterized in that

the second pulse changes to decrease the pulse width along

10 with an increase in number of output driving pulses upon the
start of the rotor.

As claim 18 in claim 5, it is characterized in that the

idle period widths of the plurality of idle periods of the

driving pulse signal constituted by the intermittent pulse

15 group change in accordance with a rotation speed of the
rotor;

o As claim 19 in claim 5, it is characterized in that the
‘idle period widths of the plurality of idle periods of the
driving pulse signal constituted by the intermittent pulse

20 group change in accordance with the number of output pulses
upon start of the rotor.

As claim 20 in claim 18, it is characterized in that

the idle period widths change to decrease the widths along

with an increase in rotation speed of the rotor.

25 As claim 21 in claim 19, it is characterized in that



to PsN. Ref erence nuneral 37 denotes a driving pul se contro
circuit for changing the width of the signal OEl on t he basis of
the_pulse width selection signals Psl to PsN A driving circuit
25", a counter electronotive voltage 15 detection circuit 41', and a
nmotor 42' in Fig. 22 have the sanme, garrangenents as those in Fig.
8 described in the prior art. ATd%QCFiption of the sane
arrangenent as that in the above-descri bed second enbodi ment wil |
be om tted. In the initial state, the count value of the
counter 20 circuit 36 is cleared, and therefore the signal Psl is at

"H'. The drivi sBeptidie perticd wildths icHengdabgedethbeapdl the widths alémlj h
of a driving pulse signal to be output in accordance ~ with the
signal s Psl towRsN ant pnéréase ihenambeiredfcontpiut driving pulbses [vpdhithe

case, the signal Psl is at "H', i.e., a driving
start of the rotor.
As claim 22 in claim 1, it is characterized in that the
5 : motor driving apparatus comprises a timer circuit for
measuring a predetermined time after the driving pulse
generation means outputs a starting pulse, and then generat-
ing a timer signal, and when no detection signal is generat-
ed by the pole position detection means the predetermined

10 time after output of the starting pulse is started, the
driving pulse generation means stops outputting the starting
pulse in accordance with a timer signal outpuf from the
timer circuit, and outputs a driving pulse signal having a
phase opposite to that of the starting pulse.

15 As claim 23, there is provided a motor driving appara-
tus comprising a stepping motor constituted by a stator with
at least two poles, a rotor having a permanent magnet with
at least two poles, and a driving coil magﬁetically coupled
to the stator, driving pulse generation means for outputting

20 a driving pulse signal for driving the stepping motor, a
driving circuit for supplying a driving current to the
driving coil on the basis of the signal from the driving
pulse generation means, a voltage detection circuit for
detecting a counter electromotive wvoltage generated upon

25 rotation of the rotor, and pole position detection means for



25 pul se signal having the |largest width is output inmediately

- 39 - ~ after the start. As the "H'-level signal changes in the
order of the signals Ps2, Ps3,..., PsN (to be described " later),
the pulse width of the driving pul se signal is decreased. 5

The state wherein the notor starts upon regegéign of t he signa
SS,..i.e., aperiod (a) in Fig. 23 is the sane as in Fig. 9

descri bed above, and a description thereof will be

detecting a pole position of the rotating rotor with respect
to the rotor on the basis of a detection signal generated by
the voltage detection circuit, the driving pulse generation
means controlling an output timing of the driving pulse
5 signal on the basis of the detection signal from the pole
position detection means, characterized in that the motor
driving apparatus further comprises-a timer circuit for
generating a timer signal a predetermined time after the
driving pulse generation means outputs the driving pulse
10 signal, and when no detection signal is generated by the
pole position detection means the predetermined time after
output of the driving pulse signal is started, the driving
pulse generation means sets a pulse width of a driving pulse
signal to be output next to smaller than that of the
15 previously output driving pulse signal. |
As claim 24 in claim 23, it is characterized in that,
when no detection signal is generated from the pole position
detection means the predetermined time after output of the
driving pulse signal is started, the driving pulse genera-
20 tion means outputs a compensation pulse signal having a
polarity opposite to that of the driving pulse signal.
As claim 25 in claim 24, it is characterized in that
the compensation pulse signal has a pulse width smaller than
that of the driving pulse signal.

25 As claim 26 in claim 1 or 23, it is characterized by



omtted. In Fig. 23, when the rotation speed of the notor is

10 i ncreased by the first and second pul ses, the pul se w dth of

t he..driving pul se signal becones excessive, as described above.
Crossing of the level Vb fromthe negative direction to the
positive direction, which is supposed to oc at the time Pin
Fig: 23, does not occur, so no next driving pulse 15 signal is

out put . When the signal OEl1 changes to "L", the tinmer
circuit C 35 starts a tiner operation in the nornal state, i.e.,
I n the state such as the period (a) in Fig. 23. The- ti mer
circuit C 35 ofiipthérnocsnpgpabingcadampihgi Spukset fgnblRatidh meanshexdor
signal Ptrg before the | apse of a predeterm ned tiner operation

end time At sebutputtyvagca. dampingvpulseheighl® in order to stop rotating

the stepping motor, the damping pulse generation means

controlling an output timing of the damping pulse signal on

5 the basis of the detection signal from the pole position
detection means.

As claim 27 in claim 26, it is characterized in that
the damping pulse signal is output in a direction in which
the stator is excited to a polarity opposite to a magnetic

10 pole of the rotor.

As claim 28 in claim 26, it is characterized in that
the damping pulse signal is output with a pulse width larger
than that of the driving'.pulse signal for driving the

stepping motor.

15
[Brief Description of Drawings]

. ~Fig. 1 is a circuit diagram of the driving portion of
a conventional motor driving apparatus, Fig. 2.is a plan
view showing the statically stable point of a bipolar

20 stepping motor in Fig. 1, Fig. 3 is a plan view showing the

electromagnetically stable point of the bipolar stepping
motor in Fig. 1, Fig. 4 is a plan view showing the pole
position during rotation of the bipolar stepping motor in
Fig. 1, Fig. 5 is a plan view showing the rotation direction

25 of the bipolar stepping motor in Fig. 1, Fig. 6 is a plan



signal Aout does not cross Vb, and no signal Ptrg is output t he

time At after the signal CEl falls, as during periods (c) and
(d) .jn Fig. 23, it is determined that the rotor 103 25 has al r eady
reached a position where the notor is driven by

- 40 - the next driving pulse_sé nal, and the tinmer circuit C
35 .. outputs an "H'-level pulse signal to the signal Cup. Upon

reception of the signal Cup, the counter circuit 36 counts

view showing the rotation direction of the bipolar stepping

motor in Fig. 1, Fig. 7 is a plan view showing the rotation
direction of the bipolar stepping motor in Fig. 1, Fig. 8 is

a circuit diagram of a driving circuit in a motor driving

5 apparatus of a prior art, Fig. 9 is a waveform chart showing
the operation of the driving circuit in Fig. 8, Fig. 10 is

a circuit diagram of a driving circuit in a motor driving

apparatus of another prior art, Fig. 11 is a waveform chart

showing the operation of the driving circuit in Fig. 10,

10 Fig. 12 is a waveform chart showing the operation of the
driving circuit in Fig. 8, Fig. 13 is a block diagram

showing the first embodiment of a driving system in a motor

driving apparatus of the present invention, Fig. 14 is a

waveform chart showing the éperation of the driving system

15 in Fig. 13, Fig. 15 is a waveform chart showing the states
of respective portions . of the circuit when the motor fails

to rotate by the first pulse, Fig. 16 is a waveform chart

showing the states of the respective portions of the circuit

when the motor fails to rotate by the first pulse, Fig. 17

20 is a circuit diagram when a hysteresis comparator is applied
to the driving circuit in Fig. 10, Fig. 18 is a block

diagram showing the second embodiment of the driving system

in the motor driving apparatus of the present invention,

Fig. 19 is a waveform chart showing the opération of the

25 driving system in Fig. 18, Fig. 20 is a waveform chart



up an internal counter, and sets the signal Psl to "L" and 5 t he

signal Ps2 to "H'. As a result, the signal OEl is out put as a
drixing pul se signal having a smaller pul se wi dt h.

When the rotation speed of the notor reaches a certain degree or
nore, or when a |oad having a large inertiLaghs. 10 connected to the
not-er, as described above, even if no driving pul se signal is
output at the tinme Pin Fig. 23, rotation does not immediately
stop though the rotation speed slightly decreases. Therefore, if
the next driving pul se signal is output at tinme Q rotation
itsel f does nshostimg thé operatdoxevef, theendriiwipgl ssyskeinhiof Fhe. 18,
driving pul se out put at the tine Qis equal to that of the

previ ous driviFig.p@lsds a circuitsdjagiram whenoaabysherxpsidd, compahatays is
decreased once due to

applied to the driving circuit in Fig. 8, Fig. 22 is a block

diagram showing the third embodiment of the driving system

5 in the motor driving apparatus of the present invention,

Fig. 283 is a waveform chart showing the operation of the

driving system in Fig. 22, Fig. 24 is a block diagram

showing another arrangement of the third embodiment shown in

Fig. 22, Fig. 25 is a waveform chart shoﬁing the operation

10 of the driving system in Fig. 24, Fig. 26 is a block diagram

showing the fourfh embodiment of the driving system in the

motor driving apparatus of the présent invention, Fig. 27 is

a waveform chart showing the operation of the driving system

. in Fig. 26, Fig. 28 is a wavefofm chart showing the opera-

15 tion of the driving system in Fig. 26, Fig. 29 is a block

diagram showing the fifth embodiment of the driving system

in the motor driving apparatus of the present invention,

Fig. 30 is a waveform chart showing the operation of the

driving system in Fig. 29, Fig. 31 is a block diagram

20 showing the sixth embodiment of the driving system in the

motor driving apparatus of the present invention, Fig. 32 is

a block diagram showing the arrangement of the seventh

embodiment of the driving system in the motor driving

apparatus of the present invention, Fig. 33 is a waveform

25 chart showing the operation of the driving system in



t he absence of the driving pulse signal at the tinme P,

undesirably increases again to cause the situation as showmn 20 at
the.ime Pin Fig. 23 again. A further increase in rotation
speed cannot be expect ed. In this enbodi nent, when the
wavef orm of the signal Aout does pgt _cross the bias voltage Vb
wWthin a predeter- : m ned tinme upon outputting the driving pul se
signal, the 25 pul se width of a driving pulse signal to be output
next is - 41 -

Fig. 32, Fig. 34 is a block diagram showing the eighth
embodiment of the driving system in the motor driving
apparatus of the present invention, and Fig. 35 is a

waveform chart showing the operation of the driving system

5 in Fig. 34.

[Bgst Mode of Carrying Out the Invention]

The first embodiment of the present invention will be
described below with reference to the accompanying drawings.
10 Fig. 13 is a block diagram showing the first embodiment

of a driving system in a motor driving apparatus of the
present invention, and Fig. 14 is a waveform chart showing

the operation of the driving system in Fig. 13.
In Fig. 13, reference numeral 21 denotes an oscillation
15 circuit for oscillating a reference frequency signal O0OSC;
22, a frequency division circuit for outputting a signal
Fdiv obtained by dividing the reference frequency.OSC; 23,
a waveform shaping circuit for shaping a signal OE serving
as a base signal for a driving pulse signal for driving a
20 motoxr 42; 24, a driving control circuit for outputting a
signal Olin or 02in as the driving pulse signal on the basis
of signals OE and Fd; 25, a driving circuit for outputting
a signal drvl or drv2 for driving the motor 42 on the basis
of the signals 0Olin and 02in; 26a, a positive-edge detection

25 circuit for outputting a positive-edge detection signal PE



decreased. If the rotation speed of the notor increases in ' this

state, the sane state as that at the tinme Pin Fig. 23 al so
occurs. At this tine, the above-described control is performed to
decrease the pulse wdth of the driving pulse 5 signal. By
repeatedly performng the same control for 5Qe_ pul se width of the
dri-ving pul se signal, the rotation speed gradual ly increases, and
is stabilized at the maxi mum rotation speed. In this state, the
driving pul se signal does not have an excessive w dth.

Therefore, since the 10 crossing point of the waveform of the signal
Aout over thewhen a sidnm&b WhitagdeYbBctad hsy det esbafiterheelscvirogopilee
can be reliably output to attain stable rotation

The notor is sicippee WetdetEoyneir&ditagldesosisked a referencabpgeentpan
reception of the signal ES, the counter circuit

Vb in the positive direction (from the negative direction to

the positive direction); 26b, a negative-edge detection

5 circuit for outputting a negative-edge detection signal NE

when the signal Aout detected by the counter electromotive

voltage detection circuit 41 crosses the reference potential

Vb in the negative direction (from the positive direction to

the negative direction); 31, an OR circuit for outputting an

10 OR between the positive-~ and negative-edge detection signals

PE and NE; and 28, a timer circuit for measuring a prede-

termined time after the rise of the driving pulse signal.

Reference numeral 27 denotes a pulse control circuit, which

outputs the signal Fa for controlling the

15 operation/non-operation of the driving control circuit 24,

and a signal Ptrg for controlling the output timing of the

signal OE output from the waveform shaping circuit 23. The

driving circuit 25, +the counter electromotive voltage

detection circuit 41, and the motor 42 have the arrangements

20 ‘in Fig. 10 described in the prior art. Reference numeral 40

denotes a pole position detection circuit constituted by the

positive-edge detection circuit 26a, the negative-edge

detection circuit 26b, the OR circuit 31, and the counter

electromotive voltage detection circuit 41.

25 The operation will be described below with reference to



15 36 is reset to set the counter value to an initial state.

Since the signal Psl is at "H' in next driving of the notor, . a
driving pul se signal having the |argest width is output. o As
descri bed above, by enploying the third enbodi nent, a driving
pul se signal having an optimal wdth is selected 20 in accordance
with the rotation speed of the notor. The 25 - not or can be rapidly
accelerated and stably rotated, and the rotation speed can be

i ncreased. In the description of this enbodi ment, the driving
circuit 25, the counter electr- onotive voltage detection
circuit 41', apdgthagmotor 42° 25 have the circuit configuration

described in Fig. 8. Even
When this circuit system of the motor driving apparatus

is inoperative, i.e., when the rotor 103 shown in Fig. 10
does not rotate, the signal Fd output from the pulse control
5 circuit 27 is at "H" level. 1In this state, since both the
outputs 0lin and 02in from the driving control circuit 24 to
the driving circuit 25 are at "L" level, both outputs from
the motor drivers 104a and 104b are at "L" level.
In rotating the rotor 103, when a starting signal SS is

10 externally input to the pulse control circuit 27, the signal
Fd output from the pulse control circuit 27 changes to "L"
level. Upon reception of the signal SS, thé timer circuit
28 starts a timer operation. When the signal Fd changes to
"L" level, and the signal OE changes to "H", the driving

15 control circuit 24 outputs an "H" signal Olin for an
"L"-level signal OE, or outputs an "H" signal 02in for an
"H"-level signal OE. In Fig. 14, the signal Olin-is at "H"
because the signal OE immediately after the signal SS is
output is at "L".

20 The operations of the positive- and negative-edge
detection circuits 26a and 26b will be described. The
positive-edge detection circuit 26a becomes active when the
signal OE is at "H" level, and outputs the positive-edge
detection signal PE when the signal Aout crosses the bias

25 voltage Vb in the positive direction. The negative-edge



- 42 - with the circuit configuration in Fig. 10, the sane

oper a- tion can be obtai ned. Note that the third
enmhodi ment may enpl oy an arrange- ment |ike the one shown in Fig.
24. Fig. 24 is a block 5 di agram show ng anot her arrangenent of
the third enbodi nent. A descriptigg of the sanme arrangement as
that shown in Fig. 22 wll be omtted. Fig. 25 is a waveform
chart showi ng the operation in Fig. 24. In the

bl ock diagram of Fig. 24, a conpensation pulse 10 formation circuit

38 is newy arranged. Wen no signal Ptrg
detection circuit 26b becomes active when the signal OE is

at "L" level, and outputs the negative-edge detection signal
NE when the signal Aout crosses the bias voltage Vb in the
negative direction while the signal OE is at "L" level.

5 During a period tl1 in Fig. 14, the negative-edge
detection circuit 26b is operative because the signal OE is
at "L". If the output signal Olin from the driving control
circuit 24 is kept at "H", the signal Aout as a signal from
the driving circuit 25 has a waveform during the period tl1

10 in Fig. 14.

During the period tl, when the signal Aout crosses the
potential of the bias voltage Vb from the positive direction
to the negative direction, the negative-edge detection
circuit 26b outputs the negative-edge detectién signal NE.

15 Upon reception of the negative-edge detection signal NE
through the OR circuit 31, the pulse control circuit 27
outputs the signal Ptrg. When the timer circuit 28 similar-
ly receives the negative-edge detection signal NE through
the OR circuit 31, it resets its timer operation and stops.

20 The waveform shaping circuit 23 changes the signal OE
to "H" level during a period t2 in Fig. 14 in synchronism
with the rise of the signal Ptrg. The driving control
circuit 24 changes the signal 02in to "H" level while the
signal OE is at "H".

25 During the period t2 in Fig. 14, the positive-edge



Is output the tinme At after the signal OEl falls, as during ' a
period (d) in Fig. 25, the tinmer circuit C 35 outputs an

"H'-.level pulse signal to the signal Cup. Upon reception of t he
signal Cup, the conpensation pulse formation circuit 38 15 out puts a
conpensation pul se signal FP. This signal_FERis I nput as the
signal OEl1 to a driving control circuit 24 through an OR circuit.
The output signal Q fromthe flip-flop circuit 46 is swtched
from"H to "L" by the signal Cup. As a result, the conpensation
pul se signal FP 20 I's output as the driving pul se signal for the
signal Ain. detection circ¥ith26&ai seaelivagetbat signad Abuky singiheutpurts
S out put, the conpensation pul se signal FP can be output to

suppress a tenpbe apgsitetveasdgendepeetiion signal PE whehhé&heohesedatoforthe
pul se signal FP to be output desirably
signal Aout crosses the bias voltage Vb from the negative
direction to the positive direction. Upon reception of the
5 positive-edge detection signal PE through the OR circuit 31,
the pulse control circuit 27 outputs the signal Ptrg. The
same operation is repeatedly executed to continuously rotate
the rotor 103.
To stop rotating the rotor 103, a stop signal ES is
10 externally input to the pulse control circuit 27. When the
pulse control circuit 27 receives the positive- or negative-
edge detection signal PE or NE immediately upon reception of
the stop signal ES, it outputs the last Ptrg. In the
example of Fig. 14, the pulse control circuit 2% receives
15 the negative-edge detection signal NE, and outputs the
signél Ptrg. |
During a period t4 in Fig. 14, an "H"-level signal 02in
is output to make the positive-edge detection circuit 26a
active, and the positive-edge detection signal PE is output
20 at a timing when the signal Aout crosses the bias voltage Vb
from the negative direction to the positive direction. When
the pulse control circuit 27 receives the positive-edge
detection signal PE upon reception of the stop signal ES, it
changes the signal Fd to "H" level, and fixes outputs from

25 the motor drivers 104a and 104b to "L" level, completing the



25 has a pulse width smaller than that of a normal driving

- 43 -

| ar ger,
Vb f

pul se signal. Wen the wwdth of the signal FP is
- the crossing timng of the signal Aout over the potential
romthe positive in the negative direction may be | ost.

This can be prevented by setting the pul se wglth of the 5 _
compensati on pul se signal FP smaller. The fourth- enbodi nent

of the present
bl ock di agram

10

15

20

25

i nvention will be described below. Fig. 26 is a
show ng t he

operation of the circuit.

The above-described first embodiment assumes that the
rotor 103 is adjusted to a rotation pole position by the
first pulse at the start of outputting an "H"-level signal
Olin. In pracfical use, however, the phase of the driving
pulse signal does not always coincide with the pole position
of the rotor 103. Particularly when a load having a large
inertia such as a vibration alarm is attached, thé motor may
be kept inertially rotated even after the rotation of the
motor is stopped. 1In such a case, the fina; pole position
is indefinite.

The above situation is taken into consideration, and
how the system of the present invention operates when the
motor fails to rotate by the first pulse will be described
with reference to Figs. 13 and 15.

Fig. 15 is a waveform chart showing the states of the
respective portions of the circuit when the motor fails to
rotate by the first pulse.

When the motor fails to rotate by the first pulse, the
signal Aout output from the driving circuit 25 is in a state
shown in Fig. 15 or 16. That is, since the motor does not
rotate, a counter electromotive voltage Vr generated upon
normal rotation of the motor is rarely generated. As a
result; the signal Aout depends on only a voltage induced at

a detection coil upon outputting a driving pulse signal. In



arrangenment of the fourth enbodi nent. A description of parts

common to the second enbodinent will be omtted. 10 Fig. 27 is a
waveform chart showing the operation in Fig. 26, and Fig. 28
is an enl arged waveform chart for the signal CEl

This enbodi nent is a nodification of the seggnd enbodi ment

descri bed above. Referring to the waveformchart 15 of the second
enbodi ment in Fig. 19, in the second enbodi - ment, a plurality of
driving pul se signals having the sane pul se wi dth are out put
within the period tl to enable detection of the counter

el ectronot i ve thilg ag@s®,t hmherhethe influepeei odft 1theyV t indhcedsevolhgge
however, the driving pulse 20 signal output tine becones short due

to the count edigapmgars, the potenbialediffezgocectasriassn thertwanternd -
time for supplying
nals of the differential amplifier 106a shown in Fig. 10
should become basically 0. In practice, however, a certain
5 potential difference is generated, so that the potential of .
the signal Aout is slightly higher or lower than the bias
voltage Vb.
When the potential of the signal Aout after the
influence of the induced voltage disappears is higher than
10 Vb, the signal Aout does not cross the level Vb from the
positive in the negative direction even if the dri&ing pulse
signal is continuously output. For this reason, no signal
Ptrg serving as the output timing of the next driving pulse
signal is generated. In this system, when the signal SS is
15 input, a starting driving pulse signal is output, and the
timer operation of the timer circuit 28 is performed. When
no positive- or negative-edge detection signal is output
from the pole position detection circuit 40 even after a
predetermined time (tl' in Fig. 15), the timer circuit 28
20 outputs a pseudo detection signal Tup, and stops its timer
operation. Upon reception of the signal Tup, the pulse
control circuit 27 outputs the signal Ptrg. Accordingly, an
"H"-level signal 02in is immediately output, i.e., the next
pulse signal having a polarity opposite to that of the first

25 driving pulse signal is output, thereby rotating the rotor



a rotation energy to the notor (driving pulse signal output ' tinme)

is sacrificed, as is apparent fromFi g. 19. For this reason, to
rapj.dly accelerate and stably rotate the notor, 25 t hi s enbodi nent,
i.e, the fourth enbodinment is effective.
- 44 - In this enbodinegtSooi a period tl in Fig. 27,
dur-i ng the initial period when 1t I's apparent that a rotor 103
has not conpletely rotated through 180[err], detection of the
count er -

103. The subsequent operation is performed under the same

control as that in the above-described case wherein the
motor is rotated by the first pulse.
When the potential of the signal Aout after the
5 influence of +the induced voltage is lower than Vb, the
waveform of the signal Aout crosses Vb from the positive
direction to the negative direction immediately after the
ihfluence of the induced voltage disappears, so that the
negative-edge detection circuit 26b immediately outputs the
10 signal NE. Upon reception of the signal NE, the timer
circuit 28 stops its timer operation. The pulse control
circuit 27 outputs the signal Ptrg. The subsequent opera-
tion is performed under the same control as that in the
above-described case wherein the motor is rotated by the
15 first pulse.
In the above-described system, 180°-rotation of the
motor can be recognized by detecting the counter electro-
motive voltage generated from the motor during output of a
driving pulse signal. If the next pulse is output at this
20 timing, the motor can be certainly driven with a high
efficiency without reducing its rotation power.
According to the first embodiment, since no driving
pulse signal idle period for detecting the pole position is
required, unlike in the prior art, the interval between the

25 driving pulse signal and the next driving pulse signal can



el ectronotive voltage is not performed, and a driving pulse 5 si gnal

having a relatively large pulse wwdth is output to prol ong the -
tinme for supplying the rotation energy to the not or (driving
pul se signal output tinme). This enbodi nent wi |l be described in
detail bel ow In this enbodizent, a waveform shaping circuit
23-s 10 constituted by a | arge-pul se generation circuit 23a and a
smal | - pul se generation circuit 23b, as shown in Fig. 26. A timer
circuit B 32 is reset and restarted in response to the fall of

t he signal CEl, and outguts t he S|gnal Tup' after a predet erm ned
time. Upon reEBp??-b‘ﬁlﬁP efetQj ghably friveg the motor ?)T:ll%é“cﬂ)‘hﬁl%ﬁe% r it t

27 outputs a si_gnal or The pul se control circuit 27
outputs the sPg éFlePPg%ﬂﬁﬂWQ?or can be rgldably $EREFSd ZRPAIAIESS B or
NE froma pole p05|t|on
the pole position of the rotor 103 at the start.
In Fig. 10, the voltage detection means constitﬁted by
5 the comparator 108 for comparing an output signal from the
differential amplifier 106a with the reference voltage Vb,
and outputting a signal as the comparison result is added.
Alternatively, as shown in Fig. 17, a hfsteresis éomparator
may be constituted by connecting a circuit 107 constituted
10 by a differential amplifier 107a, a feedback resistor 107b,
and an input resistor 107c to a circuit 106 constituted by
a differential amplifier 106a, a feedback resistor 106b, and
an input resistor 106c, and a hystexresis may be arranged-at
the reference potential for checking crossing of the counter
15 electromotive voltage in order to detect the pole position.
If the hysteresis comparator is arranged in this manner
s to delay the timing for detecting whether the counter
electromotive voltage crosses the reference potential, a
malfunction caused by the influence of an external magnetic
20 field or the like can be prevented. Further, even when a
physical shock or the like is applied to the motor, the
motor can rotate very stably.
A case wherein the present invention is applied to a
motor driving apparatus constituted such that a driving coil

25 is also used as a detection coil for detecting the pole



detection circuit 40" during the interval between input of t he
previ ous signal Tup' and input of the latest sjgnal 20 Tup', or
outputs the signal Ptrg when it receives the signal PE or NE
The waveform shaping circuit 23 outputs a signal CE1l having a
relatively large pulse width when it receives _ the signal Crg,
or -outputs a signal OEl having a relatively smal | pul se width

when it

toa flip-flop circuit 46 to

45 -

10

20

25

position to detect the counter electromotive from the motor
will be described as the second embodiment with'reference to
the accompanying drawings.

Fig. 18 is a block diagram showing the second embodi-
ment in which the above-described system in Fig. 13 is
slightly dimproved to enable detecti'on. of the counterxr
electromotive voltage from the motor even during output of
the driving pulse signal. Figs. 19 and 20 are waveform
charts showing the operation in Fig. 18. Fig. 20 shows
waveforms enlarged along fhe timing axis, compared +to
Fig. 19.

In Fig. 18, reference numeral 32 denotes a timer
circuit B for measuring a predetermined time after the
signal OEl changes to "L", and outputting a signal Tup' when
no positive- or negative-edge detection signal PE or NE is
received within this predetermined time; 46, a flip-flop
circuit for inverting an output signal Q each time it
receives the signal Tup'; and 40', a pole position detection
circuit constituted by a positive-edge detection circuit
26a, a negative-edge detection circuit 26b, an OR circuit
31, and a counter electromotive voltage detection circuit
41'. A waveform shaping circuit 23 intermittently controls
the driving pulse signal, and outputs the signal OEl as a
signal for controlling the pole position detection circuit

40' and the timer circuit B 32 each time the circuit 23

receives the signal Ptrg. The 25 signal Ctrg is also input



switch the signals Ain and Qin. Wen the pul se control ' circuit

27 receives the signal SS, it outputs the signal . Crg .
unconditionally. The timer circuit B 32 is reset in response to
the fall of the signal CE1l. 5 Wth the arrangenent in Fig. 26,
control as shown in Fig. 27 can_bggperformed. Referring to the
period tl in Fig. 27, a driving puPse signal having a relatively
| ar ge pul se width is first output once, and then a driving pul se
signal having a relatively small pulse width is output. 10 Ref erring
to Fig. 28, a signal having a relatively large pul se width is

out put as t he reicgiialesOfthed wiighgala Pregyi odtpplt, from a pulsancomatsolnairtavtng
a relatively small pulse width is output during a period tp3

after a peri o@7.p2.A driving controBscieeaitbed dlsowemnstitiuted enbodwireah,
of the period
and output the signals 0Olin and 02in on the basis of the
output signal Q froﬁ the flip-flop circuit 46. A driving
5 circuit 25', the counter electromotive voltage'detection
circuit 41', and a motor 42' have the same arrangements as
those in Fig. 8 described in the prior art. The remaining
constituent elements are the same as those in Fig. 13, and
a description thereof will be omitted.

10 In rotating the rotor 103 shown in Fig. 8, when the
starting signal SS is externally input to the pulse control
circuit 27, the pulse control circuit 27 outputs the signal
Ptrg to change the signal OEl to "H" at a period tb, as
shown in Fig. 19. The signal OEl is output to the signal

15 Olin when the output signal Q from the flip-flop circﬁit 46

is at "L" level, or to the signal 02in .when the output
signal Q is at "H" level. In Fig. 19, since the output
signal Q immediately after the signal SS is output is at
"L", the signal OEl is output to the signal Olin. In
20 Fig. 19, since the signal @ is at "L" during a period t2
after the period fb when the signal OEl is output, and the
signal OEl is at "L", the positive-edge detection circuit

26a becomes active.
During a period tl in Fig. 19, while the signal OEl is

25 at "H", the driving pulse signal for the signal Olin is



15 tlin Fig. 27, during the period when it is apparent that
the rotor 103 has not conpletely rotated through 180[err],
detection of the counter electronotive voltage is not

performed, and a driving pul se signal having a relatively _ | ar ge
pul se width is output to prolong the time foggsupply- 20 ing the
rotation energy to the notor (driving pul se signal out put tine).
The notor can be rapidly accel erated and stably rotated.

" The fifth enbodi nent of the present invention will be descri bed
below. Fig. 29 is a block dia ran1§homdng the 25 arrangenent of the
fifth enbodi neRRtPUE- de¥tiilst ithe oPigRgl sOEL is at "L", outputs from the

motor drivers la and 1b are set to a high-impedance state,
and a bias means 3 is operated to detect the counter electr-
omotive voltage from the motor.
5 The waveform of the sign§1 Aout during the period tl1l in
Fig. 19 will be explained with reference to the enlarged
chart of Fig. 20.

When the driving pulse signal having the wéveform of

lthe signal Olin is output, the waveform of Aout during the

10 period tl is the synthesized waveform of the induced voltage
Vr generated at a driving’coil 2 and the counter electro-

motive voltage Vg generated upon rotation of the motor.

During the period t2 in Fig. 20, the induced voltage Vr is

dominant immediately after the signal Olin changes to "L".

15 As the influence of the induced voltage Vr disappears with
the lapse of time, the counter electromotive voltage Vg is

observed. During the period t2 when the potential level of

the counter electromotive voltage Vg is higher than Vb,

i.e., when the rotor 103 has not completely rotated through

20 180°, the waveform of the signal Aout inevitably crosses the
potential Vb from the negative in tﬁe positive direction

. before the influence of the induced voltage Vr disappears

(at time Pl in Fig. 20).
When the signal OEl changes to "L", the timer circuit

25 B 32 starts a timer operation. Since the outpuf signal Q



- 46 - common to the fourth enbodinent will be omtted. Fig.

30 is a waveform chart showi ng the operation in Fig. 29..

Thi s, enbodinment is a nodification of the fourth enmbodi nent. In
the fourth enbodi nent, the pulse width of a 5 si gnal generated by
the large-pul se generation circuit 23a, _ 35 . that of a signal
generated by the small-pul se generation circuit 23b, and the
times (e.g., t3, t4, and t5) neasured by the tinmer circuit B 32
are always constant. However , since the length of the period t1l
shown in Fig. 27 changes 10 I n accordance with the rotation speed of

the notor, thefrom the flip-flop circuit 46 is at "L", the positive-edge

detection circuit 26a becomes operative while the signal QEl

is at "L". When it is observed that the waveform of the

signal Aout crosses Vb from the negative direction to the

5 positive direction at the time Pl during the period t2 in

Fig. 20, the positive-edge detection circuit 26a outputs the

positive~edge detection signal PE. Upon reception of the

signal PE through the OR circuit 31, the timer circuit B 32

stops its timer operation. When no signal is output from

10 the timer circuit B 32 during a predetermined time (t2), the

pulse control circuit 27 outputs the signal Ptrg aftexr the

predetermined time. Upon reception of the signal Ptrg, the

waveform shaping circuit 23 outputs an "H" signal OEl during

a period tc. During the subsequent period t3, the counter

i5 electromotive voltage is detected in the same manner as
during the period t2.

Since the waveform of the signal Aout crosses the
potential Vb from the negative in the positive direction at
times Pl, P2, and P3 during the periods t2, t3, -and t4 in

20 Fig. 20, Ptrg is output, and an "H" signal is output to the
signal OEl. During a period when the potential level of the
counter electromotive voltage Vg is lower than Vb, i.e.,
during a period t5 in Fig. 20, the rotor 103 has rotated
through 180° or more, so the waveform of the signal Aout

25 does not cross the potential Vb from the negative direction



notor can be nore rapidly accelerated and stably rotated by

changi ng these values in accordance with the rotation speed . of

t he _not or. In this enbodi ment, the pulse width of a signa

15 generated by a |large-pul se generation circuit 23a, that of

a signal generated by a small-pul se generq;g%1£ﬂrcuit 23D, and
the-tinme neasured by a tinmer circuit B 32 can be changed I n
accordance with the rotation speed of the notor. In this
enbodi nent, a rotation speed detection circuit 20 45 is newy
arranged as shown in Fig. 29. The rotation speed detection
circuit 45 caltaltiepddicipgnd@iatdotiion. Thereford,edualingf thikepeirgod t6Lr g
froma pulse control circuit 27 by using a signal froma

frequency divitsherpasitivé-ddgasdatection circugtersacaoekonbt andpakt &has
the rotation speed of the notor

positive-edge detection signal PE. If the timer circuit B

32 does not receive any positive-edge detection signal PE

5 during the period t5, and the predetermined time (t5)

elapses, the timer circuit B 32 outputs Tup'. Upon recep—-

tion of the signal Tup', the pulse control circuit 27

outputs the signal Ptrg. As a result, the waveform shaping

circuit 23 outputs the signal OEl. At this time, since the

10 signal Q from the flip-flop circuit 46 changes from "L" to
"H" in response to the signal Tup', the driving control
circuit 24 outputs the driving pulse signal to the signal
02in side. The subsequent operation is the same as in the
above-mentioned first embodiment.

15 According to the second embodiment, by setting the
interval for detecting the counter electromotive voltage
during output of tﬁe driving pulse signal, the driving coil
can be used as a counter electromotive voltage detection

~.coil to simplify the arrangement. According +to this

20 embodiment, since the interval between the driving pulse
signal and the next driving pulse signal can be eliminated,
the motor can be stably driven at a high speed.

A driving circuit in Fig. 21 is obtained by adding a
hysteresis comparator 13 to the driving circuit in Fig. 8.

25 The hysteresis comparator 13 is connected to the output of



25 on the basis of the generation interval of the signal Crg.
- 47 - When the rotation speed of the notor becones equal to
or _ hi gher than a predeterm ned speed, the rotation speed

detection circuit 45 switches a signal Psel from"L" to "H'
signal Psel is input to the |arge-pul se genggation 5

The

circuit 23a,

the. smal | - pul se generation circuit 23b, and the timer circuit B

32.

10

15

20

25

When the signal Psel is switched from"L" to "H', the

the voltage detection circuit 5. The hysteresis comparator
13 is constituted by an input resistor 13a, a feedback
resistor 13b, and inverters 13c and 13d. In this arrange-
ment, a hysteresis may be given to the reference potential
for checking crossing of the counter electromotive voltage
in order to detect the pole position.

If the hysteresis comparator is arranged in this manner
to delay the timing for detecting whether tﬂe counter
electromotive voltage crosses the reference potential, a
malfunction caused by the influence of an external magnetic
field or the like can be prevented. Further, even when a
physical shock or the like is applied to the motor, the
motor can rotate very stably.

The method of controlling output of the pulse immedi-
ately aftér the motor starts has been described above. A
method of outputting a pulse while the rotation speed of the
motor after it starts shifts from an acceleration state to
a constant-speed state will be described as +the third
embodiment.

This embodiment to be described is associated with a
means particularly effective for a motor having a load with
a large inertia, such as a flat weight for a date face or a
vibration alarm.

Fig. 22 is a block diagram showing the arrangement of

the third embodiment. A description of parts common to the



| ar ge- pul se generation circuit 23a starts outputting a si gnal
having a pul se width smaller than that of a previous- 10 - |y
generated signal. Wen the signal Psel is switched from "L" to
"H', the small-pulse generation circuit 23b starts outputting a
signal having a pulse width smaller than thaig - of a previously
generated signal. Wen the signal Psel is swtched from"L" to
"H', the timer circuit B 32 signal 15 switches the tinme (counter
el ectronoti ve vol tage detection time) having been neasured to a
shorter tine. Referring to Fig. 30, when a generation
interval Tp offlrSt and S?ﬁ@nélgﬁhpdémegtgeveﬁésbeqeanttgder Figl-| @3 timre a
pr edet er - m ned val ue, the signal Psel is switched from"L" to
"H'. 20 W@W%ﬁOFHecéﬁﬁﬁaﬁhpyépgb§b§n@§erﬁt10@ p&r Fé@-T@A24 s switched
to a shorter perlod Tpl' a Berlod Tp2 is switched to a

reference numeral 35 denotes a timer

circuit C for starting a timer operation in synchronism with
5 the fall of the signal OEl. When the signal OEl is at "L",
the timer circuit C 35 starts operation, outputs a signal

Cup after a predetermined time, and is reset by the signal

.

Ptrg. Reference numeral 36 denotes a counter circuit for

counting signals Cup from the timer circuit C 35, and

10 switching and outputting pulse width selection signals Psl

to PsN. Reference numeral 37 denotes a driving pulse

control circuit for changing thé width of the signal OEl on

the basis of the pulse width selection signals Psl to PsN.

A driving circuit 25', a counter electromotive voltage

15 detection circuit 41', and a motor 42' in Fig. 22 have the

same arrangements as those in Fig. 8 described in the prior

art. A description of the same arrangement as that in the
above-described second embodiment will be omitted.

In the initial state, the count value of the counter

20 circuit 36 is cleéred, and therefore the signal Psl is at

| "H". The driving pulse control circuit 37 changes the pulse

width of -a driving pulse signal to be output in accordance

with the signals Psl to PsN output from the counter circuit

36. In this case, the signal Psl is at "H", i.e.; a driving

25 pulse signal having the largest width is output immediately



shorter period Tp2', and a period Tp3 is switched to a shorter

period Tp3'. When the rotation speed of the notor increases,
the., 25 pulse width of a signal generated by the |arge-pulse

- 48 - generation circuit 23a, and that of a signal generated
by the smal | -pul se generation cirgyit 23b are set smaller

Wth this setting, the nunber of output driving pul se

after the start. As the "H"-level signal changes in the
order of the signals Ps2, Ps3,..., PsN (to be described
later), the pulse width of the driving pulse signal is
decreased.

5 The state wherein the motor starts upon reéeption of
the signal SS, i.e., a period (a) in Fig. 23 is the same as
in Fig. 9 described above, and a description thereof will be
omitted. |

In Fig. 23, when the rotation speed of the motor is

10 increased by the first and second pulses, the pulse width of
the driving pulse signal becomes excessive, as described

above. Crossing of the level Vb ffom the negative direction

to the positive direction, which is supposed to occur at the

time P in Fig. 23, does not occur, so no next driving pulse

15 signal is output.

When the signal OEl changes to "L", the timer circuit
C 35 starts a timer operation in the normal state, i.e., in
the state such as the period (a) in Fig. 23. The timer
circuit C 35 outputs no signal because it is reset by the

20 next signal Ptrg before the lapse of a predetermined timer

operation end time At set in advance. However, when the
signal Aout does not cross Vb, and no signal Ptrg'is output
the time At after the signal OEl falls, as during periods
(c) and (d) in Fig. 23, it is determined that the rotor 103

25 has already reached a position where the motor is driven by



signal s having the same phase after 180-rotation of the 5 rotor 103
can be decreased to nore rapidly accelerate and . stably rotate the
not qr . When the rotation speed of the nobtor increases, the
time (counter electronotive voltage detection tine) to be

measured by the tinmer circuit B 32 is shortened. Wth this 10

setting, the ratio of the counter el ectrendf ve voltage

detection tine to the driving pul se signal output tine can be set
Wi thin a predeterm ned range to nore rapidly accel e- rate and
stably rotate the notor. Wen the rotation speed of the notor

I ncreases, the,volta e‘%’evel of the counter. 15 l.ectra I.ve vol tage
ri ses, so tha&r}%en%}g%n etV eMecPro™® signal, o igtelevgll?%&e c(%lc lgt &' 58

Cejleégtcﬁ g?m\tN: J\[/gio\r/h& uztgsgratner“lﬁ)‘e-riggel pulse sigﬁ%ﬁortccj)i q'gllé/’sitghneaf ig&pgcoijggrelr
reception of the signal Cup, the counter circuit 36 counts
up an internal counter, and sets the signal Psl to "L" and

5 ' the signal Ps2 to "H". As a result, the signal OEl is
output as a driving pulse signal having a smaller pulse
width.

When the rotation speed of the motor reaches a certain
degree or more, or when a load having a largé inertia is

10 connected to the motor, as described above, even if no
driving pulse signal is output at the time P in Fig. 23,
rotation does not immediately stop though the rotation speed
slightly decreases. Therefore, if the next driving pulse
signal is output at time Q, rotation itself does not stop.

15 However, when the pulse width of the driving pulse output at
the time Q is equal to that of the previous driving pulse
signal, the rotation speed, which has decreased once due t6
the absence of the driving pulse signal at the time P,
undesirably increases again to'cguse the situation as shown

20 at the time P in Fig. 23 again. A further increase in
rdtation speed cannot be expected.

In this embodiment, when the waveform of the signal

Aout does not cross the bias voltage Vb within a predeter-

mined time upon outputting the driving pulse signal, the

25 pulse width of a driving pulse signal to be output next is



detection tine) to be nmeasured by the timer circuit B 32 can be

shortened. 20 The si xth enbodi nent of the present invention
will. be descri bed below. Fig. 31 is a block diagram showi ng the
arrangenment of the sixth enbodi ment. A description of parts

comon to the fifth enbodinment will be onitjed. Thi s
enbedinment is a nodification of the fifth enbodi- 25 ment. In the
fifth enbodi ment, the rotation speed detection

- 49 - circuit 45 is arranged to change, e.g., the pulse width
of

decreased. If the rotation speed of the motor increases in
this state, the same state as that at the time P in Fig. 23
also occurs. At this time, the above-described control is
performed to decrease the pulse width of the driving pulse
5 signal. By repeatedly performing the same control for the
pulse width of the driving pulse signal, the rotation speed
gradually increases, and is stabilized at the maximum
rotation speed. In this state, the driving pulse signal
does not have an excessive width. Therefore, since the
10 crossing point of the wéveform of the signal Aout over the
bias voltage Vb can be detected, the driving pulse can be
reliably output to attain stable rotation.
The motor is stopped by the signal ES, as described
above. Upon reception of the signal ES, the counter circuit
15 36 is reset to set the counter value to an initial state.
Since the signal Psl is at "H" in next driving of the motor,
a driving pulse signal having the largest width is output.
As described above, by employing the third embodiment,
a driving pulse signal having an optimal width is selected
20 in accordance with the rotation speed of the motor. The
motor can be rapidly accelerated and stably rotated, and the
rotation speed can be increased. In the description of this
embodiment, the driving circuit 25', the counter electr-
omotive voltage detection circuit 41', and the motor 42'

25 have the circuit configuration described in Fig. 8. Even



a signal generated by the |arge-pul se generation circuit 23a or

the like. In the sixth enbodi ment, a counter circuit B 47 is
arranged to change, e.g., the pulse width of a signal 5 gener at ed by
a |large-pul se generation circuit 23a, or the like. _

In this enbodi nent, the rotation speed of the motor is esti mat ed
by eounting the nunber of signals Cirg generated after the notor
starts rotation. That is, the rotation 10 speed of the notor is
esti mated based on the count val ue of the signals Ctrg because
the rotation speed of the notor I ncreases in accordance with the
nunber of sigridith (ghey circuit copéhgnastdonf ter Rilgs d6),orthes asame dhera-
counter circuit B 47 counts the nunber of signals Ctrg froma

pul se control tipm can beigktained, and when the count val ue reaches a
predet er m ned
Note that the third embodiment may employ an arrange-
ment like the one shown in Fig. 24. Fig. 24 is a block
5 diagram showing another arrangement of the third embodiment.
A description of the same arrangement as that shown in
Fig. 22 will be omitted. Fig. 25 is a waveform chart
showing the operation in Fig. 24.
In the block diagram of Fig. 24, a compensation pulse
10 formation circuit 38 is newly arranged. When no signal Ptrg
is output the time At after the signal OEl falls, as during
a period (d) in Fig. 25, the timer circuit C 35 outputs an
"H"-level pulse signal to the signal Cup. Upon recéption of
the signal Cup, the compensation pulse formation Circuit 38
15 outputs a compensation pulse signal FP. This signal FP is
input as the signal OEl to a driving control circuit 24
through an OR circuit. The output signal Q from the
flip-flop circuit 46 is switched from "H" to “"L" by the
signal Cup. As a result, the compensation pulse signal FP
20 is output as. the driving pulse signal for the signal Olin.
With this arrangement, even if no signal Ptrg is
output, the compensation Qulse signal FP can be output to
suppress a temporary decrease in speed.
The compensation pulse signal FP to be output desirably

25 has a pulse width smaller than that of a normal driving



val ue or nore, switches the signal Psel from"L" to "H'. Thi s

signal Psel is input to the |arge-pul se generation circuit 23a, a
smal. - pul se generation circuit 23b, and a timer circuit B 32.
When the stop signal ESis input to the 20 counter circuit B 47, the
count value of the counter circuit _ B 47 is reset. The remaining
operation is the sane as that in the fifth enbodi nent, and a
description thereof will be omtted. In the sixth
enbodi nent, since the rotation speed of 25 the motor is sinply

esti mat ed based on the count val ue of
pulse signal. ' When the width of the signal FP is larger,

the crossing timing of the signal Aout over the potential Vb

from the positive in the negative direction may be lost.

This can be prevented by setting the pulse width of the
5 compensation pulse siénal FP smaller.

The fourth embodiment of the present invention will be
described below. Fig. 26 is a block diagram showing the
arrangement of the fourth embodiment; A descfiption of
parts common to the second embodiment will be omitted.

10 Fig. 27 is a waveform qhart showing the operation in
Fig. 26, and Fig. 28 is an enlarged waveform chart for the
signal OE1l.

This embodiment is a modification of the second
embodiment described above. Referring to the waveform chart

15 | of the second embodiment in Fig. 19, in the second embodi-
ment, a plurality of driving pulse signals having the same
pulse width are output within the period t1 to enable
detection.of the counter electromotive voltage within the
period tl1. With this setting, however, the driving pulse

20 signal output time becomes short due to the counter electr-
omotive voltage detection time, and the time for supplying
a rotation energy to the motor (driving pulse signal output
time) is sacrificed, as is apparent from Fig. 19. For this
reason, to rapidly accelerate and stably rotate the motor,

25 this embodiment, i.e, the fourth embodiment is effective.



- 50 - the signals Ctrg, the sane effect as that of the fifth
enbodi nent can be obt ai ned. Further, since a circuit for

detecting the rotation speed of the notor can be omtted, t he
circuit can be sinplified. 5 The seventh enbodi ment of the
present invention will be describegh - Fig. 32 is a block diagram
showi ng the arrange- ment of the seventh enbodi nent. A
description of parts common to the fourth enbodi nent will be
omtted. Fig. 33 is a waveform chart showi ng the operation in
Fig. 32. 10 Thi s enbodi ment is another nodification of the
fourth enbodthiat edbodimbat, alodv@ perxiate $buinhFigbodl neduringe

the initial period when it is apparent that a rotor 103 has

not completely rotated through 180°, detection of the counter-

elect;pmotive voltage is not performed, and a driving pulse

5 signal having a relatively large pulse width is output to

prolong the time for supplying the rotation energy to the

motor (driving pulse signal output time). This embodiment
will be described in detail below.

In this embodiment, a waveform shaping circuit 23 is

10 constituted by a large-pulse generation circuit 23a and a

small-pulse generation circuit 23b, as shown in Fig. 26. A

timer circuit B 32 is reset and restarted in response to the

fall of the signal OEl, and outputs the signal Tup' after a

predetermined time. Upon reception of the signal Tup', a

15 pulse control circuit 27 outputs a signal Ctrg or Ptrg. The

pulse control circuit 27 outputs the signal Ctrg'when it

does not receive any signal PE or NE from a pole position

detection circuit 40' during the interval between input of

the previous signal Tup' and input of the latest signal

20 Tup', or outputs the signal Ptrg when it receives the signal

PE or NE. The waveform-shaping circuit 23 outputs a signal

OEl having a relatively large pulse width when it receives

the signal Ctrg, or outputs a signal OEl having a relatively

small pulse width when it receives the signal Ptrg. The

25 signal Ctrg is also input to a flip-flop circuit 46 to



pul se control circuit 27 outputs the signal Crg or Ptrg only

when it receives the signal Tup' fromthe timer circuit B 32. In
t he,si xth enbodi ment, a pulse control circuit 27 15 out puts the
signal Ptrg imediately after it receives the signal PE or NE
froma pole position detection circuit 40.,45 - and outputs the
signal Ctrg when it receives the signal Tup’ froma timer circuit
B 32 without receiving any signal PE or NE fromthe pole position
detection circuit 40'. 20 In this enbodiment, the signals PE
and NE fromthe pole position detection circuit 40" are input to
the timer switch dihecgiigrial3? Obinesntl 02dnt.i neWheThthee pmilisengontrol
operation is the sane as that in the fourth enbodi nent, and a

description circuit 2herecéives| the crignal. SS251it outputs Abeorslignpl o
this enbodinent, as is apparent from
Ctrg unconditionally. The timer circuit B 32 is reset in
response to the fall of the signal OEl.
5 With the arrangement in Fig. 26, control as shown in
Fig. 27 can be perfo;med. Referring to the period tl1 in
Fig. 27, a driving phlse signal having a relatively large
pulse width is first output once, and then a driving pulse
signal having a relatively small pulse width is output.
10 Referring to Fig. 28, a signal having a relatively large
pulse width is output as the signal OEl during a period tpl,
and a signal having a relatively small pulse width is output
during a period tp3 after a period tp2.
As described above, in this embodiment, of the period
15 tl in Fig. 27, during the period when it is apparent that
the rotor 103 has not completely rotated through 180°,
detection of the counter electromotiﬁe voltage 1is hnot
performed, and a driving pulse signal having a relatively
large pulse width is output to prolong the time for supply-
20 ing the rotation energy to the motor (driving pulse signal
output time). The motor can be rapidly accelerated and
stably rotated.
The fifth embodiment of the present invention will be

described below. Fig. 29 is a block diagram showing the

25 arrangement of the fifth embodiment. A description of parts



- 51 -
time

Fig. 33, the counter electronotive voltage detection
can be further shortened to-nore rapidly accelerate and

stably.rotate t he notor. The ei ght h enbodi nent of the

pr esent

invention will be 5 described. Fig. 34 is a block diagram

show ng the arrange- ment of the gggbth enbodi nment. A
description of parts common to the second enbodi nent will be
omtted. Fig. 35 is a waveform chart showi ng the operation in

Fig. 34.

10
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20

25

common to the fourth embodiment will be omitted. Fig. 30 is
a waveform chart showing'the operation in Fig. 29.

This embodiment is a modification of the fourth
embodiment. In the fourth embodiment, the pulse width of a
signal generated by the large-pulse generation circuit 23a,
that of a signal generated by the small-pulse generation
circuit 23b, and the times (e.g., t3, t4, and t5) measured
by the timer circuit B 32 are always constant. However,
since the length of the period tl shown in Fig. 27 changes
in accordance with the rotation speed of the motor, the
motor can be more rapidly accelerated and stably rotaﬁed by
changing these values in accordance with the rotation speed
of the métor.

In this embodiment, the pulse width of a signal
generated by a large-pulse generation circuit 23a, that of
a signal generated by a small-pulse generation circuit 23b,
and the time measufed by a timer circuit B 32 can be changed
in accordance with the rotation speed of the motor.

In this embodiment, a rotation speed detection circuit
45 is newly arranged as shown in Fig. 29. The rotation
speed detection circuit 45 calculates the generation
interval of the signal .Ctrg from a pulse contfol circuit 27
by using a signal from a frequency division circuit 22 as a
reference clock, and obtains the rotation speed of the motor

on the basis of the generation interval of the signal Ctrg.



Thi s enbodi nent is associated with danping control in 10 _ st oppi ng
the notor. A danping pul se generation circuit 50 . ~ is added to the
arrangenment of the second enbodi nent shown _ in Fig. 18.
A pul se control circuit 27 normally outputs the signal Ptrg upon
reception of the signal Tup'. Wien it recelvgp _15 ~ the stop signal
ES,-sit outputs a signal Etrg. Upon recep- - tion of the signal
Etrg, the danping pul se generation circuit 50 outputs an "H'
signal Ep. The signal Ep is input as the signal CEl to a driving
control circuit 24 through an OR circuit. The signal Ep is
directly i nputWhent fhedrigkagionospeed aforhe| meterubecenesanequakd too or
det er mi ne whet her_ the signal Ainor Qinis output. -That is,
the signal OE1highasrnihgp a predeteypined =mpedd sithel mtatigren speed
out put signal Q froma
detection circuit 45 switches a signal Psel from "L" to "H".
The signal Psel is input to the large-pulse generation
5 circuit 23a, the small-pulse generation circuit 23b, and the
timer circuit B 32.
When the signal Psel is switched from "L" to "H", the
large-pulse generation circuit 23a starts outputting a
signal having a pulse width smaller than that of a previous-
10 ly generated signal. When the signal Psel is switched from
"L" to "H", the small-pulse generation circuit 23b starts
outputting a signal having a pulse width smaller than that
of a previously generated signal. When the signal Psel is
switched from "L" to "H", the timer circuit B 32 signal
15 switches the time (counter electromotive voltage detection
time) having been measured to a shorter time.
Referring to Fig. 30, when a generation interval Tp of
the signal Ctrg becomes equal to or smaller than a predeter-
mined value, the signal Psel is switched from "L" to "H".
20 When the signal Psel becomes "H", a period Tpl is switched
to a shorter period Tpl', a period Tp2 is switched to a
shorter period Tp2', and a period Tp3 is switched to a
shorter period Tp3'.

When the rotation speed of the motor increases, the

25 pulse width of a signal generated by the large-pulse



flip-flop circuit 46 is at "L", and as the signal Q2in when t he

out put si gnal

Qis at "H'. \Wen the signal Ep is at 25 "H', this

out put destination is reversed.

- 52 -
circuit
Tup’:

Referring to Fig. 35, after the pulse control
27 receives the stop signglg ES, it receives the signal
at the tine Qto output the signal Etrg. After the tine Q

the output signal Qfromthe flip-flop circuit 46 is at "L

10

15

20

25

generation circuit 23a, and that of a signal generated by
the small-pulse generation circuit 23b are set smaller.
With this setting, the number of output driving pulse
signals having the same phase after 180°-rotation of the
rotor 103 can be decreased to more rapidly accelerate and
stably rotate the motor.

When the rotation speed of the motor increases, the
time (counter electromotive voltage detection time) to be
measured by the timer circuit B 32 is shortened. With this
setting, the ratio of the counter electromotive voltage
detection time to the driving pulse signal output time can
be set within a predetermined range to more rapidly accele-
rate and stably rotate the motor. -When the rotation speed
of the motor increases, the voltage level of the counter
electromotive voltage rises, so that the counter électro—
motive voltage can be detected within a shorter period.
Accordingly, the time (counter electromotive voltage
detection time) to be measured by the timer circuit B 32 can
be shortened.

The sixth embodiment of the present invention will be
described below. Fig. 31 is a block diagram showing the
arrangement of the sixth embodiment. A description of parts
common to the fifth embodiment will be omitted.

This embodiment is a modification of the fifth embodi-

ment. In the fifth embodiment, the rotation speed detection



5 At this tine, since the signal Ep is at "H', a danping pul se
signal PSE is output as Q2in. ‘ According to this enbodi ment
having this arrangenent, the notor can be nore quickly stopped at
a desired position. As has been described above, according
to the present 10 invention, nore reljgble starting characteristics
of t+he not or can be attained by the first and second enbodi nents,
while nore rapid accel eration and stable rotation perfor- ~mance
can be attained by the third enbodi nent. Al though the first,
second, and third enbodi rents have separately been 15 descrtbed,
t hey can be coﬁbFﬁBHtté5ré§IHF?Q§QQQMﬁQTQR§ﬁQ¢r e.g., the pudse ndidhh of
driving circuit. _ In the present invention, - hlgh:spegg, .
| ar ge-t or que r3t&ioBAL dWeNeFRted hhdhatlargemnpulse generdsel o ativeei by23n
si npl e system arrangenent w t hout changi ng
or the like. 1In the sixth embodiment, a counter circuit B
47 is arranged to change, e.g., the pulse width of a signal
5 generated by a large-pulse generation circuit 23a, or the
like.

In this embodiment, the rotation speed of the motor is
estimated by counting the number of signals Ctrg generated
after the motor starts rotation. That is, the rotation

10 speed of the motor is estimated based on the count value of
the signals Ctrg because the rotation speed of the motor
increases in accordance with the number of signals Ctrg
generated after the motor starts. The counter circuit B 47
counts the number of signals Ctrg from a pulse control

15 circuit 27, and when the count value reaches a predetermined
value or more, switches the signal Psel from "L" to "H".
This signal Psel is input to the large-pulse generation
circuit 23a, a'small—pulse generation circuit 23b, and a
timer circuit B 32. When the stop signal ES is input to the

20 counter circuit B 47, the count value of the counter circuit
B 47 is reset. The remaining operation is the same as that

in the fifth embodiment, and a description thereof will be

omitted.

In the sixth embodiment, since the rotation speed of

25 the motor is simply estimated based on the count wvalue of



the structure of a conventional -flat bipolar notor. 20
[ I ndustri al .

utilized for

Applicability] . . . be
every el ectronic device using a notor, in addition

The present invention can be

to an el ectron- ic tinepiece. Its utility value is particularly

high in

53 -

10

15

20

25

25

el ectroni c devices which_rgguire a size reduction. The

present invention exhibits an enhanced effect on a size

the signals Ctrg, the same effect as that of .the fifth
embodiment can be obtained. Further, since a circuit for
detecting the rotation speed of the motor can be omitted,
the circuit can be simplified.

The seventh embodiment of the.present invention will be
described. Fig. 32 is a block diagram showing the arrange-
ment of the seventh embodiment. A description of parts
common to the fourth embodiment will be omitted. Fig. 33 is
a waveform chart showing the operation in Fig. 32.

This embodiment is another modification of fhe fourth
embodiment described above. In the fourth embodiment, the
pulse control circuit 27 outputs the signal Ctrg or Ptrg
only when it receives the signal Tup' from the timer circuit
B 32. In the sixth embodiment, a pulse control circuit 27
outputs the signal Ptrg immediately after it receives the
signal PE or NE from a pole position detection circuit 40°',
and outputs the signal Ctrg when it receives the signal Tup'
from a timer circuit B 32 without receiving any signal PE or
NE from the pole position detection circuit 40°'.

In this embodiment, the signals PE and NE from the pole
position detection circuit 40' are input to the timer
circuit B 32 to reset the timer. The remaining operation is
the same as that in the fourth embodiment, and a description
thereof will be omitted.

According to +this embodiment, as is apparent from



reduction in notor driving apparatus and a decrease in power consunption.

-54- CLAI MS 1 1. A notor
driving apparatus conprising a stepping notor 2 constituted by a

stator with at |least two poles, a rotor 3 havi ng a per manent nagnet
with at least two poles, and a 4 driying coil magnetically coupled

to said stator,

10

15

20

25

driving

Fig. 33, the counter electromotive voltage detection time
can be further shortened to more rapidly accelerate and
stably rotate the motor.

The eighth embodiment of the present invention will be
described. Fig. 34 is a block diagram showing the arrange-
ment of the eighth embodiment. A description of parts
common to the second embodiment will be omitted. Fig. 35 is
a waveform chart showing the operation in Fig. 34.

This embodiment is associated with damping control in
stopping the motor. A damping pulse generation circuit 50
is added to the arrangement of the second embodiment shown
in Fig. 18.

A pulse control circuit 27 normally outputs fhe signal
Ptrg upon reception of the signal Tup'. When it receives
the stop signal ES, it outputs a signal Etrg. Upon recep-
tion of the signal Etrg, the damping pulse generation
circuit 50 outputs an "H" signal Ep. The signal Ep is input
as the signal OEl to a driving control circuit 24 through an
OR circuit. The signal Ep is directly input to the driving
control circuit 24, and used to determine whether the signal
0lin or 02in is output. That is, the signal OEl is normally
output as the signal 0lin when the output signal Q from a
flip-flop circuit 46 is at "L", and as the signal 02in when
the oﬁtput signal Q is at "H". When the signal Ep is at

"H", this output destination is reversed.



5 pul se generation neans for outputting a driving pulse signal 6

for driving said stepping notor; a driving circuit for 7 suppl yi ng
a driving current to said driving coil on the 8 basi s of the signal
fromsaid driving pul se generation 9 means, a voltage detection
circuit for detecting a counter 10 glg?tgonntive vol t age gener at ed
upon rotation of said rotor, 11 and pole position detection neans
for detecting a pole 12 position of said rotating rotor with respect
to said rotor 13 on the basis of a detection signal generated by
said voltage 14 detection circuit, said driving pulse generation
means 15 conRedldnmighgantauF pgit 35 m afiter the gulwengontiseEl scipation
16 the basis of the detection signal fromsaid pole position 17

det ecti on neang7 clemedotesy ithed stop hitgresll Efoliet postdives tile signal Tup'
detection nmeans stops outputting the driving pul se signal on
at the time Q to output the signal Etrg. After the time Q,
the output signal Q from the flip-flop circuit 46 is at "L".
5 At this time, since the signal Ep is at "H", a damping pulse
signal PSE is output as 02in.
According to this embodiment having this arfangement,
the motor can be more quickly stopbed at a desired position.
As has been described above, according to the present
10 invention, more reliable starting characteristics of the
motor can be attained by the first and second embodiments,
while more rapid acceleration and stable rotation perfor-
mance can be attained by the third embodiment. Although the
first, second, and third embodiments have separately been
15 described, they can be combined to realize a higher-perfor-
mance motor driving circuit. In the present invention,
high-speed, large-torque rotation driviqg of the motor can
be realized by a simple system arrangement without changing
the structure of a conventional flat bipolar motor.
20
[Industrial Applicability]
The present invention can be wutilized for every
electronic device using a motor, in addition to an electron-
ic timepiece. Its utility value is particularly high in

25 electronic devices which require a size reduction. The



19 the basis of the detection signal fromsaid voltage detec- 20

tion circuit which is detected during an output period of 21 t he
driving pul se signal, and outputs a driving pulse signal 22 havi ng a
phase opposite to that of the driving pulse signal. 1 2¥1 A notor
driving apparatus according to claim 1. g3 - -
55 - 2 characterized in that the pole position is detected by

3 detecting the counter electronotive voltage generated at a 4

detection coil coaxially wound on said driving coil by using

present invention exhibits an enhanced effect on a size
reduction in motor driving apparatus and a decrease in power

consumption.



5 said pole position detection neans. 1 3. A notor

driving apparatus accordi.ng to claim 2, 2 characterized in
that the pole position is detected on the 3 basis—of a result of —
conpari son bet vveen t he counter el ectr- 4 oHrDtl\HsE;y ,La&\? Rt ed SG
by said po I on det ectlon - g®ans and a prede er‘r'ﬁ ne
potenti.al . heetHasBeexthe laged nptor driving appaf igesc* amnordrw?dg....t Qo pa
claim 3 mterlzed in that the p H@Jmn d,q-“,pb Q{) z,\d b\
for jl“ e pole position includg E]ﬁr pl u;\gl | t of "'Se

pot e . A notor 4 tﬁs*“daccortﬂlpﬁ%}d -------

to claim 1
circuit is
| evel at
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drivim E bF
char act er| zedCih BhatMs§i ¢ "é&je ¢leegsdt.i.on to paged

3 constituted by bias neans f or—brastRg—a—peteniial

Pv

one termnal of said driving coil to an internediate

1. A motor driving apparatus comprising a stepping motor
constituted by a stator with at least two poles, a rotor
having a permanent magnet with at least two poles, and a
driving coil magnetically coupled to said stator, driving
pulse generation means for outputting a driving pulse signal
for driving said stepping motor, a driving circuit for
supplying a driving current to said driving coil on the

basis of the signal from said driving pulse generation

"means, a voltage detection circuit for detecting a counter

electromotive voltage generated upon rotation of said rotor,
and pole position detection means for detecting a pole
position of said rotating rotor with reépect to said rotor
on the basis of a detection signal generated by said voltage
detection circuit, said driving pulse generation means
controlling an output timing of the driving pulse signal on
the basis of the detection signal from said pole position
detection means, characterized in that said pole position
detection means stops outputting the driving pulse signal on
the basis of the detection signal from said voltége detec-
tion circuit which is detected during an output period of
the driving pulse signal, and outputs a driving pulse signal
having a phase opposite to that of the driving pulse signal.

2. A motor driving apparatus according to claim 1,

) 0



5 potential of a power supply voltage, and a voltage detection 6
circuit for de%ettfng’“é—éﬁﬁﬁfgg el ectronotive voltage 7

generated at thg ggﬁﬁjﬁﬂm mtedof said driving coil, said 8:
driving pul se ge outputs a driving pulse 9 si gha
constituted by a m am pul se group. hgying a 10 plurality
of -4 dl e peri ods, Ol'e position detection 11 nmeans st ops
the driving pul se S|gnal on the basis of a 12 result of conparison
bet ween the detection signal fromsaid
- 56 - 13 vol tage detection circuit which is detected during the
2 characterized in that the pole position is detected by
3 detecting the counter electromotive voltage generated at a
4 detection coil coaxially wound on said driving coil by using
5 said pole position detection means.
1 3. A motor driving apparatus according to claim 2,
2 characterized in that the pole position is detected on the
53 basis of a result of comparison between the counter electr-
£ omotive voltage detected by said pole position detection
> means and a predetermined potential.
1 4. A motor driving apparatﬁs according to claim 3,
2 characterized in that the predetermined potential for
3 detecting the pole position includes a plurality of set
4 potentials.
1 5. A motor driving apparatus according to claim 1,
2 characterized in that said voltage detection circuit is
“3 constituted by bias means for biasing a potential level at
4 : one terminal of said driving coil to an intermediate
5 potential of a power supply voltage, and a voltage detection
6 circuit for detecting a counter electromotive voltage
7 generated at the other terminal of said driving coil, said
8 driving pulse generation means outputs a driving pulse
9 signal constituted by an intermittent pulse group having a
10 plurality of idle periods, and said pole position detection
11 means stops the driving pulse signal on the basis of a
12 result of comparison between the detection signal from said

LA



14 plurality of idle periods, and the internedi ate potential, 15
and outputs a driving pul se signal having a phase oppost+te—16- to
that of the stopped driving pulse. 1 6. A notor rjvin
apparatus according to claim 5, 2 characteri M Renlaced
pole position is detected on the 3 - spis of crosgi Hu " nt er
el ectronotive vol tage detected by said pol e pogi n
means over a 5 predeterm ned potential. 1 7. A notor
driving apparatus according to claim 6, 2 characterized in
that, _the predeterm ned potential for 3 detecting the pole
posi t3 on i ncl usektage| deltection sdircuit whichpoignidetected duringgthe A
nDtQL driving apparatus according to claim 5, 2 characteri zed
4t
15

int t he drelerelptysefsigdal pegiisds.utand the intermediate potential,
and outputs a driving pulse'signal having a phase opposite

16 to that of the stopped driving pulse.
1 6. A motor driving apparatus according to claim 35,
2 characterized in that the pole position is detected on the
basis of crossing of the counter electromotive voltage

detected by said pole position detection means over a

5 predetermined potential.

1 7. A motor driving apparatus according to claim 6,
2 characterized in that the predetermined potential for
3 detecting the pole position includes a plurality of set
4 potentials.

1 8. A motor driving apparatus according to claim 5,
2 characterized in that the driving pulse signal constituted
3 by the intermittent pulse group is constituted by a plurali-
4 ty of pulse groups having different pulse widths.

1. 9. A motor driving apparatus according to .claim 8,
2 characterized in that the driving pulse signal constituted
3 by the intermittent pulse group is constituted by a first
4 pulse having a large pulse ﬁidth, and a second pulse group
5 having a pulse width smaller than that of the first pulse.
1 10. A motor driving apparatus according to claim 9,
2 characterized in that the pulse width of the'first pulse
3 changes in accordance with a rotation speed of said xotor.

| A |!Il



3 by the intermttent pulse group is constituted by a pIurall- 4

ty of pul se groups having different pulse widths. 1 . Aot or
drining apparatus according to claim 8, 2 égﬁ&gﬁggggkk ced
that the driving pul se signal constituted 3 by t
pul se group is constituted by a first 4 _ g7 —pulse hava mma
w dth, and a second pul se group 5 havi ng a pul se han
that of the first pulse. 1 10. A notor driving apparatus
according to claim 9, 2 ~ characterized in that the pul se width of
the first pulse 3 changes in accordance with a rotation speed of
saidlrotor. 11. A motor driving apparatus according to claim 9,
2 characterized in that the pulse width of the first pulse
3 changes in accordance with the output number of driving
4 pulses upon start of said rotor.
1 12. A motor driving apparatus according to claim 9,
2 characterized in that the pulse width of the second pulse
3 changes in accordance with a rotation speed of said rotor.
o 13. A motor driving apparatus according to claim 9,
2 characterized in that the pulse width of the second pulse
3 changes in accordance with the output number of driving
4 pulses upon start of said rotor.
1 . l14. A motor driving apparatus according to claim 10,
2 characterized in that the first pulse changes to decrease
3 the pulse width along with an increase in rotation speed of
4 said rotor.
1 15. A motor driving apparatus according to claim 11,
"2 characterized in that the first pulse changes to decrease
3 the pulse width along with an increase in number of output
4 driving pulses upon the start of said rotor.
1 16. A motor driving apparatus according to claim 12,
2 characterized in that the second pulse changes to decrease
3 the pulse width along with an increase in rotation speed of
4 said rotor.
1 17. A motor driving apparatus according to claim 13,
2

characterized in that the second pulse changes to decrease

AR L



57 1 11. A notor driving apparatus according to claim 9,

2 characterized in that the pulse width of the frrst—pulse 3

changes in accordance with the output number of driving is sh pul ses

upon start of said rotor. 1 12. A notor driving laced
according to claim 9, 2 characterized in that J of
t he"second pulse 3 changes in accordatte with a r f

said rotor. 13. A notor driving apparatus according to
claim 9, 2 characterized in that the pulse width.of the second
pul se 3 changes in accordance with the output nunber of driving 4

pul se3 upon st afHe PuBbsk Gyi@ER alohg with ak?-indrdBES A 28PabALESt
according to claim 10,

4 driving pulses upon the start of said rotor.
1 18. A motor driving apparatus according to claim 5,
2 characterized in that the idle period widths of the plurali-
3 ty of idle periods of the driving pulsé signal constituted
4 by the intermittent pulse group change in accordance with a
ﬂf} rotation speed of said rotor.
ﬂ‘ 19. A motor driving apparatus according to claim 5,
2 characterized in that the idle period widths of the plurali-
3 ty of idle periods of the driving pulse signal constituted
4 by the intermittent pulse group change in accordance with
5 the number of output pulses upon start of said rotor.
1 20. A motor driving apparatus according to claim 18,
2 characterized in that the idle period widths change to
3 decrease the widths along with an increase in rotation speed
“af of said rotor.
ui 21. A motor driving apparatus according to claim 19,
2 characterized in that the idle period widths change to
3 decrease the widths along with an increase in number of
4 output driving pulses upon the start of said rotor.
1 22. A motor driving apparatus according to claim 1,
2 characterized in that said motor driving apparatus comprises
3 a timer circuit for measuring a predetermined time after
4 said driving pulse generation means outputs a starting
5 pulse, and then generating a timer signal, and when no

R



2 characterized in that the first pulse changes to decrease 3

the pulse wwdth along wwth an increase in rotation speéd of salr d
rotor. 1 15. A notor driving apparatus accordlmsheetgh@eeak ﬂaced 2
characterized in that the first pulse changes to decrease

pul se width along with an increase in nunber sgf _out put

pul ses upon the start of said rotor. 1 16. A m)t

apparatus according to claim 12, 2 characterized in that the
second pul se changes to decrease 3 the pul se width al ong with an
increase in rotation speed of 4 said rotor. 1 A not or
dri vﬁﬁ appar detedan Figpab ¥ gaperatedoby said d??bll%cﬁ%ﬁ”r"ih@lnl detasar

t he s,econd pul se changes to decrease
tion means the predetermined time after output of the

8 starting pulse is started, said driving pulse generation
9 means stops outputting the starting pulse in accordance with
10 a timer signal output from said timer circuit, and outputs
11 a driving pulse signal having a phase opposite to that of

12 the starting pulse.

(:z:' 23. A motor driving apparatus comprising a stepping motor
2 constituted by a stator with at least two poles, a rotor
3 having a permanent magnet with at least two poles, and a
4 driving coil magnetically coupled to said stator, driving
5 pulse generation means for outputting a driving pulse signal
6 for driving said stepping motor, a driving circuit for
7 supplying a driving current to said driving coil on the
8 basis of the signal from said driving pulse generation

) 9 means, a voltage detection circuit for detecting a counter

£

S0 electromotive voltage generated upon rotation of said rotor,
11 and pole position detéction means for detectihg a pole
12 position of said rotating rotor with respect to said rotor
13 on the basis of a detection signal generated by said voltage
14 detection circuit, said driving pulse generation means
15 controlling an output timing of the driving pulse signal on
16, the basis of the detection signal from said pole position
17 detection means, characterized in that said motor driving
18 apparatus further comprises a timer circuit for generating

LR A



- 58- 3 the pulse width along with an increase in nunber of out put
4 driving pul ses upon the start of said rotor. 1 18. A

noter driving apparatus according to claim 5, 2 ThisSheaHatheﬁmgllaZﬁd

in that the idle period widths of the plurali- 3 t ds
of the driving pul se signal constituted 4- 60 - by the i se
salrd ro :

group change in accordance with a rotation speed O ¢

1 19. A notor driving apparatus according to claim 5,
19 a timer signal a predetermined time after said driving pulse
20 generation means outputs the driving pulse signal, and when
21

no detection signal is generated by said pole position

22 detection means the predetermined time after output of the
23 driving pulse signal is started, said driving pulse genera-
24 tion means sets a pulse width of a driving pulse signal to
‘?5 be output next to smaller than that of the previously output
L6 driving pulse signal.

1 24. A motor driving apparatus according to claim 23,
2 characterized in that, when no detection signal is generated
3 from said pole position detection means the predetermined
4 time after output of the driving pulse signal is started,
5 said driving pulse generation means outputs a compensation
6 pulse signal having a polarity opposite to that of the
7 driving pulse signal.

1 25. A motor driving apparatus according to claim 24,
) characterized in that the compensation pulse signal has a
3 pulse width smaller than that of the driving pulse signal.
1 26. A motor driving apparatus according to claim 1 or 23,
2 characterized by further comprising damping pulse generation
3 means for outputting a damping pulse signal in order to stop
4 rotating said stepping motor, said damping pulse generation
5 means controlling an output timing of the damping pulse
6 signal on the basis of the detection signal from said pole

7 position detection means.

R ) ) R



2 characterized in that the idle period wiwdths of the plurali- 3
ty of idle periods—ef—thedriving purse signal constituted 4 by the

intermttent pulse %Qgpee BES Reflacggcor dance with 5 t he nunber of
out put pul ses upon s ! tor. 1 20. A notor driving
apparatus according ﬂm‘ “ﬁmﬂgin 2 - gxharacterized in that the idle
peri od wi dt hs change ecrease the widths along with an

increase in rotation Speed of said rotor. 1 21. A notor
driving apparatus according to claim 19, 2 characterized in that
the jdle period widths change to 3 decrease the widths along wth

an increase i ”2humbBr BPton  drivinggRRARATYS nRGRARING ndP t LAkl 260f
said,rotor. 1 22. A, motor driving,K apparatus  according to
clain 1, 2 charactagizeteinzthatnthpataBRingnbudpedrignfd dfpampt in

conp§ i ses

a direction in which said stator is excited to a polarity

4 opposite to a magnetic pole of said rotor.

1 28. A motor driving apparatus according” to claim 26,
2 characterized in that the damping pulse signal -is output
'3“ with a pulse width larger than that of fhe driving pulse

signal for driving said stepping motor.
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-59-
det ec-

7

atimer circuit for measuring a predetermned tinme after 4
said driving pul se generation neans outputs a starting 5 pul se, and
t hensgenerating a tiner signal, and when no

6

detection signal is generated by said pole position
tion nmeans the predeterm re®2ti-nme after output of the 8

starting pulse is started, said driving pul se generation 9 nmeans
stops outputting the starting pulse in accordance with a timer

si gnal

10

15

20

25

output fromsaid tinmer circuit, and outputs

ABSTRACT

It is an object of this invention to attain reliable
starting characteristics and stable rotation performance of
a motor in a motor of a phase synchronization driving type.

To achieve this object, according to this invention,
there is provided a motor driving apparatus having a
stepping motor constituted by a stator with at least two
poles, a rotor having a permanent magnet with at.least two
poles, and a driving coil magnetically coupled to the
stator, a driving pulse generation means for outputting a
driving pulse signal for driving the stepping motor, a
driving circuit for supplying a driving current to the
driving coil on the basis of the signal from the driving
pulse generation means, a voltage detection circuit for

detecting a counter electromotive voltage generated upon

rotation of the rotor, and a pole position detection means

for.detecting the pole position of the rotating rotor with
respect to the rotor on the basis of a detection signal
generated by the voltage detection circuit, the driving
pulse generation means controlling the output timing of the
driving pulse signal on the basis of the detection signal
from the pole position detection means, characterized in
that the pole position detection means stops outputting the

driving pulse signal on the basis of the detection signal



11 a driving pul se signal having a phase opposite to that of 12

the starting pul se. 23. A notor driving apparatus conprising a
stepping notor 2 : constituted by a stator with at |east two poles, a
rotor 3 havi ng a pernmanent magnet with at |least two poles, and a 4
driving coil magnetically coupled to saidst&Bor, driving 5 pul se
generation nmeans for outputting a driving pulse signal 6 . for
driving said stepping notor, a driving circuit for 7 supplying a
driving current to said dr|V|ng coil on the basis of the signa

(rom 8100 vk gy o5 e a0 00 P curctangy el %%ggzegaz#éﬁra%

upon rotat 00 BlooShebug! Shrsodlon s, Wk EES PSP BlotelocLhdl UERY

to said rotor a dr1v1ng pulse signal having a phase opposite to that of
the driving pulse signal.

5 According to this invention, reliable starting charac-
teristics, rapid acceleration, and stable rotation perfor-
mance of the motor can be attained. By combining respective
embodiments, a higher-performance motor driving circuit can
be realized. Further, in +this invention, high-speed,

10 large-torque rotation driving of the motor can be realized

by a simple system arrangement without changing the struc-

ture of a conventional flat bipolar motor.



13 i \" on the basis of a detection si gnal generated by said voltage 14
..detection circuit, said driving pulse generation means 15 .
“controlling an output timng of the driving pyrse=stgn

basis of the detection signal fromsaid pole gosj %ﬁA&EWN{fﬁEE tec$(?
means, characterized in that said notorssdrivirlg ?,vmmon Eggy sp"l‘gfd
conprises a tinmer circuit for generating aira(s) god wh to paged ..

- 60- 19 a tinmer signal a predeternired Draveﬁa&s} epagsdi-o- ﬂ’rp%geﬁg
pul se CLAIMS : O Abstract  :paged....to paged.....

DATE OF RECEIPT.220?194....

1. A motor driving apparatus comprising:

a stepping motor constituted by a stator with at least two poles,

a rotor having a permanent magnet wﬂ:h at least two poles, and

a driving coil magnetically coupled to said stator,

driving pulse generation means for outputting a driving pulse signal for driving said
stepping motor, _

a driving circuit for supplying a driving cﬁrrent to said driving coil on the basis of the.
signal from said driving pulse generation means,

— a voltage detection circuit for détecting a counter electromotive voltage generated

upon rotation of said rotor, and

pole position detection means for detecting a pole position of said rotating rotor with
respect to said rotor on the basis of a detection signal generated by said voltage detection
circuit,

said driving pul;é generation means controlling an output timing of the driving pulse
signal on the basis of the detection signal ﬁofn said pole detection means,

* characterized in that

said_ﬂ_pole'position detection means stops outputting the driving pulse signal on the
basis of the detection signal from said voltage detection circuit which is detected during
an output period of the driving pulse signal, and outputs a driving pulse signal having a

W} phase opposite to that of the driving pulse signal, and

the pole position is detected by detecting the counter electromotive voltage generated

at a detection coil coaxially wound on said driving coil by using said pole position

detection means.
2. A motor dnvmg apparatus according to claim 1, characterized in that the pole position

is detected on the basis of a result of comparison between the counter electromotive

voltage detected by said pole position detection means and a predetermined potential.
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~20 generation means outputs the driving pul se signal, and when 21

..no detection signal is generated by said pole position 22 det ection
“means the predetermined tinme after output of the 23 driving pul se
signal is started, said driving pul se genera- 24 tion nmeans sets a
pul se width of a driving pul se signal tgs 25 be out put next to
smal l er than that of the previously output 26 driving pul se signal.
1 24. A notor driving apparatus according to claim?23, 2

char act eBi zed A motdn dtiyingtapparatns dedoeding eoclaingPaihatastetjesitinahatdhe

said pole positio det ectj on s the predeterm ne 4 . tinme after
out put of thePH@f Fﬁﬂle apieg tl%lqeﬁh‘gqte‘it’?gél? @ position mdludesaglg;agt;ﬂpx%qyp ng pul se
generati on NepBenfatout s a conpensati on pul se signal having a
polarity oppoSite to that of the 7 drivi ng pul se signal.

4. A motor driving apparatus comprising:

a stepping motor constituted by a stator with at least two poles,

a rotor having a permanent magnet with at least two poles, and

a driving coil magnetically coupled to said stator,

driving pulse generation means for outputting a driving pulse signal for driving said
stepping motor,

a driving circuit for supplying a driving current to said driving coil on the basis of the
signal from said driving pulse generation means,

a voltage detection circuit for detecting a counter electromotive voltage generated
upon rotation of said rotor, and

pole position detection means for detecting a pole position of said rotating rotor with
respect to said rotor on the basis of a detection signal generated by said voltage detection
circuit,

said driving pulse generation means controlling an output timing of the driving pulse
signal on the basis of the detection signal from said pole detection means,

characterized in that

said pole position detection means stops outputting the driving pulse signal on the
basis of the detection signal from said voltage detection circuit which is detected during
an oufput period of the driving pulse signal, and outputs a driving pulse signal having a
phase opposite to that of the driving pulse signal, and

said voltage detection circuit is constituted by bias means for biasing a potential level
at one terminal of said driving coil to an intermediate potential of a power supply voltage,
and a voltage detection circuit for detecting a counter electromotive voltage generated at
the other terminal of said driving coil, said driving pulse generation means outputs a
driving pulse signal constituted by an intermittent pulse group having a plurality of idle
periods, and said pole position detection means stops the driving pulse signal on the basis

of a result of composition between the detection signal from said voltage detection circuit

IR 20 OEC g9

AMENDED _ SHEET _ ll

oeacmvaise s wome

from



-

"1 25. A notor driving apparatus according to claim?24, 2

..charfacterized in that the conpensation pulse signal has a 3 pul se

"width smaller than that of the driving pulse signal. 1 26. A notor
driving apparatus according to claim1 or 23, 2 characterized by
further conprising danpi ng pul se generagi on 3 means for outputting
a danping pulse signal in order to stop 4 rotating said stepping
not or, sai d danping pul se generation 5 means controlling an out put

timng of Mlécl_dimqstm@dphlﬁng theplurality of idle periodspmd the intersieliaté pdtbmtiadctnect i on
_S '9 g?l f r O 6lli,l’tsda Rr?xlii%g pllee signal haei%élatp ast o%%togl’?et o that %?a{slass'topped driving pulse.

S. A motor driving apparatus according to claim 4, characterized in that the pole position
is detected on the basis of crossing of the counter electromotive voltage detected by

said pole position detection means over a predetermined potential.

6. A motor driving apparatus according to claim 5, characterized in that the
predetermined potential for detecting the pole position includes a plurality of set
potentials.

=

A motor driving apparatus according to claim 4, characterized in that the driving pulse
signal constituted by the intermittent pulse group is constituted by a plurality of pulse
groups having different pulse width.

|oo

A motor driving apparatus according to claim 7, characterized in that the driving pulse
signal constituted by the intermittent pulse group is constituted by a first pulse having
a large pulse width, and a second pulse group having a pulse width smaller than that
of the first pulse.

A motor driving apparatus according to claim §, chafacterized in that the pulse width

N

W, of the first pulse changes in accordance with a rotation speed of said rotor.

10. A motor driving apparatus according to claim 8, characterized in that the pulse width
of the first pulse changes in accordance with the output number of driving pulses upon
start of said rotor.

11. A motor driving apparatus according to claim 8, characterized in that the pulse width

of the second pulse changes in accordance with a rotation speed of said rotor.

-
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"1 " 27. A notor drivi ng apparatus according to claim26, 2

- characterized in that the danpi ng pul se signal is output in 3 ' a
'dlrectlon in which said stator is excited to a polarity 4 opposite
to a magnetic pole of said rotor. 1 ' 28. A notor driving apparatus
according to claim 26, 2 charaggyeri zed in that the danping pul se
signal is output 3 with a pulse width larger than that of the
driving pul se signal for driving said stepping notor.

12. A motor driving apparatus according to claim 8, characterized in that the pulse width
of the second pulse changes in accordance with the output number of driving pulses

upon start of said rotor.

13. A motor driving apparatus according to claim 9, characterized in that the first pulse
changes to decrease the pulse width along with an increase in rotation speed of said

rotor.

14. A motor driving apparatﬁs according to claim 10, characterized in that first pulse
changes to decrease the pulse width along with an increase in number of output

— driving pulses upon the start of said rotor.

15. A motor driving apparatus according to claim 11, characterized in that the second
pulse changes to decrease the pulse width along with an increase in rotation speed of

said rotor.

16. A motor driving apparatus according to claim 12, characterized in that second pulse
changes to decrease the pulse width along with an increase in number of output

driving pulses upon the start of said rotor.

17. A motor driving apparatus according to claim 4, characterized in that the idle period
N\ widths of the plurality of idle periods of the driving pulse signal constituted by the

intermittent pulse group change in accordance with a rotation speed of said rotor.

18. A motor driving apparatus according to claim 4, characterized in that the idle period
widths of the plurality of idle periods of the driving pulse signal constituted by the
intermittent pulse group change in accordance with the number of output pulses upon

start of said rotor.

19. A motor driving apparatus according to claim 17, characterized in that the idle period
widths change to decrease the widths along with an increase in rotation speed of said

rotor.
I
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A motor driving apparatus according to claim 18, characterized in that the idle period
widths change to decrease the widths along with an increase in number of output

driving pulses upon the start of said rotor.

A motor driving apparatus according to claim 1, characterized in that said motor
apparatus comprises a timer circuit for measuring a predetermined time after said
driving pulse generation means outputs a starting pulse, and then generating a timer
signal, and when no detection signal is generated by said pole position detection
means the predetermined time after output of the starting pulse is started, said driving
pulée generation means stops outputting the starting pulse in accordance with a timer
signal output from said timer circuits, and outputs a driving pulse signal having a
phase opposite to that of the starting pulse.

A motor driving apparatus comprising:

a stepping motor constituted by a stator with at least two poles,

a rotor having a permanent magnet with at least two poles, and

a driving coil magnetically coupled to said stator, |

driving pulse generation means for outputting a driving pulse signal for driving said
stepping ﬁlotor,

a driving circuit for supplying a driving current to said driving coil on the basis of the
signal from said driving pulse generation means,

a voltage detection circuit for detecting a counter electromotive voltage generated
upon rotation of said rotor, and

pole position detection means for detecting a pole position of said rotating rotor with
respect to said rotor on the basis of a detection signal generated by said voltage detection
circuit,

said driving pulse generation means controlling an output timing of the drivihg pulse
signal on the basis of the detection signal from said pole detection means,

characterized in that

said motor driving apparatus further comprises a timer circuit for generating a timer
signal a predetermined time after said driving pulse generation means outputs the driving

pulse signaL and when no detection signal is generated by said pole position detection
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means the predetermined time after output of the driving pulse signal is started, said
driving pulse generation means sets a pulse width of a driving pulse signal to be output
next to smaller than that of the previously output driving pulse signal.

23.
- 2
25
26.
27

A motor driving apparatus according to claim 22, characterized in that, when no
detection signal is generated from said pole position detection means the
predetermined time after output of the driving pulse signal is started, said driving
pulse generation means outputs a compensation pulse signal having a polarity

opposite to that of the driving pulse signal.

A motor driving apparatus according to claim 23, characterized in that the
compensation pulse signal has a pulse width smaller than that of the driving pulse
signal. '

A motor driving apparatus according to claim 1 or 22, characterized by further
comprising damping pulse generation means for outputting a damping pulse signal in
order to stop rotating said stepping motor, said damping pulse generation means
controlling an output timing of the damping pulse signal on the basis of the detection

signal from said pole position detection means.

A motor driving apparatus according to claim 25, characterized in that the damping
pulse signal is output in a direction in which said stator is excited to a polarity

opposite to a magnetic pole of said rotor.

A motor driving apparatus according to claim 25, characterized in that the damping
pulse signal is output with a pulse width larger than that of the driving pulse signal for

driving said stepping motor.
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