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vi deo caner a’ apparatus or cahlera apparat us. More particul arly,
§Lﬂ3ééﬁﬁbkéﬁ—éﬂﬁgﬁﬁé—ﬁ paratus enabling direct pulse width

n drivin PWM driving) in a so-called sensor-|ess notor.
(y(ﬁ°5|9§ql%05n$?8ﬁr¥%%?e has hitherto been known a sensor-|ess

a@iﬁgm driving apparatus as showi in Fig.1. |f a U phase coil.

oi | 500V of a three-phase notor- 500 are fed with
eS8 &3 lthed1QVeaRo 500V operate for generating a torque for
a notor. However, the remaining Wphase coil 500W operates
tor t'mnsgermwahemﬁ bérCkte£! etd r 0lmotdr f @r€@ing TéPparatus
ss driving systemnotor driving apparatus thus detect the

in the

motors, such as a record1ng/reproduc1ng apparatus for disc—-shaped .

rgcordlng medxa, such as magnetic discs, magneto—opt1ca1 discs
or.compact disc, video tape recorders, video camera apparatus or

camera.  apparatus. More particularly, it relates to a motor

«zhzﬁriving apparatus enabl;ng direct pulse width modulation driving

“tdiredt PWM driving) in a so-called sensor-less motor.

Bdckgfbund of the Invention
1?here has'hitherto been known a sensor-less driving system
motbr\qriving apparatus as_shdwn in Fig.1. If a.U—phase.coil 500U

_and a.VQphase coil 500V of a three-phase motor 500 are fed with

: qurrent,'Fhese coils 500U and 500V operate r for generating a

torque forﬂacfing as a motor. However, the remaining W-phase
coil 500W bperates as a generator to generate a . back-
electromotive force. The sensor-less driving system motor

'driying apparatus thus detect the rotational position of the

" rotor based upon the back-electromotive force generated in the

respective phase coiis.500U, 500V and 500W for switching control
of the current conductive states of the phase coils 500U, 500V

and 500W for rotational control.
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respecti ve phase coils 500U, 500V and 500Wfor switching control of the
current conductive states of the phase coils- 500U, 500V and 500Wf or
rotational control. 2 That is, the back-electronotive forces Un, Vin
and VVn generated by the phase c0|Is 500V, 500U and 500W are fed via a
filter &ircuit 501 to a conparator 508, while a comon voltage COM of a
common term nal 500a, which is a _neutral point voItagF of _the three-phase

motor 500, isifel Jfa the Packselectametsye (£4TERS dﬁpaW&PoF“§b2”“?he
filter circui I s, confi ured rein
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back- electronDtlve force.U n fron1 Ee V—pﬂase col | 500V is

| ow pass doM ber aSdbmiBAet eimPia R 60d StwHichlGa andeateabPapbiNt wdbbagerhile
t he back-el-ectronotive force Wn fromthe Wphase coil 500Wis fed to a

| ow pass dfi kher thtZenpheseimeton 565) siorfdll vdaanteaftapaei ¢ bredilibs50The
conwon voltage COM fromthe conmon termnal 500a is fed to a | ow pass
to the comparator 502.

The filter circuit 501 is configured as shown in Fig;z,
wherein the back—-electromotive forcthin from the U-phase coil
500U is fed to a low—-pass filter 515 made up of a resistor 515a
ad a capacitor 515b. The back-electromotive force. Uin from the 
V—phase coil 500V is fed to a low-pass filter 516 made. up of .a
resistor 516a and # capacitor 516b, while the back—-electromotive
force Win from the W-phase coil 500W is fed to a low—pasé filter
517 made up of a resistor 517a and a capac1tor 517b The common
;oltage COM from the common terminal 500a is fed to a low—-pass
filter 518 made up of a resistor 518a and a capacitor 518b.

With the sensor—less driving systenlmotor.driving apparatus,
describéd above, the rotational position of a roﬁor is detected
based upon the back—electrdmotive forces (voltages) Uin, Vin and-

. Win from the phase coiis 500U, 500V and 500W, and tﬁe current
conduction timing of the.pha.se coils 500U, 500V and 500W is
switching—-controlled responsive to the results of detection of
.the rotational position for.rotationally driving a three—phase
motor 500. During this rotaﬁional.&riving, a kickback-noise is

produced at the turn-off timing of current conduction switching



filter 518 made up of a resistor 518a and a capacitor 518b. Wth the -
sensor-less driving systemnotor driving apparatus, described above, the
rotational position of a rotor is detected based upon the -
back- el gftrormtive forces (voltages) Un, Vin and Wn fromthe phase coils
500U, 500V-and 500W and the current gonduction timng of the phase coils
500U, 500V and 500Wis switching-controlled responsive to the results of
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filters 515 to 517 to transmt the extracted kickback noise as a

ref er enc&ickblackgnoise fidme the back-electromotive voltages Vin, Uin and
Win from the low-pass filters 515 to 517 to transmit the
‘extracted kickback -noise as a reference voltage to the
comparators 519 to 521.

The comparators 519 to 521 compare the common voltage COM
to the back-electromotive voltages Vin; Uin and Win to transmit
cbmpari;on_outﬁuts U, V and W shown in Figé.Sb to 3d to a logic
unit 508.

On the pthef hand, a fﬁll;wave rectifier circuit 503 is fed
with. a rotational servo. signal (V control) formed in the
rotational servo system based upon the rotational state of the
three-phase motor 500. The full—wave rectifier éircuit 503 full-
wave rectifies the rotational servo signal which may be shifted
in the plus and minus sides about the reference voltage as center
and trénsmits the resulting signal as a reference valué Vrec to
a comparator 504. If the rpm of the three—phasé motor: 500
exceeds_a pre—set value, the rotational servo signal is shifted

"in the minus side for lowering the rpm. Thud the full-wave
rectifier circuit 503 on_being f§d with the minus'sidg rotational

servo signal generates reversing signals for applying a



conparators 519 to 521. The conparators 519 to 521 conpare the conmon
voltage COMto the back-el ectronotive voltages Vin, Un and Wn to transmt
~conparison outputs U, V and Wshown in Figs.3b to 3d to-a logic unit 508.
On the other hand, a full-wave rectifier circuit 503 is fed with a
rotationfl servo signal (V control), formed in the rotational servo
system based upon the rotational state of the three-phase nmotor 500. The
full -waveretttienal srekdng 5o%df Hransmdde reke i Fed§TeABEr o HEMDhaltNgérvo
signal which ma ?ge shifted in the plus and mi nus sides about the reference

vol t age aB®R&REEFIatR thenafls Urd P&8ulting signal as a reference val ue
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fed with the mnus side rotational -servo signal generates reversing signals
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signal thus , :

The detected value (Curreént Sense) is integrated by ta resistor
505a and a capacitor 505b so as to be supplied to the comparator
. 504.

| The comparator 504 combares the referenée value Vrec and the
integrated value of the detected current (Current Sense) detected
by the current detection.resistor 511 and routes a comparison
butput-Verr to a pulse width modulation circuit (PWM circuit)
506.

The PWM circuit 506 modulates the combarison output by pulse
width modulation to form a pﬁlse width modulated signal (PWM
carrier) which is routed to a voltage conversion circuit 507.
This indicates that the current driving is being carried out by
bulse width hodulation.

The voltage conversion circuit 507 is configured as shown
in Fig.4 in which a.transistor 515.connected to a source voltage
Véc. is driven in a switching operation by. the pulse width.
modulated signal to form a pﬁlse width modulated voltage
corresponding to the pulse width modulated signal. Tﬁis pulse
width modulated signal is converted by a coil 516 and a smoothing

capacitor 517 into a supply voltage VS which is supplied to the



generated to the logic unit 508. A current detection resistor 511
(Risens) detects the current in the formof a voltage which is fed to the
phase coils 500U, 500V and 500Wfrom.a driver 510 as |ater explained. The
det gcted,val ue (Current Sense) is integrated by ta resistor 505a and a
capacitor 505b so as to be supplied to_the conparator 504. The conparat or.
504 conpares the reference value Vrec and the integrated value of the

det ect ed TUFYEHE UP&hr P ERt Té@né@)gi&et‘ééfeﬂ)soﬁlettﬁlétéuwﬁc H@tié’lét Legiradi st Q{
d ' tput Vi t . dt ulation circu
'(5|13\1/\Ma(r:]i r(r:% )e.?§88?9$ﬁ°2{'p ncioclrjocuf’rat“‘f)sg%'r nﬂgﬁsgggs%‘ﬁh\é%ccﬁﬂfgﬁﬁls ( Bt pie by )
| ' t : hdt ul d si rrier
Bhi oh 15 GOmEREA A S0n [ DohORT Aol s Ml b TRHL FL5C R YRe L CRSBEL

the curregignbi \§ho@n Snb@igg.88" tbeddoutThy Pl S Wrd FaMdugatliglds Jhe
vol tage conversion circuit 507 is configured as shown in Fig.4 in which a

transi st oth&1Bxconsnkgnell $peaifputhe worbageodLing isollityedf tReabawkichi ng
operation by the pulse width nodul ated signal to forma pulse width
nodul at ede L@t tereo toie ekqrart Min.o Yire pnd skimi dehdnblel abediosi gnakagdhi s
pul se COM, respectively, as shown in Figs.3a and 3e. Thus the logic
unit 508 detects the rising and falling edge; of the Exor signal
" and captures the back—-electromotive voltages Vin, Uin and Win at
_tbe detection timing. Based upon the back—-electromotive voltages
Vin, Uin and Win, the logic unit forms an upper layer tfansistor
cﬁntrol signal Uu and a lbwer layer transistor control signal Ui
for the U-phase coil 500U, shown in Figs.3f and 3g,. an upper
.layer transistor conﬁrol signal Vu and a lower layer éransistor
control signal Vi for the U-phase coil 500V, shown in.Figs.sh and
3i, and an upper layer transistor control signal Wu arid a lower
layer transistqr control signa1 Wi for Fpe W-phase coil 500W,
shown in Figs.3j and 3k, and transmits theéé.control signals to
the driving unit 516; |
When supplied with a reversing signal from the full-wave .
rectifier circuit 503, the logic unit 508 reverse§ the polarity
of the control signals Uu, Ui, Vu, Vi, Wu and Wi and transmits
the signals to the driving unit 510.
The driQing unit is made up of upper and lower léyer

transistors 521, 522 for the U-phase coil.500U, upper and lower



width nmo
517 into
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dul ated signal is converted by a coil 516 and a snoothi ng capacitor

a supply voltage-VS which is supplied to the 5 driving un
|l ogic unit 508 detects an exclusive |ogical sum (Exor) of the

comparison outputs U,V and Wfromthe conmparator 502, shown in Figs.3

3d, for
falllng
back- el
respectl
the risi
back-el e
upon t he
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contr ol
upper |l a
contr ol
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orm ng an Exor signal shown ig Figs.3b to 3d. The rising and

edges of the Exor signal specify the zero- cross#ﬁ%ﬂp0|nts of t
e ¥ ONothans isdoass 59n, Setnfandtive nV-riese ro ido

- h - .3 d 3e, t he | t 508
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| Sa. V'n Ui n, and- V¥g e, de t n
q% %I%@ ¥gﬁ%é ive V%I%%?%%tifs ﬁﬁgﬁ%rv§° Eﬁ% t?og?cn%ngp
iay&élgfmlﬁlortoc%&tsr OlasS's%a!n W @QE g.lover layer transist
signal U for the U phase coil 500U, shown in Figs:3f and 3g,

yer trewsicdldlect@is’ olf thenapp¥r faged OAvRyidtaUe 521anskst ghd
signal Vi for the U phase coil 500V, shown in Figs.3h and 3i,
-$2§eare rcamiested toninpht sigmeinadls afdaastippky voltage VS from
the'voitage'conversion circuit 507;.while the emitters of the
lgwer layer transistors 522, 524 and 526 are connected .to the
current detection resistor 511. The emitters of the upper layer
transisfors 521, 523 and 525 are connected to the collectors of
the lower layer transistors.SZZ, 524 and 526. The driving curreht
‘to be supplied to ﬁhe phase coils 500U, 500V.and 500w is-taken
out at the Jjunction pbints betweén the collectors and the
emitters of the respective transistors.

With the above—described driving uhit 510, the control
signals Uu, Ui, Vu, Vi, Wu and Wi from the logic unit 508 are
routed to the bases of the upper and lowér layer transistors 512
to 526, respectively. Thus the upper and lower layer trahsistors
'512 to 526 are controlled to be turned on and off responsive.to
the control signals Uu, Ui, Vu, Vi, Wu and Wi so that the supply
voltage VS is takeﬁ out at the respective junction points
résponsive to the on/off control. The supply vqltage VS taken
.out at the reépective junction boints.afe fed to the respective
phase coils 500U, 500V and 500W of the tﬁree—phase motor 500.

The values of the supply voltage VS, supplied to thé phase

0
bto

he

v¥PP&Featd\|

cts

Based
forns
or.
an

and



| ayer transistor control signal W for the Wphase coil 500W shown in
Figs.3] and 3k, and transmts these control signals to the driving unit
510. When supplied with a reversing signal fromthe full-wave rectifier
cirguit 503, the logic unit 508 reverses the polarity of the control
signals Uu, U, Vu, Vi, Wi and W and t_{ansm'ts the signals to the driving
unit. 510. The driving un|t I s made up of upper and | ower |ayer transistors
521, 522 &eflé 600l plsasy endl 5 GO0, a tppiet ezn@dl bywethe cubremterdetteandost or s
523, 524 for the V-phase coil 500V, upper and |lower |ayer transistors 525,
526 for thesVsptmsdldoi | SUDANe bdetectadpl Yaless ame reenseded dwnnédeed to
t he bases of the transi.stors 521 to 526, as shown in Fig.5. The collectors
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coils 500U, 500V and 500W to be maintained at a constant level.

‘Since the motor driving device of the sensor—less driving
system ie capable ef detecting the rotational position of the
rotor by the back—electromotive force generated by each.of the
phase coils 500U, SOOV and 500W for sw1tch1ng control of the
current conductlng state to the phase coils 500U, 500V and 500W,
rotational control of a -th:ee—phase motor becomes possible
without providing rotational position_detectien means, such as

.Hall devices. |
If, with the above—described sensor—less moter dri?ing
apparatus, the voltage conver51on circuit 507 is eliminated and
the three-phase motor 500 is driven directly by PWM driving, the
..voltage of the respective phase terminals are decreased to the
minus level at the voltage turn-off timing for the phase coils
500U, 500V and 500W, while the common voltage COM is decreased
to the ground level, as shpwn'in Figs.6a to 6c. At this time,
it becomes impossible to detect the back-electromotive force.
Even if the common voltage COM is decreased to the ground leyel,
rrediction can be made te a certain extent provided the voltage

on/off width remains the same. However, the voltage on/off width



transistors 521, 523 and 525 are connected to the collectors of the | ower
~layer transistors 522, 524 and 526. The driving current to be supplied.to
the phase coils 500U, 500V and 500Wis taken out at the junction points
between the collectors and the emtters of the respective transistors. Wth
t he abové- descri bed driving unit 510, the control signals W, U, Vu, Vi,
Wi and W fromthe logic unit 508 are fouted to the bases of the upper and
| ower | ayéPtPF‘&ﬁéVstiég§e5§2bt’or§2€°nr efppuisgeVydtiyhpady hnt ’Lﬁibeqf“aﬁdla:omer

| ayer tranS|g£ors 512 to 526 are controlled to be tyrned on and off
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of the three-phase notor 500. The va ues of the supply voltage VS, supplied
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detection resistor 511. These detected values are conpared by the

PWM-.signal is fed via the voltage conversion circuit 507 to the
driving unit 510. The result is that the number of component
parts is increased in an amount equivalent to the voltage
conversion cifcuit 507 thus raising-fhe production cost.
In addition, it is necesséry'with the conventional sensor-less
motor driving apparatus to provide the filter eircuit 501 for
.elihinating the kickback noise from the back-electromotive
voltages Uin, Vin nd Win of the respective phases and the common

. voltage COM, thus increasing the number of cOmponént parts and
hence the production cost. in addition, since the electrical
fime cons#ant of the filter circuit 501 is set in association
with the rpm of the three-phase motor 500, the filter circuit 501
can be used only for constant rpm applications, such as for a
disc reproducing apparatus éonfigured for controlling the disc
rotation at a constant angular velocity (CAQ). Furthérmore, the
electrical time constant of the filter circuit 501 needé to be
varied each time the rpm of the three—phase motor is varied.
Although it may be contemplated to ﬁhke automatic variable

" control éf the electrical time constant of the filter circuit

501 responsive to the rpm of the three—bhase motor, it becomes
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or 511 to the reference value Vrec for carrying out indirect PW/
based upon the conparison output Verr. This enables the current
conducting state in the respective phase coils 500U, 500V and 500Wto be

ed at a constant level. Since the notor driving device of the
€ss driving systemis capable of detecting the rotational :posi
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and 500W while the cormmbn voltage COMis decreased to the ground |evel, ‘as
shown i n dpperfaus,o Boe Kickbackt npdsei tisheomessimpysedsidll ethe detreenhtt he
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ctronptive force. ‘Even if the common voltage COMis decreased

to
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vol t age

result is that the kickback noise overlaid on the comparison
outputs U, V and W was apparent in the Exor signal representing
an exclusive OR output of the comparison oﬁtputs from the
comparator 502, as shown in Figs.3b td 3d. Since the logic unit
508 cépturés the fespective back—~electromotive voltages at the
timiﬁg of detecﬁing the rising énd-decaying edges of the Exor
signals, '‘that is at the zefo—crossing point of the back-
electfomotive force and thé common voltage COM, the rising'edge
or the decaying edge cannot‘be detected correctly if the kickback
voltage appears in thé Exor sigpai, such that it becomes
impossible to capture the respective back—electroﬁotive voltages
at a correct timing,ithus obstructing correct current conduction
'switching timing control.

In addition, since the capturing'of the ;espective.back—

electromotive voltages is carried out at the zero—-crossing point,

" current conduction to an incorrect phase tends to be incurred if

the back—-electromotive force is of a small value, such as at the

time of motor start-up or during low-speed rotation. If the



on/off wdth remains the sane. However, the voltage on/off width 8
naturally differs by reason of pulse width nodulation driving, so that -
detection of the back-electronotive force at the voltage turn-off tinme and
hence mpfor rotation control becone infeasible. For thi's reason, the '
conventional sensor-|ess notor dr|V|nglapparatus cannot be driven directly
by PWM driving, so that the PWMsignal "I's fed via the voltage conversion -
circuit SOY¥TFENE s &rlmﬂlr%gduhpta%lmcqweeqfematseu smphar Iheathifthds aot

conponent _ arts ease anount equi valent to the voltage
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the comon voltage COM thus increasing the number of conponent -parts and

hence the prodoateddaie@sh, wilth adﬁlétb.BaveSHQE@riﬂ‘ﬂ@d ekeakbrcabssi Mtor
constant of the filter circuit 501 is set in.association with the - rpm of
the threedphasegntmmnr&ins tﬂuxﬁlﬂheemhmmmchrakﬁﬂg system generat1ng the
counter—torque by utilizing the motor current and the counter
. current supplying braking system generating the counter—torque
'by positively flowing the current in the motor from outs1de, are
employed. However, there is no operational correlation between
the two braking systems, and the two-braking systems are employed
separately, so that it becomes impossible to effect fine braking
control.

With ' the above—déscriﬁed sensor—less motor driving
apparatus, the upper layer transistors 521, 523 and'525.and the
lower layer transis@ofs 522, 524 and 526 shown in Fig.SIare bi~
polar transistors,'which are turned on acutely_bgt are turned off

“only gradually.over a longer time interval. The result is that{
if the transistors 521 to 526 are on/off controlled during
inversion of the direction of current conduction; that is during’
_inveréion_of the rotational direction, there is a time period
during which the upper and lower layer transistors of the
respective phases are turned on'simultaneousiy, thus producing
the through~current, that is the current flowing at a time to the.

ground from ;he voltage source VS via the upper and lower layer



can be used only for constant rpm applications, such as for a disc

reproduci ng apparatus configured for controlling the disc rotation at a
constant angul ar velocity (CAV). Furthernore, the electrical time constant

of the fjl

ter circuit 501 needs to be varied each tinme the rpmof the

t hr ee- phase notor is varied. Although |%%nay be contenplated to nake

automatic
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the circui
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to provide a speC|aI circuit for this purpose thus conpllcatlng

rical tinme constant of the filter
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ve OR out put of the conparison outputs fromthe
respective phases becomes inaccurate by such through—curren;,

thus disabling correct rotational driving of the motor.

SUMMARY OF THE INVENTION

It is a primary object of the present invention to provide
a motor driving apparatus whereby the PWM driving in the sensor-
less system is enabled without providing ahvoltage conversion
circuit 507 and mistaken operation due to the kickback noise may
be prohibited without providing a filter circuit, while the bﬁck—
electromotive force may Dbe .captured satisfactorily for
prohibiting current conduction to an incorrect phase for

improving motor starting characteristics.

It is a second object of the present'invention to provide -

a motor driying apparatus whereby finer braking control becomes
possible by oper#tivély associating the short braking system and
the counter current applyihg braking system with each other and
occasionaliy by switching control between the two bfaking
systems. | |

It is a third object of_the present invention to provide a
mqtor 'driving apparatus whereby the throeugh-current may be

prohibited from flowing for assuring correct rotational driving

nol se

Iy i S i n.
Figs.3b to 3d. The .result 1st at t%ﬁéiﬁéﬁtggg %gfgeg%ggfaafgngﬁg%hé&
conpar i SONs®UPWS Bé Morthnl/, V@R tARRALANLF Rheh@rEvehgSt@RAEnt 6 £SERE | ng



. conparator 502, as shown in Figs.3b to 3d. Since the logic unit 508
captures the respective back-el ectronotive voltages at the timng of
detecting the rising and decayi ng edges of the Exor signals, .that is at the
zerQ-crogsing point of the back- electronotive force and the conmon
voltage COM the rising edge or the deca ing edge cannot be detected
correctly |f the klckback vol tage app in the Exor signal, such
that it Otlb e °er055| ble to capture the respective back-el ectronotive’

vol tages at a r t td us obstr correct current conduction
switching ti mﬁg éggltropeﬁ aégltlpcf & ncbng%'é“c%{bt BFPX498F themotor

respect i er hacly oBpRRLEQTOLAY R PhL A5l oA hb§Hls Oty HortlG 8 BEL 0881 NG

poi nt, current conduction to an i1 ncorr phase tends to b if the

back- el ecé r&npEdme v ¥@ 1icagek apﬁgakkngaqu,eswel@laé phatde J raemefcoﬁmt or
start-up or during | ow speed rotation. = If : 10 current is supplied

to an i ncloay ot pllasé, phwdes, patlaiei endtR Mul,mrtddugmélaﬁs fidie oAt tshart - UID.

time or notor rotation ceases during | owspeed notor rotation, while the

r pm of t heuhgr gvidqth modulated s1gna1s for rotat1ona11y driving the motor
based upon a rotational error signal of said motor,.minimum pulse
width detection means for detecting the minimum pulse w1dth
position of the pulse width modulated signal from the pulse W1dth
modulation means, sample—holding means .for sample-holding
comparison outputs of the comparison means at a timing of
detection of the minimum pulse width of the pulse width modulated
sigﬁal by the minimum pulse width detection means, and.motof
driving means for rotationally driving the motor baséd upon each
sample—and—hold output from the sample—and hold means.

The sample—and-hold means includeé exclusive OR.detection

-means for detecting an exclusive Or of comparison outputs of the
comparator means, masking processing means for detecting the
current supplying switching timing to respectivg phases for
forming-masking signals of a pre;set pulse ﬁidth at.tﬁe detected
timing, removing the kickback ndise'overlaid on the exclusive OR
outputs from the'exclusive OR detection means at the current
supplying switching timing to the respective phaseé, fofming'a-
masking signal of a pre—set'pulse width at the detectéd,timing,

removing a kickback noise overlaid on the exclusive OR output of



drastically | owered during normal notor rotation. In addition, with the
above-descri bed sensor-1less notor driving apparatus, both the short braking
system generating the counter-torque by utilizing the notor current and the
counter current supplying braking systemgenerating the counter-torque by
positivély flowing-the current in the tor fromoutside, are enployed.
However, there'is no operational correlation between the two braking

syst ens, s&hd 9(’1%31"tW%B&k‘F?@F%‘y’s‘t‘bﬂtﬁﬂd‘ﬁea’érfﬁleoﬁé‘dr§éﬁa?‘aﬁ%ﬂW,Swsl&cthhﬁ‘tg it
beconmes |npossible to effect fipe braki ontrol. Wth he .

above- debiPrBecY Sedisrskine s fgeg] 2adibufBR pgarattee THE MoskinFayer
transi st 523 d a t N y t | S 22, . and
526 shoupr Dok ot o il Vel b add foRiREeh @ Ehr AAOSSHEE Rrveratng O
but are fyanes pfdg QUes0620URE | Yo O¥ Bhig B lo¥edRed bUBpLEtSF UAe mBA&ingsult
is that, if the transistors 521 to 526 are on/off controlled during

i nver si oprotesBenginteatis ,08anblaHEr #6hn £ ofuiucanN ihBatompa fliddM@utPpulsSi on
of the rotational direction, there is a time period during which the upper
and | owepf| &her compasistwrmewis t hes ek speen i are euiges ale vt itcr wadpot of

si mul t aneousl y, thus producing the through-current, that is the current

fl owi ng &hea qdgfe detepbigromednsponsenel ing t Bgansoufee YSMRl bng heaghper
and |ower |ayer '

comparison outﬂut of the comparator heans based upon the edge
detection output of the eage detection meaﬁg, and holding means
for sample-holding the sampled output of the sampling means
except for a phase for which a back—electromotive voltage is
captured.

The motor driving apparatus aéqording to the preSgnt
invention also inciudes . delay means for delaying the edge
detection output of the edge detection means after deiaying the
edge detection output a.pré-set'time. The sampling means samples

- each comparison output from the comparator means based upon a
~ delay outbut- of the delay means for. supplying the sampled
comparison'output to the holding means.

The motor driving apparatus according to the present
invention also includes . cufrent sUpplying state switching
controlling means for detecting whether or not the edge detection
output of the edge detection means or a delayed 6utbu§ of the
delaying means is being supplied, varying the contents of the

holding means if the edge detection output or the delayed output



transistors. Wth the above-described sensor-less notor driving
apparatus, in which the driving currents of the respective phases are
detected by the current detection resistor 511 and controlled-so as to be
congtant, detection of the driving currents of the respective phases
beconmes 1 naccurate by such through-currest, thus disabling correct
rotational driving of the nptor. SUMVARY OF THE_IINVENTION. It js a pr.inmary
obj ect of aFfie "9testHRP IRENIP BN &t PEFr At HSof BF § i\‘if’ﬁ@)“éppsé’rlattcﬁb‘"g

wher eby the drivi in the sepnsor: |ess emis enab i §. oyt
provi di ngcﬁngBP aé’«g ctg%ve?%lf%enntci ?‘éﬁ?}”ﬂg 5%?%1’ goakeeancq‘gpgé&%?%,mo%?d&élet o]
t he kickbgg%oggise may be prohibited without providing a filter circuit,
while the ck- electronotive force my be captured satisfactorily

for prohibitingneueaget de@REYGbhOMmea® afed iy rewé pPhaseg f odge Manavivme
motor starting characteristics. It is a second object of the present

i nventi onflQlphgvietizea bWt & chaiskiing opyxatedsssi whetphy fafnether akdsiging

control becones possible by operatively associating the short braking
systen1an®rocessing means, while also detecting the prevailing current
conducting stafe an& estimating, based upon the prevailing
current supplying state, whether the edge of the masking
processing output to be supplied next is a'riéing edge or a
falling-edge. The current supplying state switching controlling
meﬁns inverts an output of the holding means'if_an édge-other
than the estimated edge is.detecteﬁ b& the edge detection means
fqr effecting switching'control of the current supplying state

to each phase.

The present invention _also provides a motor driving
- apparatus including méans for cqmparing each back—-electromotive
voltage appearing in each phase of a multi-phase motor and a
common voltage which is a voltage at a neutral point of the
motor,’ a,reversiné signal outputting means for outputting a
reversing_'éignal for applying a counter direction current
supplying braking for generating a counter—torQue'by flowing the
current through the motor baséd upon a mofor rotation epror
signal supplied from.outside, pﬁlse width modulation meané for

outputting a pulse width modulated signal for rotationally

driving the motor based upon the motor rotation error signal,



the counter current applying braking systemw th each other and
occasionally by switching control between the twd braking systens. It
is a third object of the present invention to provide a notor driving
apparatus whereby the through-current nay be pr ohi bi t ed fromflow ng for
assuring correct- rotational driving of the notor. in one - aspect,

the present invention provides a notor driving apparatus including
conpar i soninbays Pwiseowpdthndebeckior| eepnsmfpirvderekt 4n8s thppadniimymi n
respective phases of a nmotor having plural phases, pulse wdth nodul ating
means forpbgfﬁd‘t’tqtﬁ’gpﬁﬁl%é%\n‘bﬁ ﬁhr?oé’ét‘ll&tee‘tﬂ“g 'br%ﬂdé‘l?&tedr 8t &r+brnan thei vi ng
t he notor ?sed upgh a oiaéjonal error al of sa q torp n1n|nunhpulse
wi dth det BEtPBn" heahs Paply f%ﬂnw?ﬁfstkﬁf FHRARSSNSs & Qi FERPIA8E i°85 ot
e Pu bepdhghPi ool d R, Y0ndle LoRlldloRuhsgnll 4L N M ALIN (TRARY

sanpl e- ho I'hg nmeans npl e-'hol dirng conpari son out
conpar i Sop£NeRésn @i infunt igi1Re Qfld@ﬁt@f:ttﬁ)@ Pf1dGidthi Benpdlisa s dislac@f the

pul se wi dt h nodul at ed

modulation signal from the minimum pulse width. detection means,
affected phase detection means for detecting on being fed with
thé reversing signal from the reversing signal outputting means
a phase in.which a change in each back-electromotive voltage is
produced - based upon each comparison output'.sampled by_ the
sampling heans, holding means for holding a comparison output of
"a phase other than the phase in thch the change in the back-
electromotive voltage as detected by the affected phase detection
means is produced, and motor driving means for baking the motor
based upon each sample—held output' of the holding means.

The motor 'driving -appératus according to the present
invention also includes maximum pulse width detection means for
detecting the maximum pulsé width position of the pulse width
modulated signal from the pulse width modulation means and
sampling the comparison outputs of the comparison outputs at the
detection timing of the maximum pulse width. The motor driviné
means brakes the mo;or by short braking of.generating a counter—
torque in thé motor until detection of the maximum pulse width
of the pulse width modulated signal by the maximum pulse width

detection means, while the motor driving means brakes the motor



signal by the m nimum pul se width detection nmeans, and. notor driving neans
for rotationally driving the notor based upon each sanpl e- and-hol d out put
fromthe sanpl e-and hold nmeans. The sanpl e- and- hol d neans i ncl udes
excl.usive OR detection neans for detecting an exclusive O of conparison
out puts of the conparator neans, nasklnﬂsproce55|ng means for detecting the
current supplying switching timng to respective phases for form ng masking
signals ofY acﬁ‘J‘frétes"etdb'tﬁ"s'é‘% fUF rgn t kﬁelm@tyé@tge@f‘ﬁi‘nhﬁgonr éaborhgonhef

ki ckback seaqu; on tﬁﬁ excl usi ve OR ou guts fromthe exclusive OR
detecti on” hedhs: 5t4%? rPe“ cifr M r‘sﬁﬁpltﬁenﬁué\ﬁftﬂh F\E; PeH Y ¢ SR erlespect i ve
phases, form ng,a Si; e se $& width at the detected
timng, renoving a i-CKD Qjgcklg‘glgééqover % ? e exclu5|v§°ER gufpﬁPgof

13 sai d ex ysav@gCE%d@tégﬁdévlfEEHE%fEtéd"%d%U&ﬁﬂQkt%HQDkMeS%%EQQ' ﬂaﬁ'”1“9
by sai d masking signal and outputting a resulting masking processed signal,

edge deteppspniomanstfos deteect+pgaide rb6bRY BAdedal Lpo@ ecdger Obathe
‘maski ng processed output of the. masking processing neans, sanpling nmeans

for sanpl € hgctoemet i worvodiaget appearing in each phase of the multi-phase

motor and for on/off controlling an upper layer transistor and

a lower layer transistor of each phase responsive to the results

of detection f'or sv_lit.ching the current supplying states to ea.ch

phase for rotationally 'driving the motor: The motor driving

apparatus includes switching timing detection means for detecting

the timing of switching the direction of rotati'on, and

controlling means for simultaneously turning off the upper 1a.yer'

transistor and the lower layer traﬁsistor of each phase for a

pre—set time at the timing of switching of the rotational

direction as detected by the switching timing.deﬁection'means.

The ‘motor driving- apparatus according to the present

invention also includes comparison means for comparing back-

electromotive voltages appearing in respective phases of a multi—

phase.motor to a common voltage which is a neutral point voltage

of the | multi-phase motor, pulse width modulating means  for

outputting pulse width modulated signals for rotationally driving

the motor based ﬁpon a motor rotation error signal, minimum pulse

width detection means for détecting the minimum pulse width

position of the pulse width modulated signal from the pul_se'width



of the conparison neans based upon an edge detection output of the edge
detection neans, sanpling neans for sanpling each conparison output of

t he conparator neans based upon the edge detection output of the edge
detection neans, - and hol di ng neans for sanpl e-hol ding the sanpl ed out put of
the sanpling means except for a phase fgk which a back-electronmotive
voltage is captured. The noter driving apparatus according to the present

i nventi on'“‘a‘li%g“’r%l ReENS,  gem@) emeadshpod JBe AT ngfQhe AP eddrodéiingn

out put of the edge det tlon ns after de|a t he edge detectlon qQut put
a pre-set “PPRA"? SYBPEfg ﬁz‘ saﬁ‘b’f‘%%”e%\%h g‘&ﬁﬂérl‘%‘gn 2out P8 r &rh t he

conpar at Oaawéefok%%eqhau@mwf U RYE oL Wi dBH3Y PERNP ol SRl V1 10

t he sanpl e arison o means riving

apparatussggﬁgidbpgthg %hﬁuﬁﬁﬁﬁ?&ﬂ1é@V£P&t9“d@%§@t16@CEHQR§ anaumh&%%
suppl ying State switching controlling means for detecting whether or -not

the edge detechkomeanspabroforfigngdge cdateeli 8lgRaANT odr eactielphred @utrput

of the delaying neans is being supplied, varying the contents of the

hol di ng meanefifdt eimgigeheletppe r oheyoart putaros i s teer sdelnaly echeo Utometr layer
transistofs based upon each sample—~held output from the sample-
and hold means. |

The sWitching timing detection means detects the makimﬁm
pulse width fosition of the_ﬁulse width modulated signal.for
detecting the timing of switchiné the rotation position.

The motor driving apparatus according to the present,
invention is an apparatus of the sensor—less system of detecting
the rotational position of_ the rotor based upon the back-
electromotive force of each phase of a multi-phase motor aﬁd
effectiﬁg switching control of the currént supplying states
responsive to thé rotational position of the rotor. The
comparator méans compares the back—-electromotive force appearing
in each phase of the motor to the common Qo;tage which is the
neutral point voltage of the motbr. The pulsé width_modulating

__means forms and outputs a pulse width modulation signal for
rotationally driving the motor based upon a motor rotation error
signal.

The minimum pulse width detection means détects the minimum

pulse width positién of the pulse width modulated signal from the



14 .are not supplied for a pre-set tine for effecting switching control of
the current supplying state to each phase of the notor. The edge detection
neas detects the rising edge and the falling edge of a nasking processed
output of the masking processing nmeans, while also detecting the prevailing
current conducting state and estinatinqj based upon the prevailing current
suppl ying state, whet her the edge of‘*he.nasking rocessi ng output to be
suppl i ed s Width ppdphyt beRemepns. f The /g ndayd. Prhee ctitd et PREbHLHISA ng
state switchiing controlling neans .inverts an_output of the holding neans if
an edge ostpi’?é‘r‘r}tqﬁénrktk}?e B%f??ﬁt §rdBge RIGL: kRS egugﬁet H’e’dgd‘gem%l%?g%ﬁ n
means ! Ofs {@a3CikNgu FHLA U NITRANLLRL) O ad SN SH iilins> URRLY OHOThE! End O
each phase.nfhe presen Invention ~also provides a notor riving

appar at Us duiife i@ RIS sf G o TRAY | EmPacdt S Gke 1L HY OfRY | ¥8t¥ot ige
appearing in each phase of a nmulti-phase notor and a common vol tage which’

is a vol tgeind of néwet niln ip@nNpudket d dYht 6F, tBer GUESS| WY Bh gRGduDat@aIt ti ng
means for outputting a reversing signal for applying a counter direction
current signal for detecting the back—-electromotive force. The motor
.driving meané rotationally drives the motor based uﬁon the back-~
electrdmotivé force of each phasé which is a sample-held output
of fhe sample—and;hold means.

This enables direct PWM dfiving of directly driving the
motor by the puise width modulat?d signal.

- Specifically, the sample—and-hold means includes exclusive
OR detections means, masking processing means, edge detection
means, delaying meaﬁs, sampling means and holding meﬁﬁs.'

The exclusive QR detection means detects.the exclusive OR
of the comparison.outputs of the compar&tor means and tranémits
the results bf detection tq the masking processing means. The
masking processing_means detects the cu}rent suppIYing switching
timing fo the respective phases ahd forms the masking signals of
the pre—-set ﬁulse width at this timing, and operates for removing
the kickback noise overlaid on the exclusive OR output by the
masking signal at the current supplying switching timing. The
edge detection means detects.the rising edge and the decay edge

of the masking processing output of the masking processing means

and transmits the detected edge to the sampling means. The



suppl ying braking for generating a counter-torque by flow ng the current

t hrough the nptor based upon a notor rotation error signal supplied from
outside, pulse width nodul ati on neans for outputting a.pul $e width '
modul ated signal for rotationally driving the notor based upon the notor
rotation*error signal, °~ 15 mininum pukge wi dth detection means for
detecting the -m ni num pul se width position of the pulse w dth nodul ated

si gnal- f reamglhismgoukses vdaitpl esndaimpe  dsomearsRu tsamfl t gy coBRAS 1EOP B8HPT i ng
each conparison outEut of the conparator neans _at a detection timng of the
i ni mum peased wWeenhthe adge gatsetiraioubrut 9d phPsedss Meﬁ%daﬂamﬁ%i gnal

fromthe m nimum pul se width detecti.on neans, .affected,p d '
means forT*b%thé’étdilﬁé BR2BRISAT 86%\&59?? ’Etﬁ"e_Sraév’elresalc 85]& Faﬂ%‘f%ﬁ%%&tﬁﬁgmg
reversing signal, outp | ng..reans ase i ' - g8 el iv
back- el ecP¥® ﬁ"v"e‘“’p&oﬁ‘%ge{g‘?@g{}oé’%@gg ggé’eghﬁgféﬁﬁﬁé?o%g;??ggﬁsgbt ?)ut
sanpl ed by,ihe sanpldiiftd®anttushehdbgngeeAs 89Fe b0l PMOd R wiaigar i son

out put of “a phase ot'her than the phase I'n which the change in the back-
electronotive ypl hagardn dect Rétdy like aifknieat] phastedatodain,onit is
desirable to advance the curreht sﬁpplying phase slightly for
gprrecting .the delay in the driving -CUrrent caused by coil
inductance. Thus, with thé:motor driving apparatus according to
the present invention, the delaying means delays “the edge
detection output of the edge detection means.for a pre—set time
and transmits the delayed output to the sampling means. This
enables the del#y in the driving. current due to the coii
inductance to be compensated to capture the back—electromotive

force at a correct timing. . |
Wifh the métor driving apparatus accordiné to the present
invention, the current supplying state switching controlling
means detecfs whether an edge detection output is being §upplied
from the edge detection means or'the delayed output is being
supplied from the delaying means. The fdct that the edge
detection output or the delayed output is not supplied indicatgs
that the motor is not being rotated in the prevailing cﬁrrent
supplying state. Thus, if n& edge detection output'nbr the
delayea output is supplied, the curfeﬂt supplying state switching

confrol means varies the contents of the holding means for



means i s produced, and notor driving neans for baking the notor based upon
each sanpl e-hel d output of the hol.ding neans. The notor driving apparatus
according to the present invention also includes maxi num pul se w dth
detectiop neans for detecting the maxi mum pul se wi dth position of the pul se
wi dt h nodul ated signal fromthe pul se mhgth modul ati on nmeans and sanpl i ng
the conpari son outputs of the conparisofi’outputs at the detection timng of
t he maxi num el ise Whet bur fémet rmpipgrl ydmigvishgt aean ealehakbess e hef teomobyrshor t
braki ng of generating a counter- torque in the notor until detection of the
maxi num putse sfatieomaties Ftesd ~wirdchamedteal @bies giral bhylmaro vesi num
pul se mﬁdth'd%%fq£53¢-ne ns, wWhile the notor drjving nmeans brakes the notor
16 by counter '8 redti®MOLarr 8Rt VEBEpPPPAE2 YR frd hen RF&ESELLi JRVEPLLRB:

o, o PSS BYATE UL 35 08 gl R 58,
for detectdpg dianeLhlskang pRESessRgObubpit! 4t - AR pR3Red RGN
each back- el ectronotive voIFage appearing I n each phase o fhe nuftl-phase
means and detects the prevailing current supplying state in order
to predict whether the edge of the masking ﬁrocessing output to
be supplied next is a rising edge or a falling edge. If the
predicted edge is not supplied, it indicates thattthe motor is
rotated in the reverse direétion. Thus, if an edge other than
the predicted edge is detected by the edgé detection means, the
current supplying state switching pontrol means inverts an output
of the holding means for switching the current supplying state
to each phase. This eﬁables the motor to be run in rotation in
correct direction at all times.

' The motor driving apparatﬁs according to the present
invention is a so-called sensor—less motor.driving apparatﬁs
.detecting the rotafional position of the rotor based upon the
back-electromotive force obtaiped fo: each phase of the motor and

" .switches the current éupplying state responsive to the rotational
position of the rotor. The cdﬁparator means éompares each back-—
electromotive force prbduced in e#ch-pﬁase and a_commbn voltage
which ié a neutral point voltﬁge of the motor. The pulse width
modulation means forms and outputs a pulse width modulated signai

for rotationally driving the motor based upon the motor rotation



nmotor and for on/off controlling an upper |ayer transistor and a | ower

| ayer ‘transi stor of each phase responsive to the results of detection for
switching the current supplying states to each phase for rotationally
driving the notor. The notor driving apparatus includes switching timng
detection neans for detecting the timng_of swtching the direction of
rotation, and controlling neans for si ﬂianeously turning off the upper

| ayer tragsiet Sigul the | ower |ayer transistor of each phase for a pre-set
time at the timng of swwtching of the rotational direction as detected by
t he switchi ng Thenimig icemeptl sa wibdtis deltlee tinomedn s vd elge alppahat nsnamaar di ng
to the present invention also includes conparison neans for conparing back-
el ect r onmoRw ke Wildtageas hpperdfhghienpndspetid e modudesedf s bgnad firomphhee
notor to a common voltage which is a neutral point voltage of the

mul ti - pha%lélmtwthpwg‘g IGtdPR RBADFat i hEe rbhgmum Ritl S&ug’ﬁﬁttf'i Rgsphice

i dt h nodyl at egdl. si gpal s for rotational ly.driying t tor. b
motor 1 otSRFoRt Lt o e, gk ot AT piFER kPN RHkes (7 ER RoRaut pea”
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detect the back-electromotive force by sample-holding each
comparison output-of the comparator means at the.detection.
timing of the minimum pulse width of the pulse width quulated'
éignal. The motor driving means-fﬁns the motor in rotatiqn based
uﬁon the'back—electromoti;e force of eagh phase which is this
sample—held ocutput. .

This achieves di;ect PWM.driving in which the motér is
driven directly by the PWM éignal.

The reversing signal outputting meéns outputs a feversing
signal for applying reverse direction current supplying braking
of flowing the current in the motor for generating the back~
electromotive force based upon the motor rotation error signal
supplied from outside. If fed witﬁ the reversing signal from the
reversing signal outputting means, the affected phase detection
means detects a phase for which are produced changes in each

_back~e1ectrombtive force based upon each comparison output
sampled Ey the sampling means. The holding means holds and

OUtputs~one of the comparison outputs from the sampling means for

a phase other than the phase for which are produced changes in



17 nmodul ati on nmeans, sanple-and-hold nmeans for sanple-hol ding
conparison outputs of the conparison neans at a timng of detection of
t he m ni mum pul se. width of the pul se wi dth nodul ated signal by the m ni num
pul se wi dth detection neans, and notor driving means for formng a control
~signal for each phase for on/off driving_the upper |ayer transistors and
the |ower |ayer transistors based upon €ach sampl e-held output from.the
sanpl e- 4W¢ RSk wegsEromasivgi £eRFAgati ARRECHEERY | bRenphhectiRY eRERSE he
maxi mum pul se wi dth positjon of the, pul se w dth nodul at S| | for

ot ect 1 natatre i ReB3R SARF Aohar bl Y Bt t s Saaen ERenadB8E b et i ng

3PP A U, iP SUH Wmcl 8- oBEGIENGe! PHEN ALl WbAPparatus of the

sensor-| ess system o etectin e rotational position of the rotor based

upon the back-ril£ehaBl®si dsudt¥ £ Aitec30R. Pliasen Of sy itz Brakengoiar and
effecting switching control of the current supplying states responsive to

the rotalimad pwWDrtiivdmg.of the " rotor. The conparat or neans conpares
t he back-el ectronotive force appearing in each phase of the notor tothe
common vol t agelhwhimek imemimel seewtidah get et Vo tmegarsop £t hize mottor. dTheipal se
wi dt h nodul ati ng. nreans forns and out puts a pul se wi dth nodul ati on si gnal
for apparatus according to the present invention detects the maximum
ﬁulsé width position of the pulse.width modulated signal from the
pulse width mpdulation means and samples the compafison outputs
of the céhbarator means ;t the detection timing of the maximum
pulse width. The motor driving meaﬁs brakes the motor by short
braking of generating_the counter;torque in the motor based upon
the motor rotating current until detection of the maximum pulse
- width of the pulge'width médulated signal by.the maximgm pulsé
.width detection means. If the maxihum pﬁlse width of the pulse
width modulated signal is detected, the motor is braked by the
counfer direction currenf supplying braking. .

Thus the short braking may ﬁe switched to the counter
direction cu?rent supplying braking or vice versa according to
réquirements.

Tﬁe- motor driving apparatus according. to the present
invention is a sensor-less motor driving apparatus detecting the
rotational position of lthe rotor basea upon the back-

electromotive force obtained for each phase of the motor and

‘'switches the current supplying state responsive to the rotational



rotationally driving the notor based upon a notor rotation error signal.
The m ni mum pul se wi dth detection neans detects the m ni num pul se width
position of the pulse w dth nodul ated signal fromthe. 18 pulse width
nodul ation nmeans. The mini mum pul se width position specifies the peri od
duri ng whi ch the pulse width nodul ated sjgnal is turned on. The

sanpl e- and- hol d neans sanpl e-hol ds the @&?rparl son outputs fromthe

conpar at 0ipoRBEAENAS £ t ke RS €5 13N dri /T 110 RhtlrBe 17hEI OheN Pod&e aidtibwalr t he'
pul se wi dt h nodul ated signal for detecting the back-el ectronotive force.

The not or ldwyieri ngamsdstorst atfi oseth yplasewesorheotattdonbdded drperinghd Heack-
el ectronotive force of each phase which is a sanple-held output of the
sanpl e- anaottelrd neahe THiv st ey est idiimect dPYREHEPDI NB2R$ dieteralts dhievi ng
the notor by the pulse width nodul ated signal. Specifically, the

sanpl e- and‘°|’f<91td°ﬁéén§1FﬁEFhB’éss‘ékE‘F*ﬁlh'i‘&/et’G?rlfet ections means, masking

processing meagt 1849ngel 658 S NPAN 1P LAY D9 LRR0Ra1 SEIPLL ML, 20

upper layer transistor is controlled to be turned off, while the
lower layer transistor ie controlled to be turned on.. Since the
transietor has characteristics ef rising Eharply and decaying
gradually over a certain time when turned on aed off,
respectively, the turn-off period of the upper layer transistor
is partially overlapped with the turn-on period of the lower
layer transistor, so that a through—cuffent is produced. Thus
the control means turns the uﬁper_and lower layer-transistors of
the respective phases simultaneously for a pres—set time at the
rofaﬁional ‘direction switching timing as detected by the
switchihg timing detection means. The.time period during which3
the two transistors are'compulsorily.turned off, eorrespoeding
to the time period during which the two transistors are turned
on, may be set for the particular transistors in use. Thus it
becomes possible to switch tpe current supplying states'to_the
respective phases after complete switching of the on—off control
states of the two transistors to prevent the through—current.
For realizing-direct PWM driving of directly rotationally
driving the motor by PWM signal, the comparator means of the

motor driving apparatus of the present invention.compares the



The excl usive OR detection neans detects the exclusive OR of the conparison
out puts of the conparator neans and transmts the results of detection to

t he -maski ng processi ng neans. The maski ng processi ng neans detects the
current supplying switching timng to the respective phases and forns the
maski ng signals of the pre-set pulse width at this timing, and operates for
renmovi ng t he kickback noi se overlaid on the exclusive OR output by the

maski ng s?@ﬁkﬂe c%Wﬂ?QﬁhﬁﬁeﬁP?§ﬁdeﬁ“ﬁ§dsWPtGﬁFﬁgpPFﬁ?nﬁf tRemetige to
det ecti on, eapsmf&h e%ﬁg&%&%%ﬂg i%iné?EgeJthr%ldefoa‘y t[e?g%s%%%h?eﬁggﬁlél ng

processi ng out put of t proces heans &Hhd'

detected gglgert o rhe pamekl %d@%@%dula-@l%nbgseéa%ssWdﬂ%ﬁ@g@&ﬁ?ﬂ%i ?zn

conparison outputs of the conparison neans upon the ed

out put of pli hee adigit il adoRitllia@@dMEa B a1 THE r N € b NEBIANS d5aRng- RBJRotHE
sanpl ed output of the sanpling nmeans except that for the phase for which

the back-ketsedrupoti vhefpoteri sotaplonedrrohusignabl i Tge t hendinaaCbuPYW
driving. If an iron core notor is enployed as the notor, it is desirable

to advanceéif¢hle eefeehions aang wietsiedse Wi grimlipumopulse width position
of _the pulse width modulation sigqal from the pulse width
modulation megns.. The position of the minimum pulse width
speéifies the period Quring which-the PWM éignal is turned on.
The sample—and—hold.means_sample—holds each compa:ison output of
the comparator means at the détection timing of the minimum pulse
width of_the PWM signal.

With direct PWM driving, each comparison ' output of the
comparatof means is varied with the PWM signal thus making it
impossible_td detect the back—electromotive force. If, however,
each gomparison output is sample-held during the period when the
PWM sigﬁal is turned on,. the back-electromotive force can be
detected even during direct PWM driving. The motor driving means
runs the motor in rotation based upon the back-electromotive
force in each phase which is the sample-~held output of each
sample—and-hold means.

When carrying out such direct PWM driving, the switching
timing detection means of the motor driving-apparatus according
to the present inventidn detects the maximﬁm pulsg width position

of the PWM signal. The maximum pulse width position of the PWM



correcting the delay in the driving current caused by coil inductance.
Thus, with the notor driving-apparatus according to-the present invention,
t he del ayi ng neans del ays the edge detection output of the edge detection:
means foy a pre-set tinme and transnmits the del ayed output to the sanpling
means. This enables the delay in the drgjging current due to the coi

i nduct ance to be conpensated to capture the back-el ectronotive force at a
correct t3V8TRL SRPEATERE ?Rﬁ(ﬁ°t&FP9Pﬁ@ ﬁbﬁ%ﬁ%&?ﬂ;%&é&GPdPﬁgt{%ITﬁe EPé§ent

i nvention the qyrrent sup ntrol | N9, Tean: ects

e n gchlng 0 &
whet her ah'% StteBERB gﬁ%pﬁ lfst eltﬁ'ﬁ ﬁ%’ﬂ)fl%g ??osrﬁ"f‘h e é’tg tion
means or E o egge @ %{Il@g WSabR! NG P! F6F fth%(?etbl}e SES 2 NG P aRge The

fact that et'ect1 on out put ‘or e dela out put 1s not suppfled
|nd|catest$;gugﬁJEhﬂauﬁy asS de@le i®led abelvat ed in the prevailing current
suppl ying state. Thus, if no edge detection output nor the del ayed

out put | SBELEID|DESCR THI ONIIOFe MHES DRAWINGG St ate switching control neans
varies the contents of the holding nmeans for 20 - '

Fig.l1 is a Dblock diagram showing a conventional motor
d;iving apparatus. | |

Fig.2 is a circuit diagram of a filter c¢ircuit and a
comparator providéd in the conventional motor driving apparatus.

Fig.3 is a time chart for illustrating the operation during
normal rotation of fhe-cbnventional motor driving apparatus.

Fig.4 is a circuit diagrah of é voltage conversion circuit
provided in thé conventional motor driving apparatus.

Fig.5 is a circuit diagram of a driving unit provided in the
conventional motor driving apparatus.

Fig.6 isla time chart for illustrating the reason the direct
PWM driving cannot be acﬁieyed with 'the.conventional motor
driving apparatus.

Fig.7 is a block diagram showing an embodiment of the motor
driving apparatus éccording to the present invention.

Fig.8 is a time chart for illustrating the operation dufing
normal rotation of the motor driving apparafus shown in Fig.7.

Fig.9 is a circuitldiagram_for comparing the common voltage
and the back-electromotive force in each.phase coil provided in

_ the motor drivipg apparatus shown in Fig.7.



switching the current supplying state to each phase of the notor. This
enabl es notor start-up characteristics to be inproved. Wth the notor
driving apparatus of the present invention, the edge detection neans
detects the rising edge and the falling. edge of the masking processing
out put of the naski ng proce55| ng means 2&nd detects the prevaili ng current

suppl yi ng state 0 or der to t mhethe t he edg t he maskin
pr ocessi ng'ou%‘béf 1P51Be sﬁbﬁ g ﬁé?ﬁrf"g’ Y 866 eﬁbg_wave AT n%eerdge

f th d it dndi
IT the predichg gggg?dégl ety »fyﬁpée]%d dzllvxn%dh gm ga;hém [PtPfg |

rotated inthe reverse 0 er than the pred| cted

edge-is detectpqg RY §Heaednseiled £4d 400 d]fe@a,ogtﬂaeuﬁyfrsﬂévﬁmlm N1 at e
switching control means inverts an output of the hol ding nmeans for

Swi t chi Nghdthe awiveénk appRrytay shewe 1M Eoglv phase. This enables the notor
to be run in rotation in correct direction at all tines. The notor
driving apparFdtgud2 dscordimyitt diagirem phewonrg a masht cdncirgt apswv ddd ed
sensor-less notor dri VI_I’J% apparatus detecting the rotational position of

t he rotorithdded 19838 tRétbhack-el ectronotive force obtained for each phase

of the notor and Sﬁntches the current, supplyi Sg state responsiye to the
rot ati onal po§’ﬁd ofStife FOFBRItTHRL SPBF 1 RBarfd c8HBAr eSC AT hack-

el ectrom)l;trl,ovve1 2GS th%dligglcl Qn‘f%‘?h phase and a comon voltage .

Fig.14 is a circuit diagram showing a time delay unit
provided in the logic unit.
Fig.15 is a circuit diagram showing a starter.unit provided
in the logic unit.
: Fig.lS is a circuit diagram showing a deqoding unit provided
in the logic unit.
Fig.17 is a circuit diagfam showing a timing.controller
provided in the logic unit.
Fig.18 is a circuit diagram showing a PLL ci;cuit provided
in the logic unit.
Fig.19 is a circuit diagram shoﬁing a timing controller
’prov1ded in the logic un1t |
F1g 20 is a timing chart for illustrating the detectlon
timing for detecting the back-electromotive force during PWM
_ control of the motor driving appﬁratus'showﬁ in Fig.7.
Fig.21 is a timing chart for illustrating the operation of

prohibiting the through-current of the motor driving apparatus



which is a neutral point voltage of the notor. The pul se wi dth nodul ati on
means forns and out puts a pul se w dt-h nodul ated signal for rotationally
driving the notor based upon the notor rotation 21 error signal. The
m ni mum pul se w dth detection neans detects the m ni num pul se w dth
position of the pulse w dth nodul ated sipgnal from.the pul s5e w dth

nodul ati on nmeans. The m ni mum pul se width position specifies the period
duri ng whitclwnt He Fuiles@ .wi dt h nodul ated signal is turned on. The sarrpl i ng
means and the hol di ng nmeans detect the back-electronotive force

sanpl e-hol di nd *gad# clohpar FéBhnéutcﬁG{"toff“' th’el‘b?)trﬁférlé‘tgort%aﬁ‘él%\‘fh’t%

o gnal RS TRG BE SRR RLER S PHNESe rhShibied RepBhRl aHe Al ARE el ie he
back- el eof [ Y8 LAEE AT SR PG N AN hS ddV G SATMiGgh ggapwa

This achieves rect riving the notor is |rect y by
~the PWM singl -inTh8 g.@versing signal outputting nmeans outputs a reversing

Fig.23 is a timing chart for. illustrating an output
controller provide in.thé logic unit shown in Fig.ll.

Fig;24 is a circuit diagraﬁ of a driving unit'provided in
the motor driving apparatus shdwn.in Fig.f.

Fig.25 is a timing chart for illustrating the PWM operation

- duriné norma.l rotatiqn of the motor driving apparatus shown in
Fig.7. | |

Fig.26 is a circuit diagram for illustrating the switéhing
operation of switching from thé usual }otation to the copnter
current applying bféking system of fhe motor driving apparatus
shown in Fig??. | .

Fig.27 is a timing chart for illustrating the operatioh

- during counter direction current supplyihg braking application
of the motor driving appafatus shown in Fig.7.

Fig.28 is a timing chart for illustrating the PWM operation
during counter direction current supplying braking application
of the motor driving apparatus shown in Fig.?.

Fig.28 is a timing chart for illustrating the current path
during counter direction current supplying braking and current

path during short braking of the motor driving apparatus shown



signal for applying reverse direction current supplying braking of flow ng
the current in the notor for generating the back- electronotive force based
upon the notor rotation error signal supplied fromoutside. If fed with the
reversing signal fromthe reversing signal outputting neans, the affected
phase detection means detects a phase fopgwhich are produced changes in
each back-el ectronotive force based upon each conparison output sanpled by
t he saanWme%ans The hol di ng nmeans hol ds and out puts -one of the

compar | Sk UL S AITlEN BEP AT pERERE" £RRBBARB her than the phase

M—are proguceua Crarges 1l onotive force as
detected by tf}eepgb,ftei%t Qopbﬂéedfié&ﬁf;gg O'I:HEQ'%%edTQﬁbH@ir@énﬁé io4 RImBEaRS
brakes the notor ase upon each sanpl e-hel d out put of the hol di ng neans.
Thi s enabjesv ooainhppa fat €St b8BoBHE AN oS WY Vi s ditakimgeritniahi rectl PUd
driving. The maxi mum pul se wi dth detection neans of the notor driving
appar at usesproimedigint aldtiea Ipr esent i nventi on detects the maxi mum pul se

mndth position of. the pulse w dth nodul ated signal fggomthe :
The motor driving apparatus embodying the present 1nvent10n

is a so—called sensor—less motor driving apparatus, gnd includes
a comparator 2 for comparing back—elecfromotive voltages Uin, Vin
andIWin generated in a U-phase coil 1U, a V-phase céil 1V and in
a W-phase coil 1W, respectively, to a referenée common voltage
COM, generated at a neutral poiﬁt of a three—phase motpr 1, #nd
a full-wave rectifier 3 for full-wave rec;ification of-.a
rotational servo signal (V control) of the three—phase motor 1
for outpu£ting a rectified signal ‘as a reference signal Vrec; and
for outputting a reveqsing sighal for applying a rotational
braking to the three—phase motor 1, when a minus sign rotational
servo signal is supplied thereto, for applying é. rotational
braking to the three-phase motor 1, as shown in Fig.7.

The motor driving apparatus includes a logic unit 9 for
generating and outputting control signals Uu, Ui, Vu, Vi, Wu and
wi for_driﬁing £he dfiver 10 and for driving the PWM circuit 7,
based upon.the pulse width modulated signal from the PWM circuit
7, comparison signals U, V and W from the comparator 2 and the .
reversing signal from the full-wave rectifying circuit 3. The

motor driving apparatus also includes a driver 10 for driving the



pul se w

conparator neans at the detection timng of the maxi num pul se wi dth. The
not or driving nmeans brakes the notor by short braking of generating the

dt h nodul ati on neans and sanpl es the conparison outputs of the

counpter-torque in the notor based upon the notor rotating current until

det.ectio
t he nBexi

n of the maxi mum pul se wi dth of

mum pul se wi dth detection means.2

t he pul se wi dth nodul ated signa

pul se wi dfhrﬁﬁﬁgﬂ‘%&%d‘%%‘naqu%PW% é@, thpecafditerl isdgppaRedu by it,h&u,
Thus .t he short braki ng nay be

count er
swi t ched

pr esent

rotationahoP@sit iion tdfe EBem 8F 04 RASELHRRAA Fhe b

obt ai ned

State responsage tiod theecsmpadd @l viaZh AAiclirat i6h ¢ Necu ¥ Qonk)Y s@Rhef f

controll

dj ' i | yi br aki ng.

S A G T P e T

accor di ng, Lo, Leghi 1T Ser IhE: AR Ae Ui A% BRRALALUS: AGFOGLNG L0 Lhe
a €8s dr I'ng ée g fhe

i hvention 1s &Ct Pn

sensor - not or | appar at us

for each phase of the notor and sw tches e current supplyi

ing the upper and |ower
of the resistor 5 and the capacitor 6.

The operation of the above—described motor driving apparatus

of the instant embodiment is as follows: If the current is

' supplied to, for example, the U-phase coil 1U and the V-phase

coil 1V of the three-phase ﬁotor 1, the U-phase éoil 1U and the
V-phase coil 1V operate for génerating the torque and thus act
as a motor. However, the remaining W-phase col 1W operates as
a genérato? for generating a back-electromotive voltage. The
motor driving apparatus of the instant embodiment is configured
for detecting the rotational positidn of the rotor based upon

the back—-electromotive voltagés generated in the phase coils 1U,

e

nyﬂﬁqgﬁpqggh%%ik rce

g

1V and 1W for switching control of the current conducting state -

résponsive to the results of detection for rotationally driviﬁg
the three-phase motor i.

Specifically, the back—electromoti?e voltages Uin, Vin and
Win, generated in the phase coils 1U, 1V and 1W, as shown in
Fig.8, and the common voltage COM at a common terminal la, which
is a voltage at a neutral point of the three-phase motor 1, aré

fed to the comparator 2.

The comparator 2 is made up of three comparators 2a to 2c

by

f the maxi mum pul se width of the



| ayer transistors of each phase for rotati-onally driving the notor. The
swtching timng detection mans detects the rotational direction
switching timng. During the time of switching the rotational direction,

t he upper layer transistor.is controlled to be. turned off, while the | ower
| ayer transistor is controlled to be turggd on. Since the transistor has

characteri'stics of rising sharply and decayi ng gradual ly qQver a certain
ti me wherfarutREJUGRNARY: oY TPha 2R Bt ithel Y-Ph¥ge ¢ (Ah-SBOWMpdpi Ed8of - t he upper

| ayer transistor i ariial l ver| apped with the rn-op._peripd of, the
I o%er I ay°e9’“"1°r"ar‘1’§i1§?8ﬁ Eé@ f%a?e‘g ??llro urgen-ecruer"rceentvoitl_gaﬁ?ogﬁgga?gﬁgsttt"ﬁe _
control G datdls bRCLUPRE! ffle | A d 1 BERIrchic?T9kbSL81 £aRbsl DEn! OPRRCLI VO

phases simil'taneously for a pres-set tine at the rotational di rection
SWi t chi ngadd W0 A% dRIPIANRY RY af RRsIWLbeBi B8 thel BEmPeF&EH T OPa NBE@ASY~ The

time period during which the two transistors are conpul sorily turned off,
corresponshdage ! @omparkitoe perfad Whildse whidchot tiee toumparaitirs2er soare-
turned on, may be set for the particular transistors in use. Thus it
becones ppisssdl aespeskivehyt hel vaurcoamparsdppby2agt ¢t eompariehdéheebpekti ve
phases after conplete switching of the on-off control states of the two
transi st ot s8¢l pahisit veR&agRE U, CUiy emd WEBy Wi ithiengogmoacyopinee
driving Ogoﬁi£59§|¥éfé¥égéé¥“§4BQhown in Fig.8a, to generaté éomparison
signals U, V and W, shown in Figs.8b to 8d. These cpmpanison
signals are routed to thellogié unit 9.

The kickback noise, shown in'Figs.Bb to 84, is sﬁperimposed
on the éomparison signals U, V and W at the current conduction
switching timing tp the respective phaée coils 1U, 1V and 1W,
respectively.

?he full:wave rectifie? circuit 3 is configured as shown'in
Fig.10 and has a first comparator 3a for comparing the rotational
servo signal (V control), generated by‘the-rotational serﬁo
system or a digital signal procesSor_.(DSP), based upon the
rotating stéte of the three—~phase motor 1, to the reference
voltage from.the reference voltage generating circuit 3b, and a
second comparator 3b for comparing the comparison output of the
first comparator 3a to the reference voltage, for full-wave
rectification of the rotational servd signali The full-wave

rectified rotational servo signals are outputted as the reference

voltage Vrec.



driving the notor by PWM signal, the conparator neans of the notor driving
apparatus of the present invention conpares the 24 back-el ectronotive
force induced in each phase of the notor to the conmon voltage which is the
neut.ral . poi nt voltage of the notor. The pul se wi dt h- nodul ati on neans
fornms and -outputs a pul se width nodul ategysignal for rotationally driving
the notor based upon the motor rotation error signal. The m ni mum pul se

wi dth det ecti ohf nEBhsraBt 8€t $hehet v esTRiIvASsUIRRL Al dt heposeds o efethetpul se

wi dt h nmodul ati on signal. fromthe pul se w dth mpdul ati on neans. The
posi tion VB4t héiﬁi nf il iNee sKFden SpRREY 88 tﬂbe pBiPBE dum4ty §AFch-

the PWW sigpalide Lenedhen Thg,samile: padiiols, means, sagp! e-holds egeh

conpari son outpu t he conparator neans a e détection ti of the

M ni MUM peldiSa ¥ dtdhellrelrlde e RYY §J>9€‘@ée th_r?\ed.&'[)@ﬂ:_igm ggé.tx‘é\jdqgﬁﬁlngﬁcﬁn .

conparison output of the conparator neans is varied wtl e PWM si gnal
thus maki fige i tthiFpossinpardrddes@ct the Ragkie¢kactwiamwt the WAhas-ihbut

however, each conparison output is sanple-held during the period when the
rotationgl serv signal, the full-wave rectifier circuit 3 forms
a reversing signal (Reverse) for applying a-notatiohal braking
to the three-phase motor 1 and transmits the reversing signal
(Reversé) to the logic unit 9 és later explained.

The current detection resistor 11 (Risens) -detects the
current, supplied to the respective phase coils 1U, 1V and 1W,
in the form of a voltage. This detection signal (Current Sense)
is integrated by the integration circuit consisting of the
resistor 5 and. the capacitor 6 so as to be supplied to the
comparator 4.

The comparator 4 compares the reference signal Vrec from the
full-wave rectifier circuit 3 to the integrated detection sign#l
(Current Sense) detected by the current detection resistor 11 and
routes the comparison output Verr.fo the pulse with modulation
(PWM) circuit 7. | |

The PWM circuit 7 modulates the comparison output by pulse
width modulation to form a pulse width modulated signal (PWM:
Carrier) which.is supplied to the logic unit 9. This indicates

that the current driving by pulse width modulation is being

carried out: .



PWM signal is turned on, the back-electronotive force can be detected even
during direct PWMdriving. The notor driving neans runs the notor in
rotation based upon the back-el ectronotive force in each phase which is the
sanpl e-hel d out put of each sanpl e-and-hol d neans. Wen carrying out such
.direct PMMdriving, the switching tim ng3detection neans of the notor
driving apparatus_according to the present invention detects the maxi num

pul se wi dt h pd&ie 181Ut he PR SPERABUr TR HESA MM IBUF4& - di dt AR PR on of

t he PWM 25 signal specifies the ro i onal. _directi.on,sw,tchin I M ng.
Thus the & P%Fgﬁé%t?\% TS gt’tﬁea'f‘é\g}’t ﬁﬁﬁéf'ét%rﬁ%t}(s}icr}r‘l'?latcgnégﬁ%?y}%?mt he

maxi mum Qul se. u | .M By prohLhLLiNg the cyrr .- as
descri be aezo(\:/eé\fflg%%éEdFImDESéR‘fHS#%%ro%%%THEQBER\%*I{IGS aléjiég. %D?gygg%l ggkem

di agr am shiQiid veBORONERBE) 088t cu IDIY 4Hd W RGraRPahakeSiokig - dnif 28.
circuit diagramof a filter <circuit -and a conparator provided in the
conventional rteoExdri ¢inguap@r alakes an exclusive OR of the comparison
signals U, V and W to form an Exor signal shown in Fig.8e. The
Exor signal, thus generated, is supplied tpo a masking circuit 21.
Since the kickback noise is superimposed on the comparison
'signals U, V and w{ the kickback noise is superimposed on the
Exor signgl as well. .The rising edge and the decay edge.of the
Exor signal_specifiés the zero-crossing points of the common
voltage COM and the back—-electromotive voltageS'Uin, Vin and Win

as shown in Fig.8a. .

The masking circuit 21, shown in Fié.lz, has a first AND
gate élatfed with-the Exor signgl having the kickback noise
superimposed thereon and a first maék signal Maskl from the
inverter 21, and an OR gate 21d fed with an output of'the,fifst
AND gate 21la and a second AND gﬁte 21b. The-masking circuit 21
also has the second AND éate 21b fed with the first mask signal
and an .output of an OR gate 21d and a D-flipflop 2le for
synchponiiing an output of the OR gate 21d.

The first mask Signal is formed at the current supply
switching timing by a time delay circuit 23 as latgr explained,
and has a pulse width of, for example, twd internal clocks from

a timing controller 27, as later explained, as shown in Fig;Bj;



Fig.3is atinme chart for illustrating the operation during normal rotation
.of the conventional notor driving apparatus. Fig.4 is a circuit diagram of
a voltage conversion circuit provided in the cohventional notor driving
apparatus. Fig.5 is a circuit diagramof a driving unit provided in the
conventional nmotor driving apparatus. Figs6 is a tinme chart for :
I 11 ust ratJﬁg? %tx[a reason the direct PW drivi ng cannot be achieved with the
conventio LPIHaR il af‘ﬁ'ﬁ’zfﬁ’d’@@s‘zelsl guiPpEsa0h| bk QR EptemZidoming an
enbodi man;,eg’ éget(;mgrp drjvin ‘ﬁ paratus according to the present

I nvention IS a |1rrnetecha K- ustrati ng the operation during

nornal rotati ogp@f; f{\a D} OF ¢ AL \ﬁhgqm’rgpadlartc'@i tsr@l\mhégdgl Und- Iegu%ulss a

circuit diagramfor conparing the co n voltage and back- &l'éct P8t i ve
force in seabepbfseneoEkopr @vigaad ,i rt hﬁﬂmttqu %fult\bh’ﬂg %Blaarfﬁcfo‘%s si ‘éﬂ in

Fig.7. 26 Fig.10 is a circuit di agram show ng a full-wave recti

circuit pwbendeue ifinsite mskosignali by @pparighs 1evewnot refig. 16w 1eve1,_ :
respectively. This generates a masked Exor signal, "no longer
containing the kickback noise, as shown in.Fig.Bf.' This masked
Exor signal is fed to an edge detector 22 shown in Fig.11.

The pulse-width of the first m#sk signal is equal to the
pulse Wiqth corresponding to two internal clocks. The reason is
that the_kickback noise in'ﬁhis case is generated with a. pulse
width not larger.than thé two clock pulses; The pulse width of’
the first mask signal differs with the motor Qhose rotation is
to be controlled. Thus the pulse width of the first mask signal
is preferably set in dependence upon the pulse width of the
kickback noise of the motor whose rdtation is to be controlled.

The edge detéctor (synchrﬁnous differenfiating circuit) 22
includes a first D-flipflop ZZa for synchronizing the masked Exor
s1gna1s with respect to the internal clocks and a second D-
flipflop 22b for re—synchronizing the masked Exor signals,
.synchronized by the f;rst_D;flipflop 225; with respect to the
internal clock, as shown in Fig.13.

| The edge detector 22 has.a first AND gate 22f for taking a
logical product of the hasked Exér signal from the first D-

flipflop 22a, a second mask signal inverted in polarity by an



Fig.11 is a block diagramof a logic unit provided in the notor driving

apparatus shown in Fig.7. Fig.12is a circuit diagramshow ng a nmask

circuit provided in the logic unit. Fig.13 is a circuit diagram show ng

an ,edge, detector provided in the logic unit. Fig.14 is a circuit

di agram showing a tine delay unit provicad in the logic unit. Fig.15 is a

circuit dja ram-s&gvréﬁ; g% a starter_ unit provided in the logic unit. Fig.16
o]

is a circttYehHhPam Shotd 1R £ RIeddeyanfit BredPdaEdor 18Ry dgre GhF: .
::'Ogl é%'&%éc%:%%—?lli?ﬁ%z?a%schqwaggt?gﬁn'iénhggla?xoﬂéyr &ly:_etrnepri(r)ﬁ\’/'eg%gr' D, Lhe

a circuit drad W' ng circuit prowa‘éd I n

the | ogi C, i d s dhdl ANDS gzat%i gggi)tquii 29k 2Rk STHW N i3 2l BrRAuEeNbEOLLET

provided in the logic unit. Fi Is atimng chart for illustrating the
detecti onpisk@dIELOF Segral i Pfomhenbagkreteptroiptioe boaceidverbed PYW

control of the notor driving apparatus shown in Fig.7. Fig.21 is a timng
chart forpolaostyabynghehénepetatri @2cqf the second mask signal and the
masked Exor signal from the second D-flipflop 22b. The edge
detecﬁor 22 has also a first OR gate 22h for taking the 16gica1
sum of iogical outpﬁté of the first and second AND gates 22f,
22g. | |
The edge detecfor 22 has a third AND gate 22i-for taking a
logical product of the masked Exor signal from the first D-
flipflop'ZZa, the second mask signal and the mask Exor signal
from second D-flipflop 22c, inverted in polarity by an inverter
22d as later explained, and a fourth AND gate 22j'for'taking the
logical product bf the masked Exor signal from the first D-
flipflop 22a, inverted in polarity by the inverter 223’,th3
second mask.signal inve:ted in polarity by the inverter 22d, and
the masked Exor signal from the second D-flipflop 22b. The edge
detector 22 also has é second AND gate 22k for taking the logical
outputs of the first AND gates 22i and 22j7.
. The second mask signal is formed by. prediction by the
decoding unit 29, as later expléined, based upon the current
conducting state in the phase coils 1U, 1V and lw of the three—

phase motor 1. In further detail, the three-phase motor 1 is

rotationally driven by six current conducting patterns, that is



prohi biting the thrdugh¥current of the notor driving appératus

27 shown

in Fig.7. Fig.22 is atimng chart for illustrating the switching operation

of switching between the short braking systemand the current conduction

braking systemin the notor driving apparatus shown in Fig.?7.

Fig.23

S

a

timng - chart for illustrating an out gyt controller provide in the | ogi ¢

unit shown in Fig.1ld. Fig.24 is a circuit diagramof a driving

- provi ded & AifAs ﬁBFB?“Hr?9?%@F%h$%r%§h%e@hoﬁﬁnﬁﬁ5Fﬁ§g7i“FPg°25bF§ahiQ¢n1ng

uni-t.
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operation

and L, a fourth current conduction pattern, con51sting in

a

combination of L, H and L, a fifth current conduction pattern,

consisting in a combination of L, H and H and a sixth current

conduction pattern, consisting in a combination of L, L and H,

" of back-electromotive voltages Ures, Vres and Wres shown

in

Figs.8k to 8m. The combinations of H, H, H and L, L, L are not

employed. Thus the decoding unit 29 is able to predict the next

current conduction pattern by decoding the prevailing current

conductlon of - the back—-electromotive voltages Ures, Vres and

Wres. The pred1ct1on output is the above—mentloned second mask

signal.

The back-electromotive voltages Ures, Vres and Wres

are

inverted in polarity during rot&tion in the usual direction and

during rotation in the reverse direction. Thus the sequence of

the current conduction patterns is reversed during rotation in

the usual direction and during rotation in the reverse direction.

Thus the edge detector 22 switches between the SD Exor signal and

the Invert signal for the rotation in the usual direction and for

the rotation in the reverse Qirection, respectively, and outputs

the so—selected output.

Thus the masked Exor signal is supplied to the

first



~during counter direction current supplying braking application of the notor
driving apparatus shown in Fig.7. Fig.28 is a timng chart for illustrating
the PWM operation during counter direction current supplying braking .
appl i catjon of the notor driving apparatus shown in Fig.7. Fig.28 is a

timng chart for illustrating the curr3mt path durlng counter dlrectlon
current su I ng Jarakin and ¢ rrent path dur rt brakl
not or drﬂ?ﬁﬁ}{g@p é‘tus H*’28f’i‘hstF|B t?ij IEE % t&i‘—; THE

PREFERRED, EVRRA NEM&B%F&AQ%&% ,f%drﬁ% Skl QT r"s‘ig%’%}i"‘i‘omﬂtes of a

not or dr|V|ng apparatus dccordin resent 1 nvention w

expl ai ne¢ ;i-gtdgadi thi dd®-MOl Yt 1%sv12@9 appar, at tge epoghy | Mor I iy e ot
invention is a so-called sensor-less notor driving apparatus, and incl udes

a conpar ales LrdmsmiMavel NgskaakeLd £GligAENt Ve Vid tiages tidirn22dito amd Wn
generated rn a U phase coil 1U, a V-phase coil 1V and in a Wphase coil 1W
respectlwebppdt@na.ﬁqﬁnaﬁemu® gemesn22p| t28fe. The second D- f11pflop 22
counting the 1nterna1 clocks by one transmits the masked Exor
signal v1a_the inverter 22c to the first and third D—fllpflops.
22f, 22i, while transmitting the é#me signal to the second and
fourth AND gates 22g, .22j.

Thus, during.rotation in the usu#l direction, the SD Exor
signal having a pulse width correspOnding to one internal clock,
as showﬁ in Fig.8g, is formed by the second mask 51gnal at the
thirad and fourth AND gates 221, 223 at the rising timing and at
the decay timing of the masked Exor signal. This SD Exor signal
is suéplied via the sgcond OR gate 22k to the mask circuit 21,
while being also supplied to a time delay circuit 23, a starting
unit 24 and to a phase locked loop (PLL) circuit 25.

During rotatioﬁ in the usual direction, an inverted sigﬁal
(Invert) having a.pulsé_width cdrresponding to oné internal clock
is.fofmed by the second mask signai at the first and second AND
gates-ZZf, 22g at the rising timing and at the decay timing of
thé masked Exor signal. This inverted signal Invert is supplied
via the first OR gaté 22k to a three—phase logic unit 28 as later

-explained.

The three—-phase motor 1 is an iron—-core motor, for example,



COM generated at a neutral point of a three-phase notor 1, and a full-wave
rectifier 3 for full-wave rectification of a rotational servo signal (V
control) of the three-phase notor 1 for outputting a rectified signal as a-
reference signal Vrec, and for outputting a reversing signal for applying a
rotational braking to the three-phase nngfr 1, when a mnus sign rotational
servo signal is supplied thereto, for applying a rotational braking to the
t hr ee- phage nbeordriivess Bhovire ing Fifgd7. witkle edrEendrioNeRy dBfardegrees

i ncludes a logi.c unit 9 for generating and outputtinchontrol signal s Uu,

U, Vu, LSOk i&nd®ev Sherndifvi He: Bhe draw &7 1¥874nd FBr LBPPVFAES tPREPUM
Clroull BB nb b8 Py Sq it AR IRIuLAREE, Sl 003l (LLaB ke fIlL 6d T Cul

7, conparﬁson sifgnal’s rom the a e reversing

signal fromLigsd ubh- wavd it 1 di C%%g%kr?ecﬂﬁg mMehe" adnlayl Nt fi‘Pth@r atus

al so includes a driver 10 for driving t 29 three-phase, notor
responsi g 0 igh@ueeBht ddusit@absl Wnddd tandb . VThubitnd ie eyt ieit ogi c

unit 9, and a current detection resistor 11 for. detecting the driving
current cﬁaltldelhhseebmasegnal SD Exor by, for example, 30 degrees
eleétric, The period of the signal SD Exor is 60 degrees
electrié, such that, if the internai_clock has a frequency eight
times as large as the signal-SD Exor, the period of the internal
clock is 60 -? 8 pulses = 7.7 degreeé,.Thus, for delaying 30
degrees glectric, it suffices to count four internal clocks.
Specifically, the time delay unit 23 is configured as shown
fqr.example in Fig.;4, in which first to sixth shift registers
23a to 23f are reset by the rising edge of the signal SD Exor
for transferring a high-level signal to the next stage of the
shift register for each internal clock. The first AND gate 23h
is fed with an output of the fourth shift register 23d and an
output of the fifth shift register 23e inverted by an invertér
23g. Thus the first AND gate 23h forms a signal Delay T of one
pulse width, at a timing'of counting the signals.SD Exor by four
internal clocks, as éthn in Fig.Bi. Siﬁce the internai clock
has a period of 7.5 degrees, the signai Delay T, which is the
signal SD Exor delayed by 30 degrees electrié, may be formed by
counting four intgrnal clocks (Fig.8a). This sigﬁallDelay T,

which becomes high at the current supply switching timing to the



motor 1 in the formof a voltage and for supplying the resulting voltage to
the conparator 4 via an integration circuit consisting of the resistor 5
and-the capacitor 6. The operation of the above-described notor drivi.ng
apparatus of the instant enbodinment is as follows: If the current is .
supplied to, for exanple, the U phase coi il1U and the V-phase coil 1V of
the t hree:-phase t , the U phase coil™ 1U and the V-phase cojl 1V
operat e PB S§e°n°en% %gq’t ﬁ%ds'()'r q\f’eséfﬁalt‘ﬁﬁst%ctt%’eas‘:a‘zieﬁﬁf’ pse _}-Eﬁvb?/é‘r“,“‘t he
remai ni ngg\W pRases Gl 1 YeqRS! 3 ¢3 _l?ée&‘ gner]:%reatt%rrefegkpg.ggegg‘%%@%nait 28
-back-el ectronotive Vol tage. "The notor diiving apparatus o e 1 nstant

enbodi megk & Ss L@ 1 IR kO odet RE th AWk 1d1Q dtRlo@bitaRR! vBeShEEONU AL, tig rotor
based upon the back-electronotive voltages generated in the phase coils 1U,
1V and 1WwhBowiaw ashwhil cioatéopl Hinddesubydgrieinta@nduct i ng state responsive
to the results of detection for rotationally driving the three-phase notor
1. Specifical The $éeomddlile|gadter @80t i vef edlwiddesnUontp\Vitno fintheNVfgurth
generated in the phase coils 1IU, 1V and 1W as shown in Fig.8, and the
conmon vEhiA§eT e 8T 2 3bmmeh ancput AUt 9% ththisdiktihsshifb| xegistar 23feutral’

poi nt of .the three-phase notor 1, are fed to the conparator 2. The '
conpar atdpvfr}tgdﬁﬁﬁgt lwefﬁf”ée2§brrpérrhé’tsoftgeZ%F"E‘?PdZC“‘ND gate 23j forms

and outputs the first mask signal having. the pulse width
corresponding td the tw§ internal clocks, as shown in Fig.8j. If
the 'pulse width of the first mask signai is increased
excessively, masking proceeds to‘the.zero—crossing point of the
back-electromotive voltage thus affeéting the current supply
timing for the motor. Thus, in the instant embodiment,.the pulse
width of the first mask signal .is-set to two internal clocks,
that is 15 degrees electric. The first mask signal is fed to the
mask circuit 21 so as to be used for masking the kickback noise.

In the time delay unit 23, an output of thé sixth shift
register 23f goes high af-the samg'time as the first mask signal
goeé low. The high-level signal is fed to the starting unit 24
as a trigger signal (signal Flug) for actuating the starter 24
now expiained.

Referring to Fig715, the starting uni; 24 includes first to
fifth counters 24a to 24e reset by the signal 8D Exor for
counting fhe internal clocks, and a.first AND gate 24f.for taking

the 'logical product of outputs of the first and second counters



30 for the U phase, V-phase and the Wphase, as shown in Fig.9. The comon
voltage COMis fed as a reference voltage to each of the conparators 2a to
2c.  The back-el ectronotive voltages Un, Vim and Wn are suppliéd via
reS|stors to the conparator 2a for U phase, conparator 2b for V-phase and
to the conmparator 2c for W phase, respegdively. The conparators 2a to 2c
conpare the back- electronotive voltages U n, Vin and Wn, with the comon
vol t age GQM,a24d feéf e iirleyims thleowesubt Fhg. Signd o tgenieat ki ©d @I tSan '
signals U V and W shown in Figs.8b to 8d. These conparison signals are
routed t @4che [Thgi ctariting unié RAckBackinolvdes showwmcond ANS Bta 2481, is
superlnposed on the con?arlson signals U V and Wat the current . conductlon
swi t chi ngfan #igHd "o thRe Péé%%tt?%d%"as%f ARty f1 Yhangl 1% ?%sb‘é’c’fq vely.

The full - ct f t 3 f d_as sh Fig.l
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control),, %%%%th Eﬂﬁ ro’kﬂ&'?@ﬂtﬁ%%ﬂn%%ﬁeg‘lg[) 2ndightal a SLRNA

processor based upon t
AND gate 24h for taking the logical product of outputs of the

0 a{ld has

first to fifth counters 24a to 24e for outputting the resulting
signal, and a D—flipflop 24j for synnhronizing an output of.the
fourth AND gaté 24i based upon internal clocks and outputting the
resulting signal as a signal Step for .switching the current
supprlying patterns.

_ Thelsignal Flug is supnlied periodically to the starting
unit 24 for each complete revolution_of the three—phase'motor 1.
If, however, the current is supplied to an inappropriate phase
coi;, or the notqr ;s at a standstill, the signal Flug,ceases to
be supplied to the starting unit 24. In sunh state, the current
continues to be supplied to the same phase goil so that the motor
cannot be started, while there is a risk of the phase coil being
destroyed by being continuously fed with current. Thus the
starting unit 24 is started at a timing when thé high-level Flug
's1gna1 is supplied, that is directly after the current supplying
state is sw1tched after sampling the back—electromotlve voltage,
.and counts 32, for example, of the internal clocks._ If the

" signal SD Exor is not supplied until counting 32 internal clocks,

the three—phase'motor 1 is deemed to be at a standstill, and a



rotating state of the three-phase notor 1, to the reference voltage from
the reference voltage generating circuit 3b, and a second conparator 3b for
conparing the conparison output of the first conparator 3a to the reference
vol tage, ,for full-wave rectification of the rotational servo signal. The
fulF-wave rectified rotational servo sigpgls are outputted as the reference
vol t age Vrec. 31 If the rpmof the three-phase notor 1 exceeds a pre-set
val ue, theigmahtStemalfoseswitshigralta $heheext nesr 1 erputc ongluctdwer pagtethe
rpm ~ Thus the full-wave rectifier circuit 3 conpares the reference
vol t age tbs tifeuedtat Thhals igdaloStpnks suPRIHed fprrthe dFseaPtasgdlogies
supplied with _the mnus-input rotational serv signal, the full-wave
rectifier®tYc&ft 3 forms a reversing signal (Reverse) for applying a

oo br ek ha fo the er : q ! _ o
rotationa r%Q%@eﬁﬁgfiﬁggme@h@@%}%ﬂ‘?ﬁg%njit %le%égéf ¢h tRE %‘%}485'”9

signal (Rever: l'ogrc unrt as lrater exp The curr
det ecti ong £ &4 5 £ polih t( &S%§)bét_g$—ie€/‘l\}e%tt%ociqﬁf'é9051t§§9pié & tleR tld€ana

respective phase coils 1U, 1V an
the counters 24a to 24e are reset by the signal SD Exor.

The douni nﬁmber of the internal clocks, herein 32 counts,
are set in dependence upon the torque constant of thé tﬁreefphase
motor 1 or the inertia operating as load. The count number may,
however, bg set to any arbitrary value other than the abové—given
value. |

The three-phase logic unit 28 samples thé.back—electro—
motive voltages U, V and W, based upon the above signal Delay T,
and forms the back—-electromotive voltages Ures, Vres and Wres as
sampled'outputs, which are supplied to the decoding unit 29.

The decoding unit 29 is cbnfigured as shown in Fig.16, aﬁd
includes a Uu signal forming unit 35 for forming a first control
signal Uu for on/off control of én‘upperllayer transistor for the
.U-phase coil, a Ui signal forming ﬁnit 36 for forming a second

" control signal Ui for qn/off control-of a lower layer transistor
for the U-phase coil, a Vu signal'forming unit 37 for forming
a third control signal Vu for on/off control'of an upper layef
trangistor for the prhase_coil, a Vi signal forming unit 38 for
forming a fourth control s;gnal Vi for on/off control of a lower

layer transistor for the V-phase coil, a Wu signal forming unit



in the formof a voltage. This detection signal (Current Sense) is

I ntegrated by the integration circuit consisting of the resistor 5 and
the capacitor 6 so as to be supplied to the conmparator 4. The conparator 4
conpares,the reference signal Vrec fromthe full-wave rectifier circuit 3
to the integrated detection signal (Current Sense) detected by the current
detection resistor 11 and routes the cﬁﬁparison out put "Verr to the pul se

wi th modubgt ggp f‘gymngiECFi¥tl¥-an€¥gMPéﬂ£1Uiﬁu e DG Y145 Jag reQmBar i son

out put by pulse wdth nodulation to forma pul se w dth nodul ated si gnal
(PWM Carr gar yppéi Chayér Sty s it d10 fidie thegiwepHakt &oi iThignd ndiwcatsagniahat

the current driving by pulse width nodulation is being carried out. - 32
The 1 ogi c fomining usiCoHf ifgur €drasnghaveixtrh FAontkbl shgnal Wi tiver conjoditi son .
signals U, V and W having the kickback noise fromthe conparator 2

superi nposedatroihefeanlowgrelageppt rans ivtah ity WrrtRseEeeri)l .ci Theit 20

and a t hree-phase Io%ic uni-t- 28. . . .
) respective transistors are provided in the driver 10 shown in

Fig.7. The decoding unit 29 includes first to third OR gates 29a
to 29c for forming fifst td third OR gates 29a to 29c for forming
_third mask signals Mask2-U, Masks—v and MgskS—W_for the U-, V-
and W phases, respectively, Which becbme high level signal f&r
a pre-set period'at a timing of appearance'of changes in the
 back—e1ecFromotive voltageé for the respective phases U, V and
W, respec%ively, and first to third inverters 29d to 29f for
inverting the back-electromotive Qoltages Ures, Vres and Wres
from the three—phase logic ﬁnit.28 and outputting the inverted
signals. |
The Uu signal forming unit 35 has an AND gafé 35a, supplied
with the back—electromotive voltage Ures: the back—-electromotive
voltage Vres, inverted by the second invertéf 29e, and the back-
" electromotive voltage Wrés, inverted by the fhird inverter 29f,
an AND gate 35b, supplied with the back—-electromotive voltage
Ures, the back—~electromotive voltage ers, invbrted by the second
inverter 29e, and the b#ck—electromotive'voItage Wres, and an OR
gate 350 for outbutting the logical sum-of outputs of the AND

gates 35a, 35b, as the first control signal Uu.

The Ui signal forﬁing unit 36 has an AND gate 36a, supplied



The Exor circuit 20 takes an exclusive OR of the conparison signals U, V
and Wto forman Exor signal shown in Fig.8e. The Exor signal, thus
generated, is supplied to a masking circuit 21. Since the kickback noise
i s superinposed on the conparison signals U V and W the kickback noise
I s superinposed on the Exor signal as |1. The rising edge and the decay
edge of the Exor signal specifies the 0-Ccrossing points of the common’

vol t age apd t ack- i ve Vot Ui M @S sghown
o E o ad tmate, BEcRACKSLERIS O N ek B e A R e

21a fed withdthe E¥Qr ehdnlchaviedd roid thvekbertadwivee ssupati thesati-her eon
and a first mask signal Maskl fromthe inverter 21, and an OR gate 21d fed

Wi th an quigdtiroffottive ol sagANDr @€} ei ider tardd by $beohblipdDigee et @i [29f . The
masking circuit 21 also has the second AND gate 21b fed with the first mask
signal arch asNDDuggte 364, asupRl jed ewiphidthadbackt® ¥¢¢torangt Ve vebrage
synchroni zing an output of the OR gate 21d. The first sk. signal js formed
“at the culremt isygstedsiw it fd nsitnilAyeByen 13%e ta8 H?g@i’%ﬁ? romobive ot er .
o e e P, b B Pra P SpaiRel AR Shos 2R 0

gate 36c for outputting thg logical sum 6f outputs of the AND

gates 36a and 36b as the second control signal Uu.

The Vu signai forming unit 37 has an AND gate 37a, supplied

with'fhe back—-electromotive Qoltaée Ures frdm the first inverter’

29a, the_ back-electromotive voltage Vres and the b#ck—

electromotive voltage Wres, inverted by the third invertér 29f,

an AND gate 37b, supplied with fhe back?electromotive voftage

Ures, the Dback-electromotive voltage .Vres and the back-

electromotive voltage Wres, inyerted by the third inverter 29f,

and an OR gate 37c for outputting the logical sum of outputs of

the AND gates 37a and 37b as the third control signal Vu.

The Vi signal forming unit 38 has an AND gate 38a, supplied

with the back—-electromotive voltage Ures, inverted by~the first

inverter 29d, the back—electroﬁotive voltage Vres, ihverted by

the second inverter 29e, and the back—electromotive voltage Wres,

an AND gate 38b,‘supp1ied with the back—eleétrdmotive voltagg

Ures, the back—electromotive voltage Vres, inverted by the second

inverter 29e, and the back—-electromotive Qoltage Wres, and an OR’

‘gate 38c for outputting the logical sum of outputs of.the AND



33 The D-flipflop 21e synchroni zes outputs of the OR gate 21d wth respect
to the internal clocks. Specifically, the masking circuit 21 holds the
previ ous state of the Exor signal, or directly outputs the Exor signal when
the,first mask signal is at a hlgh | evel or at a low |level, respectively.
This generates a nmasked Exor signal, n 3Ionger cont ai.ni ng the ki ckback

.noi se, as shown in Fig.8f. This masked Exor signal is fed to an edge

detect or g &h@Wa,i B38bi @slineThBuPUhSEoMt f6 1 ©fghde ¥irst mask signal is
equal to the pulse width corresponding to two internal clocks. The reason
I's that the kiTHebWokshghsk fording wase 3i8shgenenasil gatteh 3®apukspphiedh not
| arger than the two cl ock pul ses. The pulse width of the first nask signa
differs with ttihe pocsrelnsseomet iveonol tage Uresoriinverted. byThbs €hespul se

wi dt h of the flrst mask. signal is preferably set in dependence ugon t he
“pul se wi AW FEeThS 3 c i ar?&‘§é36ﬂ‘rf’ﬁ8tﬁﬁ?o?’°\)xﬁ6§§ V&esri OAVPELED B¥

controlle The eage detqgtg S r.onous. di fe gntl t|n %FCUI&

i ncl udes % BT ffa ¥8§H§V%gﬁfgnl PR ?ﬂ% é@ B85t éF@nals ,

mnth reSQEQtAﬁQ &Q@e'@éﬁrnéhpﬁhgggswggg %h@e%Q@Q Qlectrdmotlve voltage '
Ures, 1nverted by the f1rst 1nverter 29d, the back—-electromotive
voltage Vres, and the back-e 1ectromot1ve voltage Wres, and an OR
gate 390 for outputting the logical sum of outputs of the AND
ggtes 39a and 39b as the fifth control signal Wu.

The Wi signal forming unit 40 has an AND gate 40a, supplied
-with the back—eiectromofive voltage Ures, the back—eleétromotive
voltage Vres, inverted by the second inverter 29e, and the back-
electromotive voltagé Wres, inverted by the thifd inverter 29f,
an AND gafe 40b, supplied with the back—electromotiye voltage
Ures, the back-electromotive voltage Vres, and the back-

.electromotive voltage Wr;s, inverted by the inverter 29£, and an
OR gate'400 for outputting the logical sum of outputs of the AND 
gates 40a and 40b as the sixth.control signal Wi.

The first OR 'gate 29a, fed with an output of the AND g;a.te
37b of the Vu signal forming uni£ 37 and an output of the AND
gate 392 of the Wu Signal forming unit 39, takes a logical sum
of the outputs for forming the third mask signal Mask3-U.

The second OR gate 29b, fed with an output of the AND gate

35a of the Uu signal forhing unit 35 and an output of the AND



flipflop 22b for re-synchronizing the masked Exor signals, synchronized by
the first D-flipflop 22a, with respect to the internal clock, as shown in
Fig.13. The edge detector 22 has a first AND gate 22f for taklng a | ogi cal
proguct of the masked Exor signal fromthe first D- flipflop 22a, a second
‘nmask S|gnal inverted in polarity by an ,, 34 inverter 22d as later

explalned and a masked Exor signal fromthe second D-flipflop 22c inverted

in polari gytbysdbeof n¥Retwl £2¢nal afdlrmi weaniit AY) galkes22g 1beli chakisag t he
| ogi cal product of the masked Exor signal fromthe first D-flipflop 22a,
inverted oA pbeacutpuby fde formimgerti2¢hirdemesbondgnadkMasigha¥. and the
masked Exor signal fromthe second D-flipflop 22b. The edge detector 22
has also a fir becﬁ‘ga@eolﬁleﬂ%rzqfaklﬁmﬂtwf} (?gﬂ (%tPé‘l}m%ff IhggANRI 88&eput s

of the first and nd AND gates 22f e dete 22 has_a
third AND3§at 8t Zﬁﬁef M SdEPR 5°F8¢P€aP“b?oauan h8“h8 &eﬂ fetbe &0nal

from the fg'artat 355 bt RhLOBu28Rend 1 SEEONS JHRSK 5 Al AN 4G :TRTK SROT

si gnal
' of the outputs for forming the third mask signal Mask3-W.

The above—described decoding unit 29 forms first to Sixth
control signals Uu to Wi for on/bff control of the uﬁper and
lower layer traﬁsistors of the respective phases, based upon the
above—-described first to sixth current supp}ying patterns of the
back—electromotive voltagés Ufes, Vres and 'Wres.

That is, if the back—electromotive voltages Ures, Vres and
Wres supplied to the decoding unit 29 are of the first current
supplying pattern (H, L, H) and the second current supplying
pattern (H, L, L) shbwn in Figs.8k to 8m, the Uu signal forming
unit 35 outputs the first céntrol signal Uu, which is #t high
level during this time, as shown in Fig.8r.

Similarly, if the back—electromotive voltages Ures, Vres and
Wres supplied to the decoding unit 29 are of the fourth current
sgpplying-pattern (L, H, L) and the fifth current supplying
pattern (L, H, H) shown in Figs.8k to 8m, the Ui signal forming
unit 36 outputs the second control signal Ui, which is at high
- level during this time, as éhown in Fig.8s.

‘-If the back—-electromotive voltages Ures, Vres and Wres

supplied to -the decoding unit 29 are of the third current



fromsecond D-flipflop 22c, inverted in polarity by an inverter 22d as.

| ater explained, and a fourth AND gate 22 for taking the |ogical product
of the masked Exor signal fromthe first D flipflop 22a, inverted in

pol arity,by the inverter 22e, the second mask signal ‘inverted in polarity
by the inverter 22d, and the nasked Exgr signal fromthe second D-flipflop
22b. The edge detector 22 also has . a 42cond AND gate 22k for taking the

| ogi cal ol pityBi g did Sin ANP. g@gesa,ﬁ{zi tﬁé‘dfgghhTQ@r?@H@”?ugﬁ§bi§ggnal

is formed by prediction by the decoding unit 29, as |ater explalhed, Based
upon the patte (@QndycL)nghswat eni Pigbesphesawoidhe W, si¥nandsdWhohgt he
three- phase notor 1. In further detail, the three-phase notor 1 is

rotati onadsit d37 veut it sitheutherd comdes! | siggpal teunsyhidiatis sat h3gha
first current conduction pattern, consisting in a conbination of high (H,
low (L) ak@Vel gRutHye Ahdscdridreouraenshevnddet iBig (fdt-t er n I fcorsd sbaal-in a
conbi nat i og of H a third current conduction pattern, consisting

L and L
in a conbf %ﬁtr'b‘ﬂﬂ%ff”%f,n YPLA3BES NTeSur tWretir 2Ot WRARIUEMPBALBAL tter nthe

ConSiStingeé£hfhg unit 29 are of the first current supplying pattern (H,
L, H) and the sixth current supplying pattern (L, L, H) ghown in
Figs.8k to 8m, the Vi signal forming unit 38 outputs the fourth
control signal Vi, which is at high lgvel during this time, as
shown in Fig.Bﬁ.

If the back-electromotive voltﬁges Ures, Vres and Wres
. supplied to the decoding unit 29 are of the fifth current
supplying pattern (L, H, H) and the sixth current supplying
.pattern (L, L, H) shown in Figs.8k to 8m, the Wu signal forﬁing
unit 39 outputs the fifth control signal Wu, which is at high
level during this time, as.shOWn in Fig.8v. if the back-
electromotive voltages Ures, Vres and Wres supplied to the-
decoding unit 29 are of the second current supplying pattern (H,
L,.L) and the third current supplying pattern (H, H, L) shown in
.Figs.Sk'to ém, the Wi signal forming unit 40'outputs the sixth
.control signal Vi, which is at high level during-this time, as
shown in Fig.8w.
The control signals Uu to Wi; thus formed, are éupplied to -
an output_controllér'SOZ which will be explained subsequently.

The first OR gate 29a takes a logical sum of an output of



conmbination of L, Hand L, a fifth current.conduction pattern, consisting
in a conbination of L, Hand H and a sixth current conduction pattern,
consisting in a conmbination of L, L and H, of back-el ectronotive voltages
Ures, Vres and Wes shown in Figs.8k to 8m The conbinations of H H H and
L, L, L are-not enployed. Thus the decoding unit 29 is able to predict the
next current conduction pattern by decdﬁ?ng the prevailing current

conduct i ofh OfANDIGalRACK 78] 8¢t EREDVLVE: ¥RL T AL uni Y 89 8Rd YHhesutdhe
prediction output is the above-nentioned second mask signal. The

back- el ecd f s iAW® gakbapes 4f ahe Wiesigndl\¥etmbig dniveBBedorNfophtigty -
during rotation in the usual direction and during rotation in the reverse
di recti ore thhiusl maskseygent Maoski+He whirahegpesohdabtfamn apareesat psrieder sed
during rotation in the usual direction and duri.ng rotation in.the reverse
directi oret THR® ¢hangRidel Midtee @xfort i bagkeles trempsénet Melbpeexdres ghal

and the I nvert sig€al or the.rotation in the usPal d%r$cgion and for the
rotation FRCYhe'? eVt8 1P di rERIT ohP1resPatki §2802  ah¥ bYL pb? sthhethree-

SO'SeleCtgﬁa9¥t9¥éic-UH¥% the masked Exor signal is supplied to the first

..The seconleR gate 29b takes a logical sum of an output of
the AND gate 35a of the Uu signal forming unit 35 and an output
of the AND gate 39b of the Wu signal forming unit 39 fqr forming
a third mask signal_Mask3—V which goes high for a' pre—-set period
at the éhange timing of the back-electromotive voltage Ures as

" shown in Fig.8p. This third mask signal is.fed to the three-—
phase logic unit 28.

"The third OR gate 29¢ takes a 1ogi§al sum of an output of
tﬁe AND gate 37a of the Vu signal forming unit 37 and an output
of the AND gate 35b of the Uu_signai.forming,unit 35 for forming
a third mask signal Mask3-W as shown in_Fig.Sp. This third mask
signal is fed to the three-phase logic unit 28.

Thus the OR gates 29a to Zéc predict which one of the edges
of the back—electromotive_ voltages Ures, Vres and Wres is
oncoming next based upon the current supplying patterns aﬁd send
the predicted edge as the third mask signal,(MaskS—U, Mask3—V.or

’ Mask3¥W) té the phase logic unit 28. |

Referring ne*t to Fig.17, the three-phase logic uﬁit 28 has

a U-sampling circuit 45 for sampling the .back—electromotive



36 flipflop 22a. Thus- - the first D-flipflop 22a counting the internal
cl ocks by one transmts the nmasked Exor signal to the first and third
D-flipflops 22f, 22i. The first D-flipflop 22a also transmts the nmasked
Exor sigpal via the inverter 22e to the second and fourth AND gates 22g,
22]. The second D-flipflop 22b counting the internal clocks by one
transnmts the masked Exor signal via th&7inverter 22c to the first and

third D-fLopthapu Adong22he ¥k e { & QNIRJiVROVS DEased®) SivoRAl W Qs hidre
second and fourth AND gates 22g,.22j. Thus, during rotation in the usual

di recti oncommper$bokxontpuysnab fhaheng cngaate rwizdtdhasar riaspbigi g tadore
internal clock, as shown in Fig.8g, is forned by the second nask signal at
the thirdragdstenréhi Ay dhtfor Imldizg the baekrebéaranatiing aed tatget Me _
decay timng of the masked Exor signal. This SD Exor signal is supplied via
the second2®R1§gt BY25be JTHRIENE cf iranit 245 whfhe B&rRg§-RhasesUmAiiced to

atinme del ay. gi.rcy' ta_l2$3d ! t Lt'i ng gnltt24 ar;lq: Fo a.l ha% Ig)p ed | oop
(PLL) cir&di'f 35 Vighi Pﬁﬁé@l Sn®i REEHE" TS FA™ di %&*FF)BH, at®itRett dor
R U T L e T A L
' signal Invert from the edge detector 22 on detection of the
rever;e gotation of the three-phase motor 1 or stepping. the
current.supplying pattern for the regisﬁer 28i for U as the neif
current supplying pattern by the step signal Step from the
starting unit 24 in case of faiiure of rotor rotation. |
The.three—phase logic-ﬁnit'ZB includes a V-sampling circuit
47 for sampling the back-electromotive voltage V, and a register
for V 28j) for holding the back-eleqtrométive voltage V sampled
by the V sampiing circuit 47. The three—phase logic unit 28 also
includes a register control cirquit for V 48 for invertinglthe
contents' of the register for V 28j by the inversion signal
(Invert) on detection of the reverse rotation of the three-phase
motor 1 or stepping the current .supplying pattern for the
register ZBj.for V as the next current suppl&ing patiern by the
step signal Step in case of failure of rotor rotation.
'The three-phase logic unit 28 also includes a W—sémpling
-'circuit 49 fdr sampling the back-electromotive voltage W, and a
register for W 28k for holding the back-electromotive voltage W

sampled by the W sampling circuit 49. The three—phasé logic unit



gates 22f, 22g at the rising timng and at the decay timng of the nasked
Exor signal. This inverted signal Invert is supplied via the first OR gate
22k to a three-phase logic unit 28 as | ater explained. The three-phase
notor 1 Ls an iron-core notor, for exanple,. 37 and is driven by being
fed with current over 120 degrees eigct‘ric, as shown in Fig.8a. For
driving such iron-core notor (three-phase notor 1), the current supply is
preferablag aduascerhd ruddse tpegi stdghlcotxiront & DFcwiay r eeki ng e glekay in
the driving current due to coil inductance. Thus the tine delay unit 23

del ays t henwegnialg $be Exomt dayt s fot tdeanpg kst &0 foaghWe28k dyedhei ¢nverdhen
period of the signal SD Exor is 60 degrees electric, such that, if the

i nt ernal signad haEnver kgaandeteicgtiont iafesthe rargesas noatdegnaf Sthexor,
the period of the internal clock is 60 [err] 8 pulses = 7.7 degrees..Thus,

for del aytRPSPRARS BRECE bAT FECPPENEUTRT CHSTEECOUPR Y UiF PRALEFAatCT
e T S R A e S
the step signal Step in case Qf failure of rotor rotation.
The three-phase logic unit 28 also includes a first AND gate
28a for timing coﬁtrol of sampl;ng by the U samp;ing circuit 45
based upon the third mask signal (Mask3-U) from the decoding unit
29 and the signal-Delay T from the time delay 'unit 23, and a
second AND gate 28b for timing éontrol of sambling Sy the V
sampling circuit 47 based upon the fhird'mask signal (Mask3-V)
from the decoding unit 29 and the signal belay T. The'three—
‘phase logic unit 28 also includes a third AND gate 28§ for timing
control of sampling in the W sampling circuit 49 based upon the
ihi;d mask signal (Mask3-W) from the decoding unit- 29 and the
signal Delay T, and an OR gate 28g for controlling the étepping
of ﬁﬁe register control circuits 46, 48 and 50.
The sampling circuit 45 inclgdes aﬁ AND gate 45a, fed with
the back-electromotive voltage U; an output of the first AND gate
" 28a and an inverted output of the OR gate 28g from the inverfer
45c, and an AND gate 45d fed with an inverted output of the first
AND gate 28a from the inverter 45c, an output of the register for

i) ?81 and an inverted output of the OR gate 28g fpom the inverter
45e.



23a to 23f are reset by the rising edge of the signal SD Exor f.or
transferring a high-level signal to the next stage' of the shift register
for each internal clock. The first AND gate 23h is fed with an out put of
the fourth shift register 23d and an output of the fifth shift register 23e
inverted by an inverter 23g. Thus the fjgst AND gate.23h forms a signal
Delay T of one pulse width, at a timng ©of counting the signals SD Exor by

four internal ﬁ&%xﬁ%ﬁhgmrb@ Ewcﬁu f§+rk@e46 hed NiRshaln Ghoektbas a
period of 7.5 degrees, the signal Delay T, which is the signal SD Exor

del ayed. byuSputiedgr €as pégcétec.forayw Rekf premadney iaourtengidoUran puepnal
clocks (Fig.8a). This signal Delay.T, which beconmes high at the current
supply swf cthen@R gaitrg28® drtk the 8Bophasigmml ISt ey, ¥ndnean\YND gatiepdbbed to
the three-phase logic unit 28. The signal Delay T is used in the

t hr ee- phafed| Bt thf tOPBPYS <hf stdwm%ggqsﬁﬂ 28 @nd Hdepdewested: cgtprtve
vol t ages Ui n Vin apnd Wn be exgl ai_ned subsggélently The second.
AND gate 28j the PeBI%G%H %ﬁf‘ dhtzﬁi't fgem fhber dBYERLER fegi ster 23d and an

out put  of the,fﬁ ghﬁgw1ng ci CUl%r %31nc1udes an AND gate 47a, fed with
' the back-electromotive voltage V, an output of the second AND
gate 28b and an iﬂQerted output of the OR gate 28g from the.
inverter 45c, and an AND gate 47d fed with an invertéd output of
the second AND gate 285 from the inverter 45d, an output of the
.register for V 28j and an inverted output of the OR gate 28g from
the inverter 47e. '

_The register control circuit fof V 48 includes an AND gate
48a fed with an inverted output of the register for U 28i from
the inverter 48c, an output of the OR gate 28g and the above
signal Step, and an AND gate 48b fed with the signal Invert,-the
output of the OR gate 28g and the inverted output_of the register
for V 283 from the inverter 48d.

N The sampling circuit 49 includes an AND gate 48a, fed with
the.back—electromotive voltage W, an output of the third AND gate
.'28c and an inverted output of the OR gate. 28g from the inverter
49c, and an AND gate 49d fed with the invefted output of the
third AND gate 28 via the inverter 49d, an output of the register

for W 28k and an inverted output of the OR gate 28g via the

inverter 48e.



inverted by the inverter 23i. Thus the second AND gate 23] forns and
outputs the first mask signal having the pulse width corresponding to the’
two.internal . clocks, as shown in Fig.8j. If the pulse width of the first
mask sigpal is increased excessively, nasking -proceeds to the zero-crossing
poi nt of the back-el ectronotive voltage thus affecting the current supply
timng for the notor. Thus, in the i nst &% enbodi nent, the pul se wi dth of

the first maskrisd ¢edisiterS@bnk@oliVVeikBLEE NPSr OF BXKSinchibdksi &nlangeghees
el ectric. The first mask signal is fed to the mask circuit 21 so as to be
used for 5mskiaty wilth Kinvielraeld natpar bh the tegestdet dpruNi 833 fram ohéput
of the sixth shift register 23f goes high at the sane tine as the first
mask si gnihveoesr |39L, Pme onitght| efethei gRagate &g ang tthe gbavei agsoait 24
as a trigger signal (.signal FYug% for actuating the starter 24 now

expl ai nedSt&Rf 14 g B3 Le550phdedt with nbheniiend ilRveddes optput o8

,fifth coupt er 2% tQ 24e qﬁst.g t he sig alt%g,gﬁor fog'coy in Ee
internal trock:8 gﬁd %5f7?ét AND é§f§e§4? ?%H t%4ki‘n§ TR T%@HB%V'%r% Bct of
outputs of the.firslvand sagnd counters : ’
The three—phase logic unit 28 also includes a first OR gate
28d for taking the logical sum of.outputs of the AND gates 45a,
45b of the U sampling cifcuit 45 and outputs of the AND gates 46a
and 46b of the register control circuit for U 46 for supplying
the resulting.signél t6 the registér for U 28i, and a second OR
gate 289 for taking the logical sum of outputs of the AND gates
47a, 47b of the V samplihg circuit 47 and outputs of the AND_
gates 48a, 48b of the register control circuit fbr V 48 for
supplying the resulting signal to the‘register for vV 283. The
three~phase logic unit;28 alsé includes a third OR gate 28f for
taking the'logical sum of outputs of the AND gatés'49a, 49b of
the W sgmpling circuit 49 and outputs of the AND gates 50a,.50b
~of the register control circuit fbr w 50 fér supplying the
resulting signai to the register for W 28k.
The above—described three-phase logic unit 28 samples, by
the gampling circuit 49, the back;electroﬁotive voltages U, V and
W at a timing of coihcidence'of the signal Delay T delayed by 30
degrees electric, as'shown in Fig.8i, and the third masking

signals (Mask3-U, Mask3-V and Mask3-W) shown in'Fig;80 to 3g, and



39 24a, 24b for supplying.the resulting signal to the third counter 24c.
The starting unit 24 also includes a second AND gate 24g for taking the

| ogi cal product of outputs of the first to third counters 24a to 24c for
supplying the resulting signal to the fourth counter 24d. The starting unit
24 al so includes a third AND gate, 24h fgi taking the | ogical product of
outputs of the first to fifth counters a to 24e for outputting the

resul tingtsagsmits arre ardadlltiiplsl Gampdedf 86 gAY DENtONiwd NG A% tRAWHSP LI 10Tt o he
fourth AND gate 24i based upon internal clocks and outputting the resulting
si gnal aszékngﬂaIOPSt épteor 28di tehi B§ft. he This eenadlppl yamiy pahéembask-The
signal - Flug S supﬁlled perlodlcallég%o the starting unit 24 for each

conpl ete P&GBFEOPRRIVE VAbteseeoiph rbese roijlf whnisievbhes tunsleggonent .

suppl ied t an 0 te_ phase coil, or the nDtor is at a standstil
the si gnaf“# PﬁﬁsCeglgbes%f‘Bﬁ Eﬁbb?‘?“éﬁl”(% Y ageF Oifnghaintemain ing, rhaes

the. mot or COAERoF b et adhel fiepd sTHERC2PE 18,448 ST Rt slase ?e‘%atei“ﬁ‘g
destroyed By @slm Qﬁ'}fe'cmlwuébh’ R4 A CKUENBRE romo V8 vdT¥a Al flildedd Ul !
24 is started at a timng when ? he high-level Flug signal 1s é%ppl ed’ that
i's directMyeaf tand t bere®yr reRdt SURP! Xhed sampled outputs of the back-
electromotive vo;tages U, V and W held thereby a.s' s.hown in
Figs.8k and 8m, uﬁless the ‘signal Invert or the signal Step as
later explained is s@pplied.
If the capturing of the back—-electromotive voltages U, V and
W is carried out at the zero—crossing point with the common
. voltage COM, there arises such inconvenience that, if the value
-éf the back—elect?omotive voltage is small as at the time of
motor stért—up or during 10Q speed rotation, an incorrect phasé
coil is fed with current sucﬁ that the motor cgnnqt be started
or the rpm of the motor is decreased to halt the moﬁor rotation.
With the present motof driving.apparatus, the back—-electromotive
voltages U, V and W ére captured by the éignal Delay T at a .
timing delayed by 30 degrees electric from the zero—crossing
point so that the back-electromotive voltages U, V and W can be
captured correctly.
Next, if the inappropriate phase coil is fed with current
.or the motor rotation ceaées, the signal Flug is not supplied to

‘the starting unit 24 as described above, 32 of the internal



state is switched after sanpling the back-el ectronotive vol tagé, and counts

32, for exanple, of the internal clocks. If the signal SD Exor is not
supplied until counting 32 internal clocks, the three-phase notor 1 is
deened t,o be at a standstill, and a 40 signal Step for switching to the

next current conduction pattern is issued. This signal Step is supplied to
the three-phase logic unit 28. The oper%ﬁi(an of the starting unit 24 ceases
when t he caercks aressiongted by dfhet hedinwdesel i@t rianideveo Vot haget ast deg ect ed
and the counters 24a to 24e are reset by the signal SD Exor. The count .
nunber ofuntite 2finser hagt cihwcled gniadr Sitep32ocostrrr ing doséhej peyepentesrte upon
the torque constant of the three-phase notor 1 or the inertia operating as
| oad. THROPIYHCENRABEPTRRY S ABTRESr, be set to any arbitrary val ue other

than the abovendiven val.ue. . gesgh%e - phase e unit 28 samples the

back- el ectro- #%tlve voltgge usté 8ﬁd%%fpba%gg up5ﬁ tRhe* ¥ ovegS|gn%T-DeLay

T, and f g e Acks & AT YRR VOl LABRS WS 48/ Y WESt&Sthe
operating s{ate so that an inverted signal from the register for.
W 28k is.subplied from the register contfol circuit for U 46 via
the inverter 46c¢c to the register fof U 28i so that an inverted
output of the register for U 28i is sﬁpplied from the register
control circu%t for V 48 to the register for V 28j, while an
inverted outpuﬁ of the register 28j from the invertér-50c is
supplied from the_register control circuit for W 50 to thé
register for W 28k..

Thus the output of each of the registers 201 to 28k may be
stepped to an,output of the next current supplying pattern. This
stepping is continued until the three-phase motor 1 is stgrted
and thé signal Step ceases to be supplied. This enables motor
rotation to be started reliably on start-up for improving
starting chargcteristics.

If the rotation in a rotational direction reversed from the
usual rotational direqtion is deteéted by the edge detector 22,
the signal Iﬁyért is issued. Whén fed with the signal Invert, the
three-phase logic unit 28 has.the reéister conﬁroi circuits 46,

- 48 and 50 set to the'operating state so that an inverted signal

from the register for U 28i is supplied via the inverter 46d to



sanpl ed out put s; whi ch are supplied to the decoding unit 29. The decoding
unit 29 is configured as shown in Fig.16, and includes a Uu signal form ng
unit 35-for formng a first control signal Uu for on/off control of an

upper layer transistor for the .U phase coil, a U signal formng unit 36,
for formng a second control signal U ggr on/off control of a |ower |ayer
transistor for the. U-phase coil, a Vu signal formng unit 37 for formng a

third contfol,e5i@alr Yorf@r2én/sf k na@nid invifrta YoRghL! @y amet ragsiseer for
t he V-phase coi.l, a Vi signal formng unit 38 for formng a fourth contro
signal Vigbprvomgpfisconppbiedfvim | veridwsrerert Mdasitst ahef oeglihéey- pRase
coil, a Wi signal formng unit 41 39 for formng a fifth control signa
Wi for onapfif aponnvertefl antpppenfl dher tagisdiest W F8y inesenphuse &bl
and a W signal formng unit 40 for form ng a sixth control signal W for
on/ of f comnverter %9¢oVkrth%nRﬁg%ﬁﬂfﬁsﬁhﬁéwgfor the Wphase coil. The

espect Ve oSl ot 0r2n8es BLPE o e SEEyEtedR 38R el N - ple

tirst to tirqlvregteadq ﬂlatt?l%1%ggn£9rgt9f ian'.ro tt?lrogiengor rotation in the reverse
direction and outputted in the inverpéd state. Heretofore, a
compgrison output of the detected back—electromotivg voltages and
the cohmon voltage COM is simply outputted on inversion so that
correct current supply timingicannoi be achieved reliabLy. With
the present: motor ‘driving 'appafétus, the respecfive - back-
electroﬁotive voltages are sampled at a timing delayed by 30
degrees electric from the zero—crossing point by the signal Delay
T, so that the respective back—electfomotive voltages can be
sampled at correct timings and held By thg regiéters 28i to 28k
during rotation in the reverse direction. Since ﬁhe contents of
the registers 28i to 28k may be inverted in polarity and
outputted as inverted signals during the rotation in the reverse
direction based upon the signal Invert, the back-electromotive
voltages Ures, Vres and Wres détécted-at correct timings during
rotation in the revérse directionlmay be outﬁuttéd so -that the
three—phase motor 1 can be controlle& at the correct current
supply timing during the reverse rotation.

The back-electromotive voltages Ures, Vres and Wres, formed

by the three-phase logic unit 28, are supplied to the decoding



third mask signals Mask2-U, Mask3-V and Mask3-Wfor the U-, V- and W
phases, respectively, which becone high | evel signal for a pre-set period
at a timng of appearance of changes in the back-el ectronotive voltages for
t he.respective phases U, V and W respectively, and first to third
inverters 29d to 29f for inverting the ck-el ectronotive vol tages Ures,
Vres and Wes fromthe three-phase logiC unit 28 and outputting the
inverted wiphadS whelre Uhegi gnalsdmrmitegl unitd 8behfibrat tAND igatthe c3harol
supplied with the back-el ectronptive voltage Ures, the back-el ectronotive
vol t age \FE&nalfijit tegWhyfe peorerfohdantnelt ef bbe, upper tans Bawer layer

el ectromotive voltage Wes, inverted by the third inverter 29f, an AND gate
35b, supp?T%QFVﬁE?th%yﬁggﬁ-éFé@FF&ﬁﬁFiﬁgwfﬁﬁtagéTQﬁeE?sPhélng control .
back- el ec Y re i nverted he, second inverter 29e, and

t he back-%{%ﬁ%%ﬁﬁ%\?@t@%ﬁ g&e%\'s\‘fes?,u%gh’g 3% b&z"gé © 35c for out putting the

| ogi cal sum of o Fhg. AND : ' fd : a
signal Uu. 1Tm§{fgﬁ$gﬁzﬁBfg?§iﬁg’uﬂ?%qégﬁﬁggcgﬁQZREgagp§7§%2§E5888F§g

42 timing signals based upon the reversing signal Reverse from the
full—wave.rectifying circuit 3, motor on—off controi'signals (M
ON/OFF) formed by the central processing unit (CPU) for on—off
motor control, system clocks from the PLL circuit 25 (signal Pull
Out), main clocks of, fbr example, 500 kHz, from an oscillator
26 (Mqin Clock) and the PWM signal from the PWM circuit 7 (PWM
in). ' |

The PLL circuit 25 is configured as shown for example in
Fig.ls, and compares by a phase comparator 55 the phase of the
signal SD Exor supplied from the edge detector 22 and the phase
of the system clock (signal Pull.Out) outputted from the voltage
controlled-oscillatcr (VCO) 57 and divided -in ffequency by a
divide-by-N counter 58 into a frequency which is one—-eighth or
one—-sixteenth of .the sxstem' clock frequency. The phase
éomparison output is féd via a low-pass filter 56 to the VCO 57
for driving the VCO into oscillation. This generates the signal
Pull Oﬁt synchronized with the signal_SD Exor which is supplied'
to the timing controller 27.

Referring to Fig.19 the fiming controller includes a first

counter 6la for counting two main clocks of the oscillator 286,



with the back-el ectronotive voltage Ures, inverted by the first inverter
29d, the back-el ectronotive voltage Vres, and the back- el ectronotive
voltage Wes, inverted by the third inverter 29f, an AND gate 36b, supplied
with the,back-el ectronotive voltage Ures,- inverted by the first inverter
29d, the back-el ectronotive voltage Vr eg and t he back-el ectronotive vol tage
.Wes, and an OR gate 36c¢c for outputting Phe | ogi cal sum 6f outputs of the
AND gat esaBfae asek @6b asurttter $abofad rcepunolingi Y@l cdint Thd put ssdndirom
formng unit 37 has an AND gate 37a, supplied with the back-el ectronotive
vol tage Uthe fibdttepeurtentblayverThe Roming mogaod-lerelsondrrdedes| eage
Vres and the back-_electronotive voltage Wes, inverted by the third :

i nverter 58P, g%eAﬁ%&g PE BFHINE B pl PRECH tAF I &k 2o ICOU o AYEPYE R t age

s, o e B RS s i g B LSS

vol t age Inverted hver EeY n

out put tingt, @ekogh?:'alarﬁylg) th\i/;lut PYLS Q% gNe P%'}Dc,g%%n%?ﬁu@%%t%é 29t he

third control signal Vu. The Vi signal formng unit 38 has an AND gate 38a,
- suppl i ed whehatiheggdasle26] adler iRt hy ec ol A0 UaQSo FAYEGEEE 4y ANDE glitieSt

I nverter 29d, the back-electronotive voltage Vres, inverted by the second
I nverter B2b, fandtdingackoglieallr produre obdltthegeohespubpufd a2 3,
supplied with the back-el ectronotive voltage ' :
' a count output Q3 of the third counter 61c and a fourth counter
61d for counting tw6 outputs of the AND gate 62b for outputting
a count output Q4. The counters 6la to 61d make up a base—16
counter sucﬁ that the ultiﬁate counter output Q4 has a frequeﬁcy
which,is one-sixteenth of the main clock frequgncy.

The timing controller 27 has an AND gate 64a for taking a
logical product of the count output Q1, the count éutput Q2
inverted by an.inverter 63a, and the count outputs Q3 and Q4, an
AND_gate 64b for taking a logical output of tﬁe'count output Q1
inverted by”the inverter 63b and the cpunt outputs Q2 to Q4 and
an AND gate 64c for taking a logical product of the count outputs
Ql to Q4. '

The timing controller 27 includes An AND gate 65a for taking
a logical product of the PWM signal (PWM in) from the PWM circuit
T and'an output of the AND gate 64b and an AND gate 65b for
taking a logical-product of the output of the AND gate 64D
inverted by the inverter 65c¢ and the output of a D—flipfiop 66.

- The timing controller 27 also includes an OR gate 65d for taking



Ures, the back-electronotive voltage Vres, inverted by the second inverter
29e, and the back-el ectronotive voltage Wes, and an OR gate 38c for '
outputting the logical sumof outputs of the AND 43 gates 38a, 38b as
the.fourth control signal Vi. The Wi signal formng unit 39 has an AND gate
39a, supplied with the back-el e.ctrormtivg voltage Ures, inverted by the
first inverter 29d, the.back-electronoti 8 vol tage Vres, inverted by the
second i rveragic®@Desummf tthe HAk-g3tect BGADRNDe 660l Radea\Wes] ipnldpiDsgat e
39b, supplied with the back-el ectronotive voltage Ues, inverted by the
first invERE YUY OiRd nigaerterEEL PHbRE VRR BRSPS Woedheamdiphelocks.
‘back- el ectlaé) tive vol tta?;('i Weg and an CRé:jate 39c for outputting the

| ogi cal sURS of* UG P8 6P 1ARE ARDP 48P elnabudes PBAT S&tend8 fprntebibEol
signal Wi, The: W, si f ] ni t. has .an_AND gat.e_4Qa,, supplied with
the back- @&l le%; }écﬁxﬁlt)tél%aélglafq‘;gge rugs,Oft ﬁg]ebgclg-qéf’gé??o%t |a_9 \‘}BFtESE“V es,

PN T L e g D I HE L
t he back-pd£ripdred iMe buektiag@son the reversing signal Rev from the full-
wave rectifying circuit 3 for forming aﬁd outputting a braking
switching signal (PWM inversion Short/Rev) for switching between
short braking and reverse currenf sﬁpplying baking as laﬁer
explained. | | |
The timing controller 27 includes an AND gate 69a for taking
a logical product of the motor on-off control signal (M ON/OFF)
and the output of the AND gate 64c, and an ANﬁ'gate 69b for
talking a logical prbduct of the output of the AND gate 64c
inverted by the inverter 69¢c and the output of the D—flipfiop 70.
The timing controller 27 also includes an OR gate 69d for taking
a logical sum of outputs of the AND gates 69a, 69b, and a D-
flipflop 70 for synchronizing outputs of the OR gate 69d to- the
main cfoéks. The timing controller 27 also includes an AND gate
71 for taking the logical product of an output of the D-flipflop
70 and an inverfed output of an inverter 72f for forming dnd
outputting an output open sighal for preventing. through-current
as later explained.
The‘timing controller 27 dlso'hAS an AND gate 72a for taking

a logical product of the reversing signal Rev from the D-flipflop



Ures, the back-electronotive voltage Wres, and the back-

el ectronotive voltage Wes, inverted by the inverter 29f, and an OR gate
40c for outputting the | ogical sum of outputs of the AND gates 40a and 40b
as the sixth control signal W. The first OR gate 29a, fed with an’out put

of the AND gate 37b of the Vu signal foiﬁ? ng unit 37 and an output of the
AND gate 39a of the Wi signal. formng It 39, takes a logical sumof the

outputs feu,fiivemad By ther thveste Sitakal alyasds-dbt pliteo s e - igF1e p29b;

fed with an output of the AND gate 35a of the Uu signal formng unit 35 and
an out put 76f ahe AADAND 4g4tgat’@b3%Flo roftakieg\\thei droglichdr pireguoni bf33het akes
a logical sumof the outputs for forming the third mask signal Mask3-V. ‘The
third OR gaversbes Fignay Revadront phe Bff il ND Tdaad3za @4tRye oy tdiegnal

formng unit_ 37_and an output of the AND gate 35b of the Uu signal formng

unit 35, PakiiPElPBgithl V@rded hBY outBtit STVEGT YeST At he Y r & LS8

cLIneL VSR THF, 2P HRER B SRR o T T st
of outputs of the AND gates 72a gnd 72b and an inverter 72f for
inverting #n outpqt of.the'OR gate T72e for supplying the inverted
output to the AND gate"713'_

The timing controiler 27 also has an AND gate 73a for taking
a.logical produét 6f the reversing signal supplied from the full-
wave rectifying circﬁit 3 and an output of the AND gate 73a, and

"an AND gate 73b for taking a logical product of the output of the
ANﬁ gafe 64a inverted by the inverter 73c. and the reversing
signal Rev. The timing.controller 27 also haé an OR gate 73d for
taking the logical product of outputs of the AND gates 73a and
73b and a D—flipflop 74 for synchronizing outputs of the OR gate
73d to the main clocks.for-gengrating the feversing signal Rev,
and a D-flipflop 75.for.synchronizing the signal.Rev from the D-
flipflop 74 to the main clocks.

The timing controller 27 also hasl a D-flipflop 76 for
synchroniéing outputs of the AND gate B84b to thg main clocks for
forming a signal Saw Wave L_and an invertef 77 for inverting the
signal Saw Wave L from the D-flipflop 76 for forming and
outputting.a signal Saw Wave H. .These signals Saw Wave L and Saw

Wave H are supplied to the PWM circuit 7.



| ower |layer transistors of the respective phases, based upon the
abave-described first to sixth current supplying patterns of the
back-el ectronotive voltages Ures, Vres and Wes. That is, if the
back-el ectronotive voltages Ures, Vres and Wes supplied to the decoding
unit 29 are of the first current supplyi pattern (H L, H and the second
current supplying pattern (H L, L) sho in Figs.8k to 8m the Uu signal
formng unit ¥heotipihg ddrerddlisdr @ankieb sdgnral AND, gate (i8ai Sonttdkigie | evel
during this tinme, as shown in Fig.8r. Sim’larlg, i f the back-el ectronotive
vol t ages alegicdlepraddcWes theppliigad 1t SuiheOdbcti™d NenPLL201 BF i b2} he
fourth current supplyin attern (L, H L) andtr}gqfifth rrent, suppl yi ng
pattern (&and |gn H)“tQH(Svmgi%"Fi‘H’éD. @ 4o 6dm 2peal AN FRfe f7§$’m¥?lﬁ Eu?‘i'ff'P%G
out.puts the second control signal Ui é\/ni I S ?Qg Ieggegn%g{,w‘g\}g is
time, as SHQAS Iﬂrﬁa%?’ P_? ?HE _B‘ét%‘-‘ I%{c:[%-rhoerm}\?{nv %ol tages Ur es, r%s.andh
Wes supplyed 10 I %'7&808 h%’%l{}égl#tz%faftﬁeoﬁ-fibﬁfié}s rh CURRENE imingd®
suppl yi ng pat]t ern . H, and t ourth current” supplyi ng
: controller 27 also has an OR gate 78d for taking the logical sum
‘'of outputs of the AND gates 78a, 78b and a D-flipflop 79 {for
synchronizing outputs of the OR .gate 78d to the main clock.

In addition, the timing controller 27 has a folipflop 80
for synchronizing outputs of the D-flipflop 79 with respect to
main clocks, and an AND gate 8la for taking a logical product of
an output of the D-flipflop 79 and an 6utput of the D-flipflop
80 inverted by the inverter 81b for forming and outputting a
signal PWM On for detecting the back-electromotive force. The
timing controller 27 also-has an inverter 81c for inverting the
signal PWM On from the AND gate 8la for forming and outputting
an internal clock. .

With the above-described arrangement of the timing
controller 27, when main clocks shown in Fig.20a are supplied to
the first counter 6la, the counfer 6la counts two of the main
clocks to form the count output Q1 whose frequency is one-half
the frequency of the main clocks, as shown in Fig.8b. The count
Ql is fed-to the second counter 61b, which then counts two of the

' outputs Qi to form the count output Q2 whose frequency is one

fourth the frequenéy of the main clocks, as shown in Fig.8c. The



pattern (L, H, L) shown in Figs.8k to 8m the Vu signal formng unit 37
outputs the third control signal Vu, which is at high level during this
time, as shown in Fig.8t. | f the back- el ectronotive voltages
Ues, Vies and Wes supplied to the decoding unit 29 are of the first
current supplying pattern (H L, H) and gdie sixth current supplying pattern
(L, L, H. shown in Figs.8k to 8m the Vi signal formng unit 38 outputs the

fourth copdumt ciitgual Q¥ iswhedhvis e MNDD gateeb2dutd Nohd Ring rid ®Bund&rshown
in Fig.8u. If the back-electronptive voltages Ues, Vres and Wes supplied
to the deébdi nghigth ttiEh areurdfs ttwe faff tthec wronertt quappkylmg pat ferm the H,

H) and the sixth current supplylng pattern (L, L, H) shown in Figs.8k to
8m the. euat g‘?fa"rplf"or‘?ﬁ st tf muangyutis tome fejifgitt he drer élrespgnav vﬁ
which is at high vel during this tinme, as shown in

back- el eb}¢ dibih \?§°\95Ist Shewn insFigsdd, Jhe \%Pé‘§tsﬂbbpﬁ‘%ga% d st ﬁé‘péréééﬂi ng
current supbl AT BaErEr oAt toyie) YRRE LR Kot ss oae ckp by Wae e UBFgnal
formng Uplb 89 ekt Pebsnt NEuehiitl g@n%olfo%geﬂk \c’bunmﬁle L ahv\yﬁngp | evel
during this ti-ne, as shown in Fig. control signals Rus
fornmed, ageeguedty ik tohe sixteenth the frequency of the main clocks, as
shown in Fxg;8e. These count outputs Ql to Q4 are fed to the AND
gate 64c. The count output Q1 is inverted'by the inverter 63 and _
thence supplied to the AND gate 64b. The remaining count outputs
Q3 and Q4 are directly fed to the AND gate 64b.-
By'frequency—dividing the main clocks using the first to
fourth ceunters 6la te 61d, the coent outputs Ql to Q4 having
different frequencies synchronized with the.mein clocks may be
produced, thus readily prodﬁcing the desired timings synchrdnized
with the main clocks.
The AND gate 64b takes a logical product of_the count output
. Q1, inverted by the inverter 63, and ;he count outputs Q3 end Q4,
and sends the'resulting signal to the D;flipflop 76. The D-
flipflop 76 synchronizes outputs of the AND gate 64b with respect.
to the main clocks for outpuffing the signal Saw Wave L at a
iiming when the output of the AND gate 64b goes low. The signal
Saw Wave L is then routes to the inverter_77. The inverter 77

inverts the signal Saw Wave L to output the signal Saw Wave H at

a timing when the output of the AND gate 64b goes high. The



an.out put controller 30, which will be explained subsequently. The first OR
gate 29a takes a | ogical sumof an output of 46 the AND gate 37b of the
Vu signal formng unit 37 and an output of the AND gate 39a of the W
signal formng unit 39 for formng a third mask signal Mask3-U which goes
high for a pre-set period at the change tol m ng of the back-electronotive
vol tage Ures as shown in Fig.80. This tﬁlrd mask signal- is fed to the
three- phagealogsaw Wate 28. addiessecwainde GR o eswii itedk@s a Isdginaal sawm of
an out put of the AND gate 35a of the Uu signal formng unit 35 and ‘an

out put oWaved iNDgydey idgbaodetde widtdi gfiabné graiimnglankt f gOm fidre decaivng a
third mask signal Mask3-V which es high for re-set period at-'the
change tFﬁf»ﬁgOf)f“?%é‘%ﬂ'&-oé%té%‘ttr &%tslf’\?é'“veptléb% %?%stoas”éen@m i} reud tgp.
ThISthlg sk SI Jrsfedtothethree- phase logic unit 28. The third
OR gate 29E"P%¥Red"a ’r%g tal sumof an output of the AND gate 37a of the Wu

signal for m ng,yMy 34 r%qtaa RELPUAF Jalle 0P 02E 0 830 I & il e 02!

form ng unit
and generates, on'belng supplied with the signal Saw Wave Timing,

saw waves which become serrated between pulse widths of the
.signal Saw Wave'Timing as shown in Fig.20g. The frequgncy of the
'saw waves has a period equal to éne sixteenth of the main clock
'period. The PWM circuit 7 compares the saw waves and the.
comparison output Verr from the comparator 4, as shown in Fig.4g,
and send; the results of comparison as a signal PWM In éhown in
Fig.20k to the output controller 30 shown in Fig.1l1l and to the
AﬁD gate 65a shown in Fig.ll. The-operation of comparisbn by the
PWM éircuit 7 indicates that tﬂe comparison output Verf is being
.modulated by PWM by the signal Saw Wave Timing.

The AND gate 64c takes the logiqal product of the count
outputs Ql to Q4 to form and ocutput a synchronous timing signal
Synchronous Timing which goes high each time 16 main clocks are
counted, that is each time the count value becomes equal to 1,
as shown in Fig.20h. '

The inverter 78c, AND gates 78a, 78b, D—-flipflops 79, 80,'
inver;er 81d ahd the AND gate Bla synchronize the signal Pull out
supplied from the PLL circuit 25 by the synchronoﬁs timihg signal'

as shown in Fig.20i. Thus the signal PWM On, which goes high for



a third mask signal Mask3-Was shown in Fig.8p. This third mask signal is
fed to the three-phase logic unit 28. Thus the OR gates 29a to 29c predict
whi ch one of the edges of the back-el ectronotive voltages UWes, Vres and
Wes is oncom ng next based upon the current supplying patterns and send

" the predicted edge as the third nmask signmal (Mask3-U, Mask3-V of Mask3-W
to the phase logic unit 28. Referring neft to Fig.17, the three-phase |ogic

unit 28 hee dnteananl cDgcRi pEridd 4% hOtimanPlWbeg the pacrke ol @Dt hye
47 vol tage U anong the back-el ectronotive voltages U, V and Was the

conpar i soPWUkpwigngfl beeomespmimimum 2 tsladwisi atFagt i i reen o b rr ¢yesmhein28i
for U for hol ding the back-electronotive voltage U sanpled by the
Lksanpl|n@l%?¥cﬁ??“ﬁSVﬁlunR?%QW%ﬁa?ﬁk&b togl cagi phave 28 Hige-?0el adds a

t 46 f ting th tents of t
ogistor S8 1B BRI UHRel RibrnoAD ghEF Afvoke FRONDLHE Rdo@0del bisr 22

eppi ng. > FRREL JE GiF AR SRRk, e hvirofn LR 3 BT e8, % sber ne
next output controller 30 as later explained, and is used for sample-
| holding the back-electromotive voltage.

The éignal;PWM Oh signal is Also supplied.to the inverter'
81c which inverts the signal PWM On for forming internal clocké.
as shown in Fig.20j. The internal clocks, thus generated, are
sent to the mask circuit 21, edge detector 22, time delay unit
23, starting ﬁnit 24 and to the three-phase logic unit 28.

The pulse width of the signal PWM On and that of the
internal clock are set to such pulse widths (épeeaé) which may
be followed by the back-electromotive voltage comparator 2
(Fig.1). |

When the rpm of.the three—phase motor 1 becomes faster than
a pre—set value such that rotational servo signals suppiied from,
for ékample, the servo contr01 si$tem, become minus inpﬁts'for
lowering the rpm, the peversing signal Reverse shéwn in Fig.211i
is outputted by the full-wave rectifying circuit 3.  This
reversing sigﬁal, coﬁfigured for applying rotational braking to
the thpee—phase motor 1 by supplying the éurrént in the opposite
direction, is supplied to the AND gate 73a fed Qith the output

of the AND gate 64a.



current supplying pattern by the step signal Step fromthe starting unit 24
in case of failure of rotor rotation. The three-phase logic unit 28

i ncludes a V-sanpling circuit 47 for sanpling the back-el ectronotive

vol tage V, - and a register for V 28] for holding the back-el ectronotive

vol tage V sanpled by the V sanpling cirggit 47. The three-phase |ogic unit
28 al so includes a register control circuit for V 48 for inverting the
contents of tRhea aiyPseetes dt3a/ad8 7By ,t hevé Mver Jiden SsRggate (13wvank) tRS
detection of the reverse rotation of the three-phase nmotor 1 or stepping
the currdinfSipilar 74 parmdhe sdeneheReegivdtieh 28j afuigndlasynkbroexzed

cur.rent svg{)ﬁ{)rytrihng gattern by the stgg signal - Step in case of failure of
rotor rotBtiRANCTALTERERE stoand inggl 8 madn cd@ckissehevie] udd ga 2hesakpPing
AN T o R AR RN N
SaPLL 00 BG40 30Tk SERLSSRRLOPColibinans AR B opnthd phtipigRD °
regi ster 4mpl WK podintthefi BHBr Sh@Nwave shown in Fig.21g. ' |

The éigpal Rev from the D-flipflop 74 is fed to the D-
flipflop 75, inverters 67 and 72c and to the AND gate 72b. The
b—flipflop 75 synchronizes.the-signal Rev wifh respect to the
main clo;ks and transmits the synchronized signal Rev to the AND

_gate 72b via the AND gate 72a and the inverter 72d.

The timings of the count outputs Ql to Q4, the signal Saw
Wave Timing and the signal PWM In are shown in Figs.21b to 21f
and 21h,_respectively. - '

The signal Rev is a signal used for supplying the current
in the reverse direction to the three-phase motor 1 for on/off
controlling the upper and lower iayer transistors configured for
supplying the soufce voifage to the.phase coils 1U, 1V and 1W.
If the upper and lower léyer transistors are on/dff controlled
by the signal Rev, the two transistors may be turned on
simultaneously aﬁd remain in this state for a certain time period
due to difference in the sWitchiﬁg speeds of the transistors. At
such time, the through-current flows tﬂrough both transistors.
The current value of the two transisfors is detected as the

current values'shpplied to the respective phase coils 1U, 1V and



signal (Invert) on detection of the reverse rotation of the three-phase
notor 1 or stepping the current supplying pattern for the register 28k for
U as the next current supplying pattern by the step signal Step in case of
failure of rotor rotation. The. three-phase logic unit 28 also includes a
first AND gate 28a for timng control of ianpllng by the U sanmpling circuit
45 based upon the third nmask signal (Nhsﬁ fromthe decoding unit 29 and

~ the signahwla ay Tofbe@naddie floirmeodml A¥ eumétcozﬁpaza%naoﬁesoﬂdrm igAtfe28b
for timng control of sanpling by the V sanpling circuit 47 based upon the

t hi rd maskospgnato MAsk3- Yhuk omsudie tiecowginecwntdnt?29otatirtdies sicgralecbel ay
T. The three- phase logic unit 28 also includes a third -AND gate 28c for
“timng conpteri@nakmtimg PA the Wrseamihasg wptenil. 40nbsueh| agsen the
third. mask signal (Mask3-W fromthe decoding unit 29 and the si naI Del ay
T, and antmlgét@‘?%’gflf]&r @SnEFBFFFhﬁst‘h‘é ontandi pgenr starel QiR é’GﬁtroI

fed with £RE %‘iwi‘é’% o TS Pas %‘%Uaﬁ‘%u%%%'t S e PP A gat o
28a and agghg¥ggg t{“g éﬁrJJgT(gﬁ g 28g fromthe inverter 45c, and an

AND gat e an 1 nvert put of the first AND gate 28a from the _
I nverter. 45c, @Ha@UiQUtttﬁJ Albeghedkss®s, felb U i2fie rake é@c' rmergtaﬁ.dz @algut of

the OR gate 28g fromthe inverter

: D-flipflop 70, AND gates 71, 72a, 72b, inverters 72c, TZd, OR
gate 72e and the inverter 72f synchronously differentiates the
signal Rev with the main.clocks, based upon the motor on/off
control signal (PION/OFF) for mstor on/off control supplied from
fhe CPU and the signal Rev, for generating a signal Output Oben
which goes high for two main clocks at ﬁhe rise and decay timings
of the signal Rev. The signal Output open is supplied,ts the

;utput-controller 30.

With the motor driving apparafus of the instant embodiment,
bi—polsr transistors are used for thé upper and lower layep
transistors. Thus the pulse_width of the signal Outpht Opsn is
se; to, for ekample, 2 usec to 4 usec, corresponding to two main
clock pulses, ‘in keeping"with the bi-polar transistor
characteristics, |

The timiﬁg controller 25 samples the signal PWM In, shown
_in Fig.22h, supplied from the PWM circuit 7, at a timing of

counting 16 main clocks shown in Figs.22a to 22g, by the AND

- gates 685a and 65b, invefter 65¢c, OR gate B65d, D—flipflbp 66,



45e. 49 The register control circuit for U.-46 includes an inverted
output of the register for W28k fromthe inverter 46¢c, an output of the OR
gate 28g and the above signal Step, and an AND gate 46b fed with the output
of the OR gate 28g and the inverted output of the register for U 28i from
the inverter 46d. The sanpling circuit 4%4i ncludes an AND gate 47a, fed
with the back-el ectronotive vol tage .V, an output of the second AND gate 28b
and an i niryertep®Tplirrofnyémwt G ddtee si&gafir Bayt lvnd ther PRrealtr 68andoan AND
gate 47d fed with an inverted output of the second AND gate 28b fromthe

inverter A3EM1%& Hut pRRELIPhE T taderShant AReXsjf oan P rak ingy ePpéACSuPBut of
e, O 926 BRI mpUET L g o DAL BT B el Vo
0 20 Lo AR ShodElny A 000G Bl 41T St S R R
the OR gatg 239.1’%"(1o".thei/QI/?rél'?djtftpll!:trQ}ktin%f tbhegb 8ot 8t fig counter—torque
by utilizing the motor rotating current is eapplied, whereés, if
the signal PWM inverted Shért/Rev is at the high level, the
reverse current supplying braking is applied for positively
flowing the current from outside the motor for-generatiné the
counter—torque.

Referriﬁg td Fig.23, the output.cdntroller 30 iﬁcludés a Uu
signal forming unit 85, a Ui signal forming unit 86, a Vg signal_
forming unit 87, a Vi signal forming unit 88, a wu signal forming
unit 89 and é.Wi'signal forming unit 90, supplied with the first
‘to sixth control signals Uu to Wi from the decoding unit 29,
decoding the signals and outputting the decoded signals, an
inverter 30a for inverting the signal Rev from the timihg
controller 27 for oufputting'the inverted signal, an OR gate 30b
for taking the logical sum of the signals PWM In and PWM On, an
inverter 30c for inverting the signal Output Open‘and outputting
the invertgd signal, an OR gaté 30d for taking the logical sum
of the signal PWM On and the signal PWM inverted Short/Rev and
'AND gates 91a, 91la, 92a, 92b, 93a and 93b providgd in the output
stages of the first to ‘sixth control signals Vu to Wi,

respectively.



for V 28] fromthe inverter 48d. The sanmpling circuit 49 includes an AND
gate 49a, fed with the back-el ectronotive voltage W an output of the third
AND gate 28c and an inverted output of the OR gate 28g fromthe inverter
49c, and,an AND gate.49d fed with the inverted output of the third AND gate
28 via the inverter 49d, an output of the register for W28k and an

i nverted output of the OR gate 28g via tH¥d inverter 49e. 50 The register
control -circui Thédbu Wighd IncddiadeisgamnANDggat AcDQae § ech VAND dateeraisad st put
of the register for V 28] fromthe inverter 50c, an output of the OR gate
28g and t hekipgvdhe ghegisebp pragiicin ARD tget ef 506t f ednwirbd tdiegwd gnolu

I nvert, output_ of the OR gate 28g and the inverted output of the register
for W 28kSEPBh Efhel FometRerdeeed ingauniy 22 prinds d hep i ignadi Re¥s salppd ied

i ncludes a.fi Ll m"%%tt%éz%% for taking the gggi gala sum_of out puts of the

AND gat es" 48a*P35873 anft PR 2L ¢ SakpDEs the s ismd

gates 46a,258u860o91 ¢ Leghst CRGPNEES! bl QUontO e A AS ) OF; SUPP! Yj;nd
. supplied from the decoding unit 29 and an OR gate 85c for taking
the logical éum of the outputs of the AND gates 85a, 85b.

The Ui signal forming'hnit 86 includes an AND gaté 86a'for
takiné the logical product of the signa1~ReV and the first
cont?ol signal Uu supplied from the deching unit 29, an AND gate
86b for taking the logical product of the seéond éontrol-signal
Ui supplied from the decoding unit 29 and the signal Rev
supplied from the inverter 30a and an OR gate 86¢ foy taking the
logical sum of outputs of the AND gates 86a and 86b.

The Vu signal formihg unit -87 includes an AND gate 87a for
taking the logical product of the third control signal Vu
sﬁpplied from thé decoding unit 29 and the signal Rev supplied
via the inverter 30a, an AND gate 87b for taking the logical
product of the signal Rev and the fourth control signél Vi
supplied from the deciding unit 29 and an OR gate 87c for taking
the logical sum of the outputs of the AND gates 87a and 87b.

The Vi signal forming unit 88 includes an AND gate.88a fép
taking the logical product 6f the sigﬁal Rev and the third
control signal Vu supplied from the decoding unit 29, an AND gate

88b for taking_the logicéllproduct of the fourth conﬁrol signal



the resulting signal to the register for U 28i, and a second OR gate 28e
for taking the logical sumof outputs of the AND gates 47a, 47b of the V
sanpling circuit 47 and outputs of the AND gates 48a, 48b of .the register
control ¢ircuit for V 48 for supplying the resulting signal to the register
for V 28j. The three-phase logic unit 28 also includes a third OR gate 28f
for taking the logical sumof outputs of 66he AND gates 49a, 49b of the W
sanpl i ng wir custipgfieadd feompuiise olietbeidRDugate2H0and5Gneof sigear egest er
control .circuit for W50 for supplying the resulting signal to the register
for W 28ksuPheéiaofeomddwer iibe¢ ritiered0pharst dro@Rceahet 888 framblakd ngbyhehe
sanpling circuit 49, the back-electronptive voltages U, V. and Wat a timng

of coinci dBREEadf SHReOE YHERUTRIy theldNBy 8atEy § ad%@?e@:@: electric, as

shown in Fig. 811, ndsthe thg:?rd Jmaski n i.gnal Hél\/taskB H{P k3 éag

Mask3-W shown PR ‘%‘I‘ LG R i unt 5%9 r‘Bﬁz P8 VL EAYS B9 2s4RPI ed

o el g, g GO P TR 1

Undergonesuppl1ed from the decoding unit 28 and the signal Rev supplied
via the inverter 30a, an AND gate B89b for taking the logicalz
product of the signal Rev and thé siith control signal Wi
suﬁplied from the deciding unit 29 and an OR gate 89c¢c for taking
the logical sum of the outputs of the AND gates 89a and 89b.

The Wi signal forming unit 90 includes an AND gate-QOa'for
taking the logical product of.fﬁe signal Rev and the fiffh
control signal Wu supplied from the deéoding unit 29, an AND gate
90b for taking the logical product of. the sixth control signal
Wi supplied from thé decoding unit 29 ahd the signal Rev
supplied from the inverter 30a and an OR gate'90c for taking the
logical sum of odtputs of the AND gateerOa ahd 90b.

The AND gate 9l1la takes the logical product of ogtputs of the
OR gate 85c of the Uu signallforming unit 85 and the OR gates
-30b, 30d for outputting the first control signal Uu, while the
AND gate 91b takes the iogical'sum of outputs of the OR gaté 86¢c
of the Ui signal forming unit 86 and the OR gates 30b, 30d for
outputting the second control signal Ui.

The AND gate 92a takes the logical product of qutputs of the

OR gate 87c of the Vu signal forming unit 87 and the OR gates



changes. The back-el ectronotive voltages of the remaining phase coils are
held by the registers 28i to 28k. Thus the registers 28i to 28k directly
out put the back-electronotive voltages Ues, Vres and Wes, that 1is
the sanpled outputs of the back- el ectronotive voltages U Vand W
hel'd thereby as shown in Figs.8k and 8m_unless the signal Invert or the
signal Step as |l ater explained'is suppl |%-g If the capturing of the

back- el ecsownoiow ef om0l dwtnst dingV tared dWiirs eantired cugnall Vhe waidectassi ng
point with the common voltage COM there arises such inconvenirence that, if
the val ueANP gdte 920k tekest thentogicablsuagefi ousputs af the O gaitee 88

not or start-up or durlng{ | ow speed rotation, an incorrect phase c0|I Is fed
with currehtthcht thigne é°r’fﬂ‘t16|5 é‘&hﬁo?ebé“gt artePbreatfs P9k of%6hd oFot or
is decreased to halt, .the r rot atlon Ejhvthe present notor driving

appar at us? UFRRCHi& - te}feecft°r“b" APt BIt 548328, V¥ and Ware captured by the.
si gnal Del ay ToRl skt ngEQ?S?h ed Ql‘xe?’Po??Qéf’epsroechFc tskcmf.{%m%/ &h\ﬁ/can

Zer o- Cr ossi ng p0| nt ack el ectronotive vo t ages

be capt urgf %Qﬁéeﬁ)éy(af Ned wil fs 41l NEPIRK QR 11a1i& RRRSRdCOithel BRf @@ tWst
current or the notor rotation ceases, the signal Flug is not supplied to
the startgog, usod Eér%udpscti@&radowmtﬁ%aftﬁMe dighannalu, while the
AND gate‘93$ takes the logical sum of outputs of the OR gate S0c
of the Wi signal forming unit 90 and the OR gates 30b, 30d for
outputting the sixth control signal Wi. |
The above-described output_controller 30 hodulates, in the
AND gates Sla, 91b, 92a, 92b, 93a and 93¢, the first to Eixth
control signals Uu to Wi by PWM based upon the signal PWM In
sﬁpplied -from._the PWM c¢ircuit 7, -and outputs the modulated
'“signais. The output controller 30.also modulates the signal PWM
On for detecting the back—elecfromotive voltages in the phase
coils 1U, 1V and 1W, signal Output Open for prohibiting the
through—-current, signal PWM inverted Short/Rev for switching
between the short braking and the reverse direction -current
supplying braking forlprohibiting the through-~current and the
signal Rev for applying the current in the.reyerse direction, and
outputs the modulated signals.
These first to sixth control signals Uu to Wi, es well as
the signals PWM On, Output open,  PWM inverted Short/Rev and Rev,

are sent to the driving circuit 10 shown in Fig.7.



52 clocks are counted by the counters 24a to 24e of the starting unit 24 so
that the signal Step for stepping to the next current supplying pattern is
i ssued. Wien fed with the signal Step, the three-phase |logic unit 28 has
the, register control circuits 46, 48 and 50 set to the operating state so
that an inverted signal fromthe register_ for W28k is supplied fromthe
register control circuit for U 46 via t®8inverter 46¢c to the regi ster for
U 28i so that The idnieringd umittpdO dinctilndesegipéfer e#mplif Dars | $4autppl 948 from
the register control circuit for V 48 to the register for V 28, while an

i nvert ed TR fPLdAVIRE thBE ELBFL2BP Fipkh 14N TR siéradscUrsteulhl FEMfrom
the register cqontrol circuyit f W50 to the register for, W28k. Thus, the
out put of“bea(?ﬁ%gf“t ﬁ@nrté‘ﬁﬁéfgr§52O?‘st%eghkaﬁ'ré:}’ebes??g’ﬁﬁegwpog%n BeEBEE of

t he next e ' Mo TR PpPLAgnI Lipue ti he
three-phé%%g%bpg??%nﬁéﬁgﬁﬁhte H?Aﬁeﬁhghgigﬁgr gﬁgB %egggsg?g %%Pghp%Téed.
Thi's enabj}&s; YA 5@t 8bi 98 L PA AR stRebADY tHe DaputUpthges of

i mprovi ng .
the buffer amplifiers 94a to 94f, as shown in Fig.24.

The driving unit 10 includes an upper—-layer transistor 86a
for first control signal Uu, whose base is connected to the
resistor 95a, and a lower-layer transistor 96b for second control
signal Ui, whose base is cénnected to the resistor 95b. ' The
driving unit 10 also includes an upper-—layer transistor 97a for
third control signal Vu, whose base is connected to the resistor-

- 95¢c, and a lower-—layer transistor 97b for the fourth control
signal Vi, whoée base ié connectgd to the resistor 954d. The
driving .unit 10 also includes an upper—layer trénsistor 88a for
fifth control signal Wu, whose base is connected to the resistor
85e, and a lower-layer transistor 98b for sixth control signal
Wi, whose base is éonnected ﬁo the resistor §5f.

The collectors of the upper layer transistors 96a, 97a and
98a are connected to the source -voltage VCC, while the lower
layer transistors 86b, 97b and 98b are connected to the current,
detection resistor 11 for detecting the current suppliéd to the
respective phase coils 1U, 1V and 1W of the three—phase motor 1.
The emitters of the upper layer traﬁsistors 96a, 97a and 98a are

connected to the collectors of the lower layer transistors 86b,



starting characteristics. If the rotation in a rotational direction
reversed fromthe usual rotational direction is detected by the edge
detector 22, the signal Invert is issued. Wen fed with the signal Invert,:
the three-phase logic unit 28 has the register control circuits 46, 48 and
50 set to the operating state so that an_fnverted signal fromthe register-
for U 28i is supplied via the inverter 488 to 53 the register for U.28i
so that a7t andr9&d. oMtheutirevihbBeve byagé sfuppdried £8)ths mhaxd cedlsi BUL he
inverter 48d to the register 28] and an inverted output of the register W
28k is se¥f and Yheof nbket thrs@uphase heoteyi bt by YelegWoThi at efupFeion

outputs of the registers 28i to 28k to be inverted in their entirety_into
t hose forP}dthi i‘btﬂ the o Ytersr 88 difcediPPSR AAdSSutSAPEEa PRSt ABS; né@?t ed

st ate. He ofgre,. a c ar,i son _output, of t etect ed. hack- el.ect tive
vol t ages %\’h‘{ﬂ%is eg o?r}rlr%nwaorﬂpetcat{'g? S 'f}ge s]‘|°r‘f’§lryq§t‘1'tg§u%$aé'hslos%-olrnsvgrsgi’o%?gg }
that corrged gdyrent supply timng cannot be achieved reliably. Wth the

present notor driving apparatus, the respective back-
If fed with the first to sixth control signals, the driving

unit 10 is responsive thereto for on/off control of the upper
layer transisfors 96a, 97a and 98a and the lower layer
transistors 96b, 97b and 98b. The source volfage Vee is taken
out at fhe abové—mentioned junction points responsive to the
on/off contrgl of the upper 1éyer'transistors 96a, 97a and 98a
and the lower layer transistors 96b, 97b_and 98b. so as to be
supplied as driving voltages U, V and W to the respective phase

coils 1U, 1V and 1W of the three—phase motor 1 shown in Fig.7.

The driving currents supplied to the phase coils 1U, 1V and

1W are detected by the current detection resistof 11 in the form

of voltages. The driving voltages, detected by the currént

detection reéistor.ll, are integrated by the integration circuit

cbnsisting of the resistor 5 and the capacitor 6 and thence

supplied to the comparator 4. The comparator 4 compares the

integrated driving voltages to the reference vaiue Vrec for

routing the comparison output Verr to the PWM circuit 7. The
PWM circuit 7 compares the saw wave formed based upon the signal
Saw Wave Tiﬁing to the comparison output Verr to route tﬁe result

of comparison as the PWM In signal (PWM carrier) to the logic



el ectronotive voltages are sanpled at a timng del ayed by 30 degrees
electric fromthe zero-crossing point by the signal Delay T, so that the
respecti ve back-el ectronotive voltages can be sanpled at correct timngs
and,hel d,by the registers 28i to 28k during rotation in the reverse
direction. Since the contents of the regigters 28i to 28k may be inverted
in polarity and .outputted as inverted siaﬁh[s during the rotation in the

reverse duheetgon ipasedenpples hensi g0ake | fyed ixtH Neo Ak & igelan@Mbi W
voltages Ures, Vres and Wes detected at correct timngs during rotation in

the rever $erdedeétni bhenbygbe amipuld t edspond had tde HehrRWM dhassd gmatlorfok can
be controlled at the correct current supply timng during the reverse
rotati on. 9¥E8chadWMe| dety gt Pe W t blyeeetphase Viesoand . Widwat f s nda thy

the three-phase_ logic unit 28, are supplied to the decoding 54 unit 29
wher e the915F8g§§pg?Eﬁ¥&Pqﬁﬁ%Y19WéVﬂPﬁsEhFot%qﬁﬁTPQ&ﬁﬂ:ﬂ8F°§ianYsthﬁJHWN W
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controll exo88r may be detected based upon the back-electromotive voltage
generated in the phﬁse coiis 1U, 1V and 1W, for performing
switching control of the current supplying state to the phase
cdils 1U, V and 1W, rotation qontrol bf the three—phasé motor 1
may be realized without providing rotational position detection
means, such as Hall elements (sensor-less driving).

The entire operation of the motor driving apparatus of the
instant embodiment is explaihed in detail. During normal
rota;ioh, the.back—electromotive voltages Uin, Vin ana‘Vin, shown
in Fig.5a, are compared in the comparator 2 to the common voltage
COM, for forming comparison outputs U, V and W shown in Figs.5b
to 5d. The comparison outputs U, V and W are supplied to the
logic unit 9. Thehlogic unit takes the exclusive OR of the
comparison outputs U, V and W to form an Exor signa1 as shown iﬁ
Fig.8f. Since the kickback noise is superimposed on the Exor
signal at the timing of current supply timing, the logic unit 9.
masks the kickbaqk noise by the first mask signal of a pre-set
pulse width, formed-at the kickback ﬁoise generating timing
(curren@ supply switching timing), shown in Fig.8j, in order to

form a signal Masked Exor shown in Fig.8f.



Referring to Fig.ll, the timing controller 27 fornms various tining signals
based upon the reversing signal Reverse fromthe full-wave rectifying
circuit 3, notor on-off control signals (M OVYOFF) forned by the central
progessing unit (CPU) for on-off motor control, systemclocks fromthe PLL
circuit 25 (signal Pull Qut), main clocks of, for exanple, 500 kHz, from an
oscillator 26 (Main dock) and the PWM siZtal fromthe PWMcircuit 7 (PWV
in). The PLL cfrheuiltogd® isntonfhi gthiad agnshpwodoly examgeeentkt gs 1&heand
conpares by a phase conparator 55 the phase of the signal SD Exor supplied
fromthe edgoadetesked Exxommsing tiraseteirneflecdpskenshdweckin Hignhd@h Rul |
Qut) outputted fromthe voltage controlled oscil|ator (VCO 57 and divided
in frequeRE#eByte EPTPEPBySABRBLNER EXBT | $hey ™ ¥ Biierfts, WGisg jtde SD
one-eighth_or one-sixteenth .of t yst.em ¢lock. frequency. . . The

- phase co éPfsﬁhE%ﬁ%pﬁ? ?st?%EF%W%Jgiﬁ gﬁ&sE"f*l§ef°§%§t ﬁ?é&ﬁﬁJBeéfyfor
driving t |, D& 02 @S &4 o R N g U n s.the. signal_Pul | t
-synchroni?gdyg§%%9§h%@s§%ﬁéﬁg%1) %ﬁgl i%% %@ggﬁpb+i§ﬁ§té¥kfﬁ? PSRy €S
~control | efpn27 ofReher bRBat@sbhJodPphibe @Jrwrﬁh&Qﬂtffﬂﬁﬁ¥hé'%i?ﬁy¥§t%rfﬁr3t

counter 6la for counting two main clocks of the oscillator
for forming signals Ures, Vres and Wres. These signals Ures,
Vres and Wres are held by the registers 28i, 28j and 28k. At
this time, only the phaée for which the back-electromotive
voltage is to be captured is sample-held by a third mask éignal,
forméd by-decoding the signals Ures, Vres and Wres, as shown in
figs.Bo to Fig.8aq. Thus the signals Ures, Vres.and Wres, shown
in Figs.8k.to 8m, are outputted from the registers 28i, 28j and
28k. '

The deéoding unit 29 then forms the driving voltages Uur Ui,

V?, Vi, Wu and Wi, shown in figs.Sr to 8w, from the signals Urés,
Vres and Wres, for on/off contro; of the upper and lower layer
transistors of'the respective pﬁase coils, and routes the driving
_voltages to the.output con£roller 30. The output controller 30
overlays the signal Rev, signal Output Open, Signal PWM On and
.the signal PWM iﬁverted Shdrt/Rev on the driving QQltagesIUu, Ui,
Vu, Vi, Wu and Wi, in order to supply ihe overlaid signals to the
driving unit 10. The driving unit 10 runs the three—phase motor
1 in rotation %y t@e driving voltages U, V and W, formed by tﬁe

upper and lower layer transistors of the respective phases being



55 and a second counter 61b for counting two count outputs QL fromthe
first counter 6la. The timng controller also includes an AND gate 62a for
taking a | ogical product of a count output QL of the first counter 6la and
a count output 2 of the second counter 61b, and a third counter 61c for
counting two outputs of the AND gate 62. The timng controller also
~includes an AND gate 62b for taking a | ogl2al product of the count outputs

Ql,” @2 andn#oCbuabnors PLEd @Y ahet BeithhpdveptEay WRIC randva, feur tik, Gt er
61d for counting two outputs of the AND gate 62b for outputting a count
- out put Q4Wi.The counters 6la to 61d nake up a base-16 counter such that the
ultimate counter output 4 has a frequency which is one-sixteenth of the
mai n clock fredB8ntY cmpFatiiemduedngr srermarmalagosntARD §at exmlei et
20102 B0 ShePhRREcoufh e FR Rbacth ool e LOCu ot e B
A0t on, RIS AR o S R SN o VLRl
a | ogi cal mEQdYal Dfe RAFAYBH. OWPYLEsEL 1 Pdck-electromotive volta.-ge
Win is shown enlarged in Fig.25b. On direct PWM driving, the
back—-electromotive voltage Win is interrupte& by the signal Saw
Wave Timing;.serrated wavé Saw Wave and by the signal PWM In (PWM
Carrier)-formed by the comparison output Verr from thé comparator
4, shown in Fig$.25d, 25e and 25f, respectively, while the
comparison outputs W (and U, V) from the comparator 2, supplied
with the back-electromotive voltages Uin,.Vin and Win, are also
interrupted as shown in Fig.25g. .
If the signal ﬁWM In is on, as shown in Fig.25c, the back-
elecfrdmotive voltages Uin, Vin and Win are manifested,.whereas,
if the signal PWM In is off, the W-phase terminal voltage (as
well as the U- and V-phase terminal voltages) falls to the minus
level, while the common voltage COM falls to the ground level.
Thus,-if thé PWM In signal is off, the back-electromotive voltage
becomes non—detegtable..stated differently, if the signal PWM in.
is on, the back-electromotive fofce defectable.
Thus the ti@inglcontroller 27 forms internal clocks, shown

in Fig.25h, produced on synchronous differentiation at the

minimum pulse width position of the signal PWM In'as described



The timng controller 27 includes an AND gate 65a for taking a | ogical
product of the PWMsignal (PWMin) fromthe PMMcircuit 7 and an out put of
the AND gate 64b and an AND gate 65b for taking a |ogical product of the
output of the AND gate 64b inverted by the inverter 65c and the output of a
D-flipflop 66. The tim ng controller 27 _{asleso i ncl udes an OR gate 65d for

t aki ng 56 a | ogical sum of the AND gat®s 65a and 65b and a D-flipflop 66

for synchmbowezi nghadt putterab 1t REoOR gat eyROnFEN i4ed M@ th Cf i ken—didia it M Ng
controller 27 also includes an OR gate 68 for taking a |ogical sum of an
out put ofoft hbeDsfighpl| BEM6Bn ands ide hgralteRenlf olocks  ehite sepmbar isert he
reverse direction, formed in the D-flipflop 74 based upon the reversing

si gnal Rewtpudm the ¥urhd Wasboractinf Figy 25igr ediet spwrdred.o/THengsaml ed

outputting a braking switching signal (PWM.inversjon Short/Rev) for
swi t chi ng"ﬁé’t"\kéer?‘rsenérat'“pl}leali’l ﬁ& &¥d tF’évé're§és(§ﬁFr érr Yuiilyi @(f B htSis

| at er. expl aln ntroll er agoﬁrl‘\lli)i fo
taking a I§d| caI prod ct of atn erﬁﬁfS? ff c ‘Efof S|gna ’l\ﬁg%lid’—’lfg
issued as outputs. :
~In tﬁis manner; even if the comparison.output w;kas well as
U and V) are interrupted by tﬁe signal PWM In, the ﬂon—
interruptéd comparison output w'(output Wres of the register for
W 28k) as shown in Fig.25i can be formed. This enables
detection of the back-electromotive voltages Uin, Viq and Win
even although PWM driving is being carrigd out, such that direct
PWM driving becomes feasible even with the sensor-less motor
driving apparatus such as the motor driving apparatus. This
allows to omit the volﬁage conversion circuit for converting the
signal PWM In  into a voltage signal. in addition, self-
oscillation during startFup possibly inhibiting rotation may bé
eliminated for improving starting characteristics.

Since_the back—-electromotive voltages Uin, Vin and Win aré'
sampled based upon the signal Delay T, the back—-electromotive -
voltages Uin, Vin and Win can be sampled at pbsitioné delgyed a
pre—~set time. from the éero—crbssing points of the back-
electromotive voltages Uin,lVin and Win and the common voltage
COM. This a}lows for more 'positive cépturing of the back-

electromotive voltage than if the back-electromotive voltage is



and the output of the AND gate 64c, and an AND gate 69b for talking a

| ogi cal

69c. and the output of the D-flipflop 70. The timng controller 27 also
includes an OR gate 69d for taking a |ogical sumof outputs of the AND

gates 69a, 69b, and a D- flipflop 70 for

S
gate 69d to the main clocks. The t|n1ng7é ntroller 27 also includes an
gate 71 fertugieidngat heteogizeap—prodadngofpa@intout flusof enpel g| igwacdh 70

and an inverted output of an inverter 72f for form ng and outputting an

product of -the output of the AND gate 64c inverted by the inverter

ynchroni zi ng out puts of the OR

AND

out put - oﬁéﬁr§H§§anfGPepF%Q%ﬁ%?%g through-current as |ater explained. The
timng contro&ke&hg7bglso ha%_ ND gat 72a for t§§n§%e%ec99d0§| roduct

of the reversing sigha ?k VY

i nverter:

t'aki ng t e Ioglca product of 't

74 and. angiuted, ehet RarPehki aﬁhgmylxé pa tVEF efls HYepddte by RS tffage’ 2d.
The timng control l er 27 al so

SR DIPELBFF oo

I'nverte y t he

afRre palrln%Ut H-HatatOf ih?f Dihb! E%QQ.—ZI’% ”ﬁ.o%PrANDcQ%m%tm&for

e reversing S|gna Rev

as an OR gate 72e for taking a | ogical
by the signal Step for positively start1ng the three-phase motor

B

In addition, since the kickback noise is masked by the first
masking siénal for'fopming the Exor signal, the zero-crossing
point of the respective back—-electromotive voltages _and- the
common voltage COM éan bg detécted positively ana the back-
electromotive voltage can bé captured positively for prohibiting
malfunction otherwise caused by the Qickback noise. Since the
kickback noise is-eiiminatéd by the above masking, 'the filter
éircuit for eliminating thé kickback noise may be omitted. Since
the voltage conversion circuit and the filter circuif may be
eliminated, the motor driving apparatus may’.be produced at
reduced.costs tﬁrough reducing the humber of components and
simplifying the structure. . |

. In additisn, since the currént.supplying pattern which will
be manifested next is predicted based ﬁpon the current,suppiying
pattern and, if the actuaily detected current supplying pattern
is not the predicted current supplying pattern, the contents of
the registers 28i to 28k are inver£ed by the signal Invert and

the inverted contents are outputted, correct current supply may

omthe D-flipflop

sum



of outputs of the AND gates 72a and 72b and an inverter 72f for inverting
an output of the OR gate 72e for supplying the inverted output to the AND
gate 71. The timng controller 27 also has an AND gate 73a for taking a

| ogical product of the reversing signal supplied fromthe full- wave
rectifying circuit 3 and an output of the AND gate 73a, and an AND gate 73b
for taking a Iogl cal product of the out puldof the AND gate 64a inverted by

the i nverfer, (% %gg ?%\r{grs %hrharlrelg Vv, Q@x&'\ cglfrceoc tlrogllt lsq‘rﬁ]us

al so has an. taki ng e Ioglca produc t he

-AND gat est{ge ariq 7r3cb 209k d# T Lhef ro@Br/%d Hig SHPERERNI 7 nghgutrra%%sef t he
OR gate 73d to the main clocks for generating the reversing signal Rev, and

a D-flipfdopedbidwrwsymciesiicai n® tthe pirevalil1Rag Fooatihg dirdddgfd.op 74 to
the main clocks. The timng controller 27 also has a D-flipflop 76 for

synchronl zi ng Big pifi s sdfovishe sADagat ¢ ifdbgso ohe swhitvhdmrkS roor suaiing a
signal Saw Wave L and an inverter 77 for inverting the signal Saw Wave L
fromthe PPERFPPRBD CTBLTRL Por khAgcamatent gitreichdon sugmant Sawpravéng
These si ggggﬁir?gw Wave L and Saw Wave H are supplied to the PWMcircuit 7.

If the reversing signal is outputted by the full—wave:
rectifying circuit 3, the signal Rev shown in Fig.26b is fbrmed,
based upon the'révers;ng signal as described above. The control
is switched to the counter diréctipn current supplying braking,
such that the three-phase motor 1 is fed with current in the
reverse direction and thereby braked. 'The operatidn of vapious
portions during this_reverse direction current supplyiﬁg braking
is not changed from that during the above-—-described usual
rotation, as shown in Figs.26c to 26x and 27a to 27w. The PWM

- operation during this reverse direction current supplying braking
“is not changed from' that during _the above—described wusual
rotation; as shown in Figs.28a to 28i.

Thus, by sampling énly the back—electromotive voltage of the
phase undergoing changes in the back—eleétromotive voltage, at
the timiﬁg when the back—-electromotive voltage is changed, and
samplé—holding the back~electromotive voltage by the registers
28i to 28k, counter direction current supplying braking can be
applied at the normal current supplying timing.

The:switching between the short braking and the counter -



58 The timng controller 27 also has an AND gate 78a for taking a | ogical _
product of the signal Pull Qut fromthe PLL circuit 25 and an out put of the
AND.gate 64, and an AND gate 78b for taking a |ogical product of the output
of the AND gate 64c inverted by the inverter 78c and an output of the
D-flipflop 79. The tim ng controller 27 a;ésso has an OR gate 78d for taking
the |l ogical sum of outputs of the AND gates 78a, 78b and a D-flipflop 79
for syncHidifictiieg ofitpieRt ofsupRd YaREgaPE2WERE t & 5t hE2HBFH HDcRECHR bY

addition, the tim control 7 -has a D-fl.i pf 0,for, svynchropi zi ng
out puts oF*he "B ftﬂﬁl BfFB%i)?gﬁ'\%i fﬂ TR AP tgol%zgpglgoéﬁg, téﬁﬁ“%noﬂ gat e
8la for tgkij | egi.calk ; Rr o) o Fy t he fLipflo an
out put of t r{e‘;q:'D%ffl ?gfbl gélgogﬁﬁgg?téﬁ% %&L?ﬁgn'\c?ezﬁ'e?h%bk%oétfgr%ﬁlgﬁ%nd

out putti Rgheh staBalpuRd Qrider det atid Nguibe Radere! wedu iidvenéoshes The
timng controller 27 also has an inverter 8lc for inverting the signal PW

On from tdeex i gal & t3Hea sfighafl OPWM Nigh etk e@Shott Y Rgv are isainpriedl ootpak, Wth
the above-described arrangenment of the timng controller 27, when nain
cl ocks shovewn nifi Big02 ar eisuppl redowo lelve If iamst atoumthergle1bevehe theint er
6la counts two_ of the main
short braking and the counter direction current supplying braking
are applied, respectively.
The following describtipn'is made with reference to the
upper layer transistor 96a for Uu, lower layer transistor 96b for
Ui, ﬁpper layer transistor 97a for Ui and the lower layer
transistor 97b for Vi. During short braking, the curreﬁt flowing
out from the V—phésé coil 1V flows through the lower-layer
transistor for Vi 97b, current detection résistor 11 and the
diode Du before being returned to the U-phase coil 1U, as
indicated by a solid line'in Fig.29, This results in short
braking.

'buring-the'counter direction current supplying brakihg; the
gurrent from the source voltage Vece via the upper layer
tfansistor for Uu 96a flows through the U-phase coil 1U, V-phase
coil 1V, lower—layer transistor for Vi 97b and the current
detection resistor 11, before being returned to the source
voltage Vce, as shown by a broken line in Fig.29. In both cases,

.the above—mentioned current braking is feasible since the current

traverses the current detection resistor 11.



clocks to formthe count output QL whose frequency is one-half the

frequency of the main clocks, as shown in Fig.8b. The count Ql is fed to

t he second counter 61b, which then counts two of the outputs QL to formthe

count output @2 whose frequency is one fourth the frequency of the nmain

cl ocks, as showa in Fig.8c. The 59 coum output @ is fed via the AND

gate 62a to the third counter 61c, which then counts two of the count

outputs @ to TBenshhstcbuakinat pat aQpassive WT@(FJMC)GYISSeme:(mI}gﬁIsI’Ir{d‘Ie

frequency of the main clocks shown in Fig.8d. The count output B is

suppl i ed $FRSTA 1ﬂﬁlDt‘b%t°é’"6‘2tl9"t'cS°trﬁéef BYirghi Jcmm&'erthmeurmnéhfqmmt@ount s

two of the %ﬁgnt oyt b rmthe count  out & whose frequency is
t

‘one si xt e&RrATRE ?reque ’cfrb’fqetﬁ;é’enﬁlq’f“éleé'cﬂéreﬁ 1%‘?1(;‘?/61‘1”1'"1\“‘9%‘ Yifgese
64 T t t t
count out gubgifk 0 Qhy rggft 114.1?1 %% 80? £ ﬁﬁ)éjgaﬁ gulépu | S

inverted by theinverter ence e Hhe

r emai ni ngsgggmylﬂgtmscmemd fQ%nﬁro%t@'J.'a%Cttmé &SQoI-Ofcé &EJQ- Al & &4 By

frequency-dividing the main clocks using the first to fourth counters 6la

to 61d, thkeuatenttonypet Wigh ttheQmotaH AGiving apparatus of the instant
embodiment, these twa braking éystems of different
characteristics may be smoothly switched.with the aid of the
signal PWM inverted Short/Rev in such -a ménner that the short
braking is first used for gradually applying the braking for
lowering ;he rpm and by applying powerful braking by counter
direction current supplying braking when the pulse width becomes
maximum by PWM, theréby lowering the rpm. This imprbves
linearity.df operation and responée.characteristics'such as by
fast servo lock of rotational servo for improving.

In the driving unit iO, shown in Fig.24, the transistors of
the respective layérs'96a, 96b, 97a, 97b, 98& and 98b, ﬁn/off
controlled by the first to sixth control signals Uu.to Wi,:are
turned off gradually. Although these transistors are desirably
turned on only gradually, the bi-polar_trénsistars are turned off
acutely. Thus the upper and lower layer transistors may be
turned on simultaneously and remain in the turned-on state, such
that the ‘current from the source voltage Vce flows at a time
through these upper and lower layer transistors into the current

detection resistor 11. This through—current obstructs positive



di fferent frequencies synchronized with the main clocks nmay be produced,
thus readily producing the desired tim ngs synchronized with the main

‘cl ocks. The AND gate 64b takes a |ogical product of the count output Q1,
inverted by the inverter 63, and the count outputs (B and Q4, and sends the
resulting signal to the D-flipflop 76. Typge D flipf lop 76 synchroni zes
outputs of the AND gate 64b with respect to the main cl ocks for outputting
t he signatueentddeitirag in tihe np twherdiva nguapparatushe AND gate 64b goes
| ow. The signal Saw Wave L is then routes to the inverter 77. The inverter
77 inverts theFargnedhiduitivg/dhe ttdirougpacurhenti ghkg Sani ngveenyrel 1gr
timng when the output of the AND r(lgate 64b goes _high. The 60 si gnal s Saw
\ave L and? S%M‘%\fé’el-lsélgéaéuﬁﬁheﬂ ‘a‘%na”blpgﬁaIZISaV\FV&?/’érq*i‘hﬁbe

decay \_Md_hof on in cl {romthe dec A of the QUL Qut,
shown in FF§!286¢° ofr?h‘é° c? cths '?a’s'ho?/\ﬁ‘i %e'b 18 rcwst d7 has
asaw \gﬂfﬁ;ﬁ genep t'r'agfgg%hgoelgnsﬁe' o3 h$A99h 3! Ghe %ubﬁ'er}g SR Wi th
current supplying braking shown in F1g.21l. The signal Rev is
synchfonouély differentiated at the makimum pulse width posiiion
.lfo; PWM for forming the signal Output Open as shown in Fig.21lk.
This signal Output Open is overlaid on the first to sixth control
signals as described above so as to be suppliedl to the
"transistors of the respective layers 96a, 96b, 97a, 97b, 98a and
98b. '
In this manner, the upper and lower ldyer transistors are
compulsively turned off during short braking and reverse
-direction.curreﬁt supplying braking during the time when the
'SigﬁaJ. Output . Open is at a high level thus prohibiting the
through—current for assuring positive current driving. |
-Although the mbtor driving apparatué of thé above—described
embodiment is configured for driving cohtrol of the three—phase
motor 1, it may also be.applied to a rotdtional driving apparatus
for other multi-phase mdtors, such as a two—-phase motor or a
four—-phase motor. Also, in the above-described embodiment, the
main clocks are-500 kHz in frequency and 16 6f these clocks are
counted for forming various timing conﬁrol sighals. This,

however, may be changed according to design parameters. In



saw waves whi ch becone serrated between pul se widths of the signal Saw Wave
Timng as shown in Fig.20g. The frequency of the saw waves has a period
equal to one sixteenth of the main clock period. The PWMcircuit 7
conpares; the saw waves and the conparison output Verr fromthe
conparator 4, as shown in Fig.4g, and sends the results of conparison as a
signal PWM In shown in Fig.20k to the @@tput controller 30 shown in Fig.11
and to thadd\NOi gal ensitya oshewmébdi Fi gadiond hfayOoRer Ahie Ny Of hdARRH$RAnRY the
PWMcircuit 7 indicates that the conparison output Verr is being nodulated
by PWM byfrem &henkscBpigali\sechiariofy.t hEhe eAdMBtgaheehtiton akes t he | ogi cal
product .of the count outputs QL to 4 to form and output a synchronous
timng signal Synchronous Tim-ng which goes high each tine 16 main cl ocks
are counted, that is each tinme the count value becones equal to 1, as shown
in Fig.20h. The inverter 78c, AND gates 78a, 78b, D-flipflops 79, 80, o
inverter 81d and the AND gate 8la synchronize the signal Pull out supplied
fromthe PLL circuit 25 by the synchronous timng signal as shown in
Fig.20i. Thus the signal PWM On, which goes high for



61 one internal clock period at a timng when the pulse width of the PWM In
signal becones mninum that is at a timng when the main clock count val ue
‘becomes equal to 1 as shown in Figs.20g and 20k, is outputted via the AND
gate 81g, as shown in Fig.201. This signal PWJ On, specifying the PWM on
period, is supplied to the output controller 30 as'|ater explained, and is
used for sanple- hol ding the back-el e@0 onotive voltage. The signal PW/ On
signal | WHATSdSsCppIMBE I6:the inverter 81lc which inverts the signal PWJ On
for form ng internal clocks as shown in Fig.20j. The internal clocks, thus
gener at ed,c ar @ F¥PTt Gri HENFRIRPRT#EYS tCTMPT st ‘det ect or 22, tine del ay

unit 23, starting unit 24 and %o t he thnee-%ha e Iog'c unjt 28. Tpe gulse

W dth of the SCHRAFIEAM PRERRCTHACTREHIE PACE RAPCLFOUREAYE LRtte8s S ch
I i dt_h ' ] I h - el ect ti

Dol tage. cbparang, 13 rESpSer T BRasfe OETE AN Dloce Totor '3

becones fast e hilan B d¥e-médu Véd 46z SHERNS N2b rf FapulRah S kS| GI@ B

supplied from for exanple, the servo control system become mnus inputs
for | overidu i@ dr BIEnkDE f&F&o¥did o9adNy aRevengessiDwd tiod bheedlipds

outputted by the full-wave rectifying circuit 3. Thi s .

a rotational error signal of said motor;

minimum pﬁlse width detection means for detecting the
minimum pulse width position of the pulse width modulated signal .
from .said pulse widih modulation means;

sample-holding means for sample-holding comparison. outputs
of sad comﬁarison meahs at a timing qf_detection of the minimum
pulse width of éaid pulse width modulated signal from said
minimum pulse width detéction means; and motor driving means for
rotationally driviné the motof based upon each samplé—and-hold
'output.from said sample—and hold means.
2. The motor driving apparatus és cléimed.in claim 1 wherein
said sample—-and—~hold means includes exclusive OR detection means
for detecting an exclusive Or of comparison outputs of said
comparator means;

masking processing means for detecting the current supplying
switching timing to the respective phases for forming masking
signals of a pre—-set pulse width at the detected timing, removing
the kickback noise overlaid-oh the exclusive OR outputs from said

exclusive OR detebtion means at the current sgpplying'switching

* ¢ L KB § =



reversing signal, configured for applying rotational braking to the

t hree- phase nmotor 1 by supplying the current in the opposite direction, is
supplied to the AND gate 73a fed with the output of the AND gate 64a. 62
The AND gates 73a and 73b, inverter 73c, OR gate 73d and the D-flipflop 74
formthe signal Rev, which is a signal synchronized with the timng of
counting 16 main clocks shown in Fig. Bla, fromthe reversing signal, and.
sends the imig@akoRexilloréfpe O eIt plEd Ol i AMiBG. aThaskshgnalgmey o a
synchroni zed with the maxi nrum anplitude point of the saw wave shown in
Fi g. 21g. pReesgitgpalsReyifdtbnet heh®-déteftep tining,f cemeovingear Diickbgdl op
75, inverters 67 and 72c and to the AND gate 72b. The D-flipflop 75
synchr oninod$ e Ry edilgid| oRe ¥ IR ercluspset ORoovhRu P h 32 bR KX GHF e t's

- the synchyoni zed si naI_R%v o the AND gate. 72b vja the D, gate 72a nd
tHe | nverdceetfe‘%t}(ﬁ’." ﬂ%@"tsl i néi’eof’ufﬁgngogﬁtppéﬁt ptit g%nq ot HL T8 Y s??g‘rfgl Saw
Vave Ti mmnai%kaiql% t0fe A PNAhaP L BL A G S N 51 B B - 9102 1) 5085 £

respectively. .

signal; ’

edge detection means for detecting the rising and falling
edggs of the masking processed output of said maskihg processing
means;

sampling means for sampling comparison outputs of said
comparison means based upon an edge detection output of said edge
detection means; and

holding means for sample—holding the sampled output of said
sampling means except for a phase fo; which a back—electromotive
voltage is captured.
3. The motor driving apparatus as claimed in claim 1 further
comprising delay means for delaying the.edge detection output of-
said edge detection means after delaying said edge detection
ou@put a pre—set time,

éaid sampling means-sampling each comparison output from
said compirator'means based upon a delay output of.said delay
means for suﬁplying the sampled comparison output to said holding
means. | |
4. The. motor driving apparatus as claimed in claim 3 further

comprising current supplying state switching controlling means

W



The signal Rev is a signal used for supplying the current in the reverse
direction to the three-phase notor 1 for on/off controlling the upper and
| ower | ayer-transistors configured for supplying the source voltage to the
phase caqils 1U, 1V and 1W |f the upper and |ower |layer transistors are
on/of f controlled by the signal Rev, the two transistors may be turned on
simul taneously and remain in this statB@ for a certain tine period due to
di f f erender nridthe tinigt ohient@espeadhodf drhedgeantd tstatrion Afutguch df negid he
t hrough-current flows through both transi stors. The current val ue of the
two transidgeodstestilencoeens oar thadalaveshouwialtesfsappdi dellavinganeans -
respective ghase coils 1U, 1V and - 63 1Wso as to be used for formng the
conpari sdif ﬁtlﬂéts%ﬂ“i"?l e YO Bp AP St SP"He“ts%§a1dsU€I¥dfﬂ$dﬁW%u¥fr ent
obstructs corre %t nal control of the se not of I n_such
faeeo st

case, the®} éP"Z?"‘bte%‘é?at"é's $ht ufiﬁgf‘%g l%t'pgi"nal afﬁt RR* open
G RS E  feN N
gate 69d,the current supplying state to each phase of the motor.
5. The motor driving apparatus as claimed in claim 1 wherein
said edge detection meas detects ghe rising edgé and the falling
edge of the masking processed output qf said masking processing
means, said edge detection means detecting the prevailing chrrent
conducting state and estimating, based upon the prevailing
current supp1y1ng state, whether _fhe edge of the masking
processing output to be supplied next is a rising'edge or a
falling edge, said current supplying state switching controlling
means inverting ﬁn output of said holding ﬁeans if an edge other
than the estimated edge is detected by said édge detection means
fof effecting switching control of thé current Supplying state
to each phaée.
6. A motor driving apparatus comprising:
comparison means- for cdmparing each back-electromotive
voltage appearing in each phase of a multi-phase motor and a
common voltage which is a voltage at a neutral point of the
motor;
reversing signal outputting means for outputting a reversing

signal for applying a counter direction current supplying braking .

_—
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D-flipflop 70, AND gates 71, 72a, 72b, inverters 72c, 72d, OR gate 72e and
the inverter 72f synchronously differentiates the signal Rev with the main
cl ocks, based upon the notor on/off control signal (M OV OFF) for notor
on/ off control supplied fromthe CPU and the signal Rev, for generating a
signal Qut put Open which goes high for_two main clocks at the ri'se and
decay timngs of the signal Rev. The sp nal Qutput open is supplied to the

out put cqRfr YenRirad@ng\Wal ol eM0EBEqHE! ¥iyNG18RRAEAHE OhrFBRLT RRESOEN
- enbodi ment, bi-polar transistors are used for.the upper and | ower |ayer

transi st e mbltos bagepubmdn W Goltoef rbbetsbaned rédtgigna@enppbsiceat ftem for
exanple, 2 [err] to 4 [err] corresponding to two main clock pulses, I n
keepi ng omittsidetihe bi-polar transistor characteristics. The timng
controller 27 sanples the signal PWM In, shown in Fig.22h, supplied from
the PWM ci rcuiRulpe widih: meidyd adfionomaensgfes putprubtbe&sashuhmei widths. 22a

to 2-29’ g%)r%geat%u[) g%tn%i 6;'50% %gq:a?:?ghalian%rrti%rinGS%heO&o%ggebggg&
D-flipfl ; 8 - ally g upon

the motor rotation error signal;

minimum pulse width detection means fér detecting the
minimum pulse width posipion.of the pulse width modulateﬂ signal
from said pulse width modulation means;

sampling means for sampling each comparison output of said
comparator means at a detection timing of the ﬁinimum pulse width
of said pulse width of.said pulse width modulation signal ffom
said minimum pulse width detection meahs; .

affected phase detection means for detecting'oﬁ being fed
with the reversihg signal from said reversing signal outputting
means a phase in which a change in each back-electromotive
voltage is produced based upon'each comparison output sampled by
sdid sampling means;

holding means for holding a comparison output of a phase
other than the phase in which the change in the back-
electromotive voltage as _detected by said affected phase
detectioﬁ means is produced; and |

motor driving means for baking the motor based upon each

sample-held output of said holding means.

7. The motor driving apparatus as claimed in claim 1 further

NI g



i nverter 67 for inverting the signal Rev, and the OR gate 68, for formng a
signal PWMinverted Short/Rev for braking control of the three-phase notor
1 as shown Fig.22i, and outputs the signal to the output controller 30. If
the signal PWinverted Short/Rev is at the low |l evel, short braking for
generating counter-torque by utilizing the notor rotating current is
applied, whereas, if the signal PWM i%f%erted Short/Rev is at the high

| evel , tlaempey&ing maxinym mUme yidghbdekenyl ¢ megans Edrf det eoking \tdiey
flowi ng the current from out'side the notor for generating the L
count er - MBXAHE™ PRI ZE Mifth Fosiigiog, of heheuyde (‘f’dt‘i‘ttf"o?‘Pgﬁ“%be‘i‘ fd&idds a Wu
signal fqQrmng unit 85 a U, signal rm.ng uni.it 86, a,Vu_signal fqrmng
unit 87, %§°{‘h §F5Ral PYOF R n"@l%ﬂ?t "f%{“ola"%g‘si BRAPSt of B ngS T 1 g‘r‘l‘& a W
signal fqrm sURLt pPREI g4 w firs | t iqgnals Uu
to W fr%r% ﬁglggéoﬁﬁgﬁuﬁﬁi tgkzgfglgne%g F%gl%ﬁ: é?%%‘aﬁs%ﬂd%t%ﬁ%ﬁn%%t he
decoded sgijgnalsS.ofaNt h&VRRkEMuAOPUNIQe |WMEIH | Ndaidemditenald RO nkr QB e

timng controller 27 for qQutputting the inverted signal, an OR gate 30b for
t aki ng t heakdgigcthe :otioal by hehe tgadak iddhs £ ng el dAM 08, ¢ Guin t évv-eddrRyue30cC
for inverting the signal Qutput Open and outputting the inverted signal, an
OR gate 3@dshad makPngunhil | defect igumbftiehaagipnal pPYEL Onidthd athe s gnal
PWM i nverted Short/Rev and : :
pulse width modulated signal by said maximum pulse width
detection means, said motor driving means braking the motor by
"counter direction current supplying braking on detection of the'
maximum pulse width of said pulse width modulated signal.
8. A motor driving apparatus of a sensor—less system for
detecting the rotational position of a multi-phase rotor based
upon each back-electfomoti#e voltage appearing in each phase of
the multi—phﬁse motor, on/off controlling an upper. layer
'transisﬁor and a lower layer transistor of each phase responsive
to the results of detection for switching the current supplying
states to each phase for rotationally driving the motor,
comprising:
'swiﬁching timing detecfion means for detecting the timing
of switching the direétion of rotation; and |
controlling'means for simultaneously turhing off ;hg upper
layer transistor and the lower layer transistor of each phase for

a pre—-set time at the tiﬁing of switching of the rotational

direction as detecﬁed by said switching timing detection means.
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AND gates 91a, 91a, 92a, 92b, 93a and 93b provided in the output stages of
the first to sixth control signals Uu to W, respectively. 65 The Uu
signal formng unit 85 includes an AND gate 85a for taking the | ogical
prQduct ., of the first control signal ~Uu supplied fromthe decoding unit
29 and the signal Rev supplied via the inverter 30a, an AND gate 85b for
taking the | ogical product of the sid#&l Rev and the second control signal
U suppl Ped fThenmdterddedding appar£iand aha DRedadtne c884mf & rcomakiisg nighe

| ogical sum of the outputs of the AND gates 85a, 85b. The U signal formng
unit . 86 FABP&BESCAN TN Yatle B6&OMBR L BR| neafhéelwfwmp'r"d'ﬂuc«o geife

| R d.the first control I, U |ied f decodi i t
0. an AREPBAT SP8ciy FoFoes 75 ThEe £ g% 21 B T 31 EHRe "o LR g <P of

P eve Lt aEBRkhEEn’ 1A MEedEERf! BYIHE. LoFPaBl o MRt i hsa%%p"ed

fromthe rnve ter a and ‘Gn c for Ing the o n1of

outputs ghebhe ﬁwpsga&eatﬁ%@@ﬂa@mg AEEn &/t i %\%pdwmgﬂqmwet vdth
i ncl udes an AND gate. 87a f :

modulated signals for rotationally driving said motor based upon
a motor rotation error signal, minimum pulse width detection
means for dete;ting éhe'miﬁimum pulse width'position of the pulse
width mddulated signal from said pulse width modulation means,
sample—andfhold means for sample-holding comparison outpups of
"said comparison means at a timing-df de;ection of the minimum
pulse width of said pulse width modulated signal by said minimum
pulse width detection means, and motof driving means for forming
‘a cbntrol signal for e#ch phase for on/off driving the upper
layer transistors and the lower layer transistors based upon each
sample—and—hold output from said sample—and hold means.

10. The motor driving apparatus as claimed in claim 9 wherein
said swit;hing timiné detection means detects the max imum pulse
width position of said pulse width.moduiatéd signal for detecting

the timing of switching the rotation position.
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taking the | ogical product of the third control signal Vu supplied fromthe
decoding unit 29 and the signal Rev supplied via the inverter 30a, an AND
gate 87b for taking the |ogical product of the signal Rev and the fourth
control signal Vi supplied fromthe deciding unit 29 and an OR gate 87c for
taking the logical sumof the outputs 86 the AND gates 87a and 87b. The Vi
signal formng unit 88 includes an AND gate 88a for taking the | ogical

product MYrCRIORIVING ARPARaPUst he thi.rd control signal Vu supplied from

t he decoding unit 29, an AND gate 88b for taking the |ogical product of the
fourth camsmalacsi gnal - 66 Vi supplied fromthe decoding unit 29 and
the signal Rev supplied fromthe inverter 30a and an OR gate 88c for taking
the | ogical sammétout gutiviok tdppaiND yat esaBB8angandif@ist Thel ¥¢. siightdl
formng unit 89 includes an AND gate 89a for taking the |ogical product of
the fiftmodedetdrnsighuingy (S4pprt cBWH @iy Hrs Heldbdh P ikl ez sanFommme

signal Rev su I|ed via the |nverter 30a, an AND gate 89b for takln% t he
| ogi cal prESFuletoss tﬁg esPghar RéVlnEnﬁp?ﬁE@%?§t}Pckﬁﬁﬁﬁ(ﬂ CNRptaS

unit for compar1ng back—-electromotive voltages appearing in
respective phases of a multi—-motor, a pulse width modulating unif
for outputting pulse width modulated sighhls for rotationally
driving the motor based ﬁpbn a rotational error signal of the,
motor, a minimum pulse width detection unit for detecting the
minimuﬁ bulse width position of the pulse width modulated signal
from the.bulse width modulation means, a sample—holding unit for’
sample~holding comparispn outpufs of the comparison means at a
timiﬁé of defection of.the minimum_pulsq width of the pulse width
modulated signal from the minimum pulse width detection unit, and
a motor driving-unit for rotationally driving.the motor baséd

upon each sample~and-hold output from the sample—and hold unit.

FIGURE 7



supplied fromthe deciding unit 29 and an OR gate 89c for taking the

| ogi cal sum of the outputs of the AND gates 89a and 89b. The W si gnal
forming unit 90 includes an AND gate 90a for taking the |ogical product of
the,signal Rev and the fifth control signal Wi supplied fromthe decodi ng
unit 29, an AND gate 90b for taking the |ogical product of the sixth
control signal W supplied fromthe gﬁ? ing unit 29 and the signal Rev
supplied fromthe inverter 30a and an %gte 90c for taking the |ogica
sum of outputs of the AND gates 90a and 90b. The AND gate 9l1a takes the

| ogi cal product of outputs of the OR gate 85czof the Uu signal form ng unit
85 and the OR gates 30b 30d for outputtlrm)ghe first control signal Uu,

while the ANB put f the OR gate 86¢C
of the U S|gnal 30b38$0d for outputting
the second ¢ontrol signal U . The AND @atE3¥ ss»?hlg |.ogi cal product of
outputs of fhe OR gate 87c of the Vu $Pgn unit 87 and the OR
gates 67{30bh, 30d for oqutputting the thi 0L§§ignal Vu, while the
10
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AND gate 92b takes the |ogical sumof outputs of the OR gate 88c of the Vi
signal- formng unit 88 and the OR gates 30b, 30d for outputting the fourth
control signal Vi. The AND gate 93a takes the |ogical product of outputs of
the, OR gate 89c of the Wi signal formng unit 89 and-the OR gates 30b, 30d
for outputting the fifth control signal Wi, while the AND gate 93b takes
the | ogical sumof outputs of the OR g g0c of the W signal formng unit
90 and the OR gates 30b, 30d for outputting the sixth control signal W.
The above-described output controller 30 nodulates, in the AND gates 9la,
91b, 92a, 92b, 93a and 93c, the first to sixth control signals Uu to W by
PWM based upon the signal PWMIn supplied fromthe PWMcircuit 7, and

out puts the nodul ated signals. The output controller 30 al so nodul ates the
signal PW On for detecting the back-el ectronotive voltages in the phase

coils 1U, 1V and 1W signal t Open for prohibiting the

t hrough-current, signal PWM i ted Short/Rev f ré&ﬁitchlng bet ween the
short braking and the reverse djrection currentﬁghgguﬁgyhfmﬁklng for

prohi biting the through-currentand the signal Rev for applying the current

in the reverse direction, and outputs the nodul at ed gjgpals These first to
si xth control signal Uu to W, as well as : :
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the signal.s PWM On, CQutput open, PWMinverted Short/Rev and Rev, are sent
to the driving circuit 10 shown in Fig.7. 68 The driving unit 10

i ncl udes buffer anplifiers 94a to 94f for anplifying the first to sixth
control signals Uu to W fromthe output controller 30, as well as the
.signals PW On, CQutput open, PWMinverted Short/Rev and Rev, with a pre-set
gain, and resistors 95a to 95f provideﬂ%aﬁ¥nstrean1of t he out put stages of
the buffer anplifiers 94a to 94f, as s in Fig.24. The driving unit 10

i ncludes an upper-|layer transistor 96a for first control signal Uu, whose
base i's connected to the resistor 95a, and a | ower-|ayer transistor 96b for’
second control signal U, whose base is connected to the resistor 95b.

The driving unit 10 al so includes an uppeéer-|ayer transistor 97a for third
control .signal Vu, whose base is connected to the resistor 95c, and a

| ower -1 ayer transistor 97b for the fourth control signal Vi, whose base.is
connected to the resistor 95d. The driving unit 10 al so |i§§fﬂiﬂ§ an

L]

upper -l ayer transistor 98a for fifth control. signal W, who E e IS
connected to the resistor VOLTAGE
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95e, and a |l ower-layer transistor 98b for sixth control signal W, whose
base is connected to the resistor 95f. The collectors of the upper |ayer
transi stors 96a, 97a and 98a are connected to the source voltage VCC, while
the.l ower |ayer transistors 96b, 97b and 98b are connected to the current.
.detection resistor 11 for detecting the current supplied to the respective
phase coils 1U, IV and 1Wof the three-phase notor 1. The emtters of the
upper layer transistors 96a, 97a and 9%/%% e connected to the collectors’ of
the | ower |ayer transistors 96b, 69 97b and 98b. Thé driving voltage
supplied to the phase coils 1U, 1V and 1Wof the three-phase notor 1 is
taken out at junction points of the emtters of the upper |layer transistors
96a, 97a and 98a to the collectors of the | ower |ayer transistors 96b, 97b
and 98b. If fed with the first to sixth control signals, the driving unit
10 is responsive thereto for on/off control of the upper |ayer transistors
96a, 97a and 98a and the |ower |ayer transistors 96b, 97b and 98b. The
source voltage Vcc is taken

PWM Cérrier.
' o A A'AY,

"FIG.4



out at the above-nentioned junction points responsive to the on/off control
of the upper layer transistors 96a, 97a and 98a and the | ower | ayer
transi stors 96b, 97b and -98b so as to be supplied as driving voltages U, V
and Wto.the respective phase coils 1U, 1V and 1Wof the three-phase notor
1 shown in Fig.7. The driving currents supplied to the phase coils 1U, 1V
and 1Ware detected by the current detestaon resistor 11 in the form of
vol tages. The driving voltages, detected by the current detection resistor
11, are integrated by the integration circuit consisting of the resistor 5
and the capacitor 6 and thence supplied to the conparator 4. The
conparator 4 conpares the integrated driving voltages to the reference
value Vrec for routing the conparison output Verr to the PWMcircuit 7. The
PWMcircuit 7 conpares the saw wave forned based upon the signal Saw Wave
Tinming to the conparison output Verr &/droute the result of conparison as
the PMWMIn signal (PWMcarrier) to thg logic 70 unit 9. This enables
the first to sixth control signals tojbe fergred in the logic unit 9
responsive to the PWM In signal for o
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direct PWM driving of the three-phase notor 1, that is for directly
rotationally driving the three-phase notor 1 by the PWMIn signal. 1In
addition, since the rotational position of the rotor may be detected based
upon the, back-el ectronotive voltage generated in the phase coils 1U, 1V and
1W for performng switching control of the current supplying state to the
phase coils 1U, V and 1W rotation control of the three-phase notor 1 may
be realized w thout providing rotation#&l/2@o0sition detection neans, such as
Hal | el ements (sensor-less driving); The entire operation of the notor
driving apparatus of the instant enbodinent is explained in detail. ,
During normal rotation, the back-el ectronotive voltages U n, Vin and Wn,
shown in Fig.5a, are conpared in the conparator 2 to the comopn vol t age
COM for form ng conparison outputs U V and Wshown in Figs.5b to 5d. The

conparison outputs U, V and Ware supplied to the logic unit 9. The logic
unit takes the exclusive OR of the conparison outputs U V and Wto form an
Exor signal as shown in Fig.8f. Si nce 't he ki ckback noise is superinposed

on the Exor signal at the timng of current supply timng, the logic unit 9
masks the ki ckback noise by the first mask signal of a pre-set égﬂ se wi dth,

formed at the kickback noise generating timng (current sﬁhﬁﬁgﬁ i t ching
timng), shown in Fig.8jydLiauger to [RAD]
: J Uin Vin ~Win |

. Com
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forma signal Masked Exor shown in Fig.8f. 71 The logic unit 9 then
synchronously differentiates the signal Masked Exor using the internal

cl ocks shown in Fig.8h in order to formthe signal- SD Exor shown in Fig. 8g.
Using the SD Exor signal as a trigger, the logic unit 9 fornms a signal
Delay T, delayed 30 degrees electric, as shown in Fig.8i, and sanples one
of the conparison outputs U, V and Wfromthe conparator 2 for formng
signals Ues, Vres and Wes. These sitfR®s Ues, Vres and Wes are held
by the registers 28i, 28 and 28k. At this time, only the phase for which
t he back-el ectronotive voltage is to be captured is sanple-held by a third
- mask signal, fornmed by decoding the signals Ues, Vres and Wes, as shown
in Figs.80 to Fig.8g. Thus the signals Ues, Vres and Wes, shown in
Figs.8k to 8m are outputted fromthe ngisters 28i, 28] and 28k. The
decoding unit 29 then forns the driving | tages Uu, U, Vu, Vi, Wi and W,
shown in Figs.8r to 8w, fromthe signals Ules,3Vres and Wes, for on/off
control of .the upper and .| ower |ayer i
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transistors of the respective phase coils, and routes the driving voltages
to the output controller 30. The output control | er 30 overlays the signal
Rev, signal. Qutput Open, signal PWM On and the signal PWMinverted
Short/Re.y on the driving voltages Uu, U, Vu, Vi, Wi and W, in order to
supply the overlaid signals to the driving unit.lO. The driving unit 10
runs the three-phase notor 1 in rotation by the driving voltages U,- V and
W formed by the upper and | ower |ayer &/28nsistors of the respective phases
bei.ng 72 on/off controlled by the driving voltages Uu, U, Vu, Vi, W
and W. The PWM operation during such nornmal rotation is explcgrjed. From
t he. phase coils 1U, 1V and 1Wof the three-phase notor 1, ANGLE

back- el ectronotive vol t age®OLFAGEVin and Wns, shown in Fi JRM®d are
generated. O these, the jback-el Qﬁhl‘ ormtlve\mol t age V\w]nl s shgwn enl ar ged

in Fig.25b. On direct P e Wnis
i nterrupted by the si gnal| Sa , ; ve and by
t he S|gnal§[ OILV ?_\_/‘_\KAGCEr ( n/BQr ne t c risén o Verr from
t he conpar! OPWAVE FORM , T . AN 21:’ \
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4, shown in Figs.25d, 25e and 25f, respectively, while the conparison
outputs W(and U, V) fromthe conparator 2, supplied with the

back-el ectronoti.ve voltages U n, Vin and Wn, are also interrupted as shown
in Fig.2bg. If the signal PWMIn is on, as shown in Fig.25c, the back-

el ectronotive voltages U n, Vin and Wn are mani fested, whereas, if the
signal PWMIn is off, the Wphase term nal voltage (as well as the U and
V-phase term nal voltages) falls to the9/2%us |evel, while the conmon
voltage COM falls to the ground level. Thus, if the PWMIn signal is off,

t he back-el ectronotive vol tage becones non-detectable. Stated differently,
if the signal PWMIn is on, the back-el ectronotive force detectable. Thus
the timng controller 27 fornms internal clocks, shown in Fig.25h, produced

on synchronous differentiation at the mni pul se width position of the
signal PWMIn as descri bed 73 above. This internal clock is synchronized
with the on-domain of the signal PWM In. i MPMPERATOR nal cl ocks, the
conparison outputs U, V and Wshown in Fig.25g are sanpl ed. The sanpl ed
‘ Jin 2a
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outputs are sanple-hetd by the register for W28k (as well as register for
U 28i and register for W28j) shown in Fig.11l and issued as outputs. In
this manner, even if the conparison output W(as well as U and V) are
interrupted by the signal PWMIn, the non- interrupted conparison out put
W (out put Wes of the register for W 28Kk) as shown in Fig.25i can be

f or med. This enables detection of the back-el ectronotive voltages U n,
Vin and Wn even al though PWM dri ving i19/28 ng carried out, such that
direct PWM driving becones feasible even with the sensor-1ess notor driving

apparatus such-as the notor driving apparatus. This allows to omt the
vol tage conversion circuit for converting the signal PW In into a
vol tage signal. In addition, self- oscillation during start-up

‘possibly inhibiting rotation may be elinminated for inproving starting
characteristics. Since the back-electronotive voltages Un, Vin and Wn are
sanpl ed based upon the signal Delay T, the back-el ectronotive voltages U n,
Vin and Wn can be sanpled at positions del ayed a pre-set time fromthe
“zero-crossing points of the back- el ectrormtije voltages U n, Vin and Wn

and the comon vol tage COM This allows fer=nore positive capturing of
t he back- el ectronotive voltage than if the) back-electronotive voltage is

AN AN
' MA-
' | 3c
Vcontrol} - 1
Vrec

3a OPERATIONAL

Vref AMPLIFIER |-

o .
—e

3d l

. ‘ N . | ' Reverse
—+ :

COMPERATOR

FIG.10



74 captured at the.zero-crossing point, thus enabling snmooth starting of
“the rotation. |If the back-el ectronotive voltage cannot be detected by the
above sanpling, that is if the three-phase notor 1 cannot be rotated, the .
current supplying pattern is stepped by -one stage by the signal Step for
positively starting the three-phase notor 1. In addition, since the

ki ckback noise is nasked by the first masking signal for form ng the Exor
signal, the zero-crossing point of the ¥e&%ctive back-el ectronotive

vol tages and 't he @@@n-—@lg age COM can be detected positively and the

- back- el ectronotiv ] can be captured positively for prahibiting

mal f uncti on ot her

Since t hE ki ckback

by the ki ckback noi se.
noise is elininated by Jhe ' ' or
elimnating the kilckb&pH notse—nay—be-oni-tted—Sinrce—the vpltage. conversion
circuit and the 'Iteg}bircggt may be eli-m nated, the{notor driving '
appar atus nay be rodaned af reduced costs t hrough feduci ng the nunber of
components and oZ ~
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Simplifying the structure. In addition, since the current supplying pattern
which wi'll be manifested next is predicted based upon the current supplying
pattern and, if the actually detected current supplying pattern is not the
predicted current supplying pattern, the contents of the registers 28i to
28k are inverted by the signal Invert and the inverted contents are
outputted, correct current supply may j,799be achieved responsive to the
current rotational direction. Thus there is no risk of the notor being.
driven in the reverse direction with respect to the prevailing rotating
direction. Fig.26 shows signal timngs on switching fromusual rotationa
control to the counter direction current. supplying braking. If the
reversing signal is outputted by the full-wave rectifying circuit 3, the
signal "Rev shown in Fig.26b is forned, based upon the reversing signal as
descri bed above. The control is switched to the counter direction current
suppl yi ng braki ng, such that the three-phase notor 1 is fed with current in
t he
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reverse direction and thereby braked. The operation of various portions
during this reverse direction current supplying braking is not changed from
t hat during the above-described usual rotation, as shown in Figs.26¢c to 26x
and 27a,to 27w. The PWM operation during this reverse direction current
suppl yi ng braking is not changed fromthat during the above-described usual
rotati-on,.as shown in Figs.28a to 28i. _.Th by sanpling only the

back-el ectronoti ve vol tage of the phasé‘ ergoi ng changes in the

back-el ectronotive voltage, at the timng when the back-el ectronotive

vol tage i s changed, and sanpl e-hol di ng the back-el ectronotive voltage by
the registers 28i- to 28k,. counter direction current supplying braking can
be applied at the normal current supplying timng. The swi tching between

t he short braking and the counter 76 direction current supplying
braking is caused to occur by sanpling the signal PWMIn shown in
Fig.22h at the timng of 16 counts of the nmain clocks shown in Fig.22a,

that is at a timng when the puhse width of the pulse wi dth nodul ation
becones : S : :
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maxi mum |f the signal PWinverted Short/Rev, a sanpled output, shown in
Fig.22i, is at a lowlevel and at a high level, the short braking and the
counter direction current supplying braking are applied, respectively. The
followi ng description is nade with reference to the upper |ayer transistor
96a for Uu, lower layer transistor 96b for U, upper layer transistor
97a for U and the |lower layer transistor 97b for Vi. During short
braki ng, the current flowi ng out fromth®&/%9phase coil 1V flows through
the Ilower-layer transistor for Vi 97b, current detection resistor 11 and

t he di ode Du before being returned to the U phase coil 1U, as 'indicated by
asolidline in Fig.29. Thks results in short braking. During the counter
direction current suppl yi_rlg,g) aking, the current fromthe source voltage

- Vcc via the upper |ayer twansijstor fop Uu 96a flows through the U phase
coil 1U, V-phase coil 1V, N opex-| ayermiansi stor for Vii 97b and the current

detection resistor 11,kbefo ei ng retjurned to the source voltage Vcc, as

-shown by a broken Iianin Fi 9. .Ln both cases, the above-nentioned

current braking is fea®iPle si eEQhe current traverses the current
detection resistor 11. :
<
M
N p
.
&)
N «
=] FaN
: |
Y e :
8 8-
N oY
Ja
| — <
RN, = :
A o
——
' LL.
»
[\VIAN o =
2\
L4
o)
(& ]
Q\ i<
A.
M
A 4
A .
l—‘.
86 50
o
£ 3
Q
=



77 The short braking is a passive braking system conprising generating the
counter-torque by utilizing the current for notor rotation control, while
the counter direction current supplying braking is an active braking system
. conprising positively supplying the current fromoutside the notor for
generating the counter-torque. Wth the notor driving apparatus of the

i nstant enbodi nent, t hese t wo brglg)\%% systens of di fferent
characteristics may be snoothly switch h the aid of the signal PW
inverted Short/Rev in-such-a manner that the short braking is first used
for gradually applying the braking for |owering the rpmand by applying
power ful braking by counter dirfection current supplying braking when the
pul se width becomes maxi numby PW t®ereby Ilowering the rpm  This
i nproves linearity of operation and re%p?nse characteristics such as by
fast servo |ock of rotational servo Epr doproying. In the driving unit 10,
shown in Fig.24, the transistors of &lre Fbsqg:tive | ayers 96a, 96b, 97a,
97b, 98a and 98b, on/off controlled by fhre fifst to sixth control signals
Uu to W, are turned off gradually..élt(gggm [ hese transistors are
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turned on only gradually, the bi-polar transistors are.turned off acutely.
Thus - t he upper and | ower |ayer transistors may be turned on sinultaneously
and remain in the turned-on state, such that the current fromthe source
vol fage Vcc flows at a tinme through these upper and | ower |ayer transistors
into the current detection resistor 11. This through-current” obstructs
positive 78 current driving in the notor driving apparatus. For

prohi biting the through-current, the tidbd@9%ontroller 27 forns the signal
Rev, shown'in Fig.21j, synchronized with the timng of 16 counts of the
mai n cl ocks shown in Fig.2la, based upon the reversing signal, for applying
the counter direction current supplyigg braki ng shown in Fig.21li. The
signal Rev is synchronously differentTated @9@he maxi num pul se wi dth
position for PWM for form ng the si gn§| OperMask3shown in Fig. 21k.
This signal Qutput Open is overlaid orft t To sixth control signals
as described above so as to b8su@Hied tp the tgmnsi stors of the

respective La%@' 96a, 96b, 9Sras b,— 98t ard-98h."
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In this manner, the upper and |ower |ayer transistors are conpul sively
turned of f during short braking and reverse di.rection current supplying
braking during the tinme when the signal Qutput.Open is at a high |evel

t hus prohibiting the through-current for assuring positive current driving.
- Al 'though the notor driving apparatus of the above-described enbodi nent is
configured for driving control of the three-phase notor 1, it may al so be
applied to a rotational dr|V|ng apparat ot her28ul ti - phase notors,
such as a two- phase— 3

6@ . A'go, in the
" above-descri bed enbodlneqks are Sgpfkkt in frequency and 16
of these cl ockyyayig.gount ed ': of il yarious” timng control :
signals. This, IRETe 7 erl NORESIS|RIKRIN paraneters. In
79 addition, many ot hér dif} ca ' e vmgtgg@pt departing from
the technical scope off blag;r _ ;
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80 WHAT IS CLAIMED | S: 1. A notor driving apparatus conprising:

conpari son neans for conparing back-el ectronotive voltages appearing in
respective phases of a nmulti-notor; pulse wi dth nodul ati ng nmeans for
outputting pul se width nodul ated signals for rotationally driving said

nmot or based upon a rotational error signal of said notor; mninmm pulse

w dth detection neans for detecting the m ninmum pul se width position of the
pul se wi dt h nmodul ated signal fromsaid 5§V§3 wi- dt h nodul ati on neans;
sanpl e- hol di ng means for sanpl e-hol di ng conpari son outputs of sad
conparison nmeans at a-timng of detection of the m ninmum pul se wi dth of
said pul se width nodulated signal fromsaid m nimum pul se width detection
means; and notor driving neans for rotationally driving the notor based
upon each sanpl e-and-hol d out put from said sanpl e-and hold nmeans. 2. Th-e
~notor driving apparatus as clained in claim1l wherein said sanpl e-and-hold
means i ncl udes exclusive OR detection neans for. detecting an exclusive O’
of conparison outputs of said conparator neans; masking processing nmeans
for detecting the current supplying o
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swtching.timng to the respective phases for form ng masking signals of a
pre-set pulse width at the detected timng, renoving the kickback noise
overlaid on the exclusive OR outputs from sai d exclusive OR detection nmeans
at the current supplying swtching 81 timng to said respective phases,
form ng a masking signal of a pre-set pulse width at the detected tim ng,
renmovi ng a ki ckback noi se overlaid on the exclusive OR output of said

excl usive OR detection neans at the curl9ef29 supply switching timng by said
maski ng signal and outputting a resulting,masking pr ocessed signal; edge
detectionh neans for detecting the rising pef falling edges of the masking
processed out put of said masking processi®g neans; sanpling neans for

sanpl i ng conparison outputs of said conpagfEson neans based upon an edge
detecti on outpsit of said edge detection rffans; and hol di ng means for

sanpl e- hol di nget he ,sanpl ed out put og S | i ng_nmeans except for a phase
for which a= <>k-eléﬁt omtive ?
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voltage is captured. 3. The notor ‘driving apparatus as clainmed inclaiml
further conprising delay neans for del aying the edge detection output of
sai d edge detection neans after delaying said edge detection output a
pre-set tine, said sanpling nmeans sanpling each conparison output from said.
conpar at or nmeans based upon a del ay out put of said delay neans for ,
suppl yi ng the sanpl ed conpari son out put 20¢29ai d hol di ng neans. 4. The
notor driving apparatus as clained in claim3 further conprising current
suppl ying state swtching controlling nmeans 82 for detecting whether or
not an: edge detection output of said edge detection nmeans or a del ayed

out put of said delaying neans is being supplied, varying the contents of

sai d hol di ng nmed&ss id edphe delection Jodt pit or| shid del ayed output
are not supplieaBf r'ess tli me \f or| efff ¢ctijng switching control of the
current supplyir& sEgte 1o ¢a phase\of| t He|notlor. 5. The notor driving

appar atus as cl ZB8red3i lfai m I wher ei - -
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sai d edge detection neas detects the rising edge and the falling edge of
t he maski ng processed out put of sai‘d nmaski ng processi ng neans, said edge
det ecti on nmeans detecting the prevailing current conducting state and
estimating, based upon the prevailing current supplying state, whether the
edge of the masking processing output t%bﬂg supplied next is a rising edge
or a falling edge, said current supplyi ?ate_smﬁtching control ling nmeans
i nverting an output of said holding nmeans if.an edge other than the
estimted edge is detected by said edge detection neans for effecting
- switching control of the current supplying state to each phase. 6. A

mot or driving apparatus conprising: conparison neans for conparing each
back- el ect r onot iSge i—é peaytn .ea¢h phasp of a multi-phase notor
and a common volEEa ' is| a yoltgge at |a neutal |point of the notor;
reversing signal&o in ang for\Joutpwttijng p rgversing signal for

) [%n cyrfent updl yi ng brpking 83 '

appl yi ng a counts
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for generating a counter-torque by flowing the current through the notor
based upon a notor rotation error signal supplied fromoutside; pulse wdth
modul ati on neans for outputting a pulse wi dth nodul ated signal for :
rotationally driving the notor based upon the notor rotation error signal;
m ni nrum pul se wi dth detection nmeans fobzd cting the m ni num pul se w dth
position of the pul se wi dth nodul ated si'dnal fromsaid pulse width
nodul ati on nmeans; sanpling neans for sanpling each conparison output of
'sai d conparator neans at a detection timng of the m ninmum pul se wi dth of
said pul se wdth of said pulse width nodul ati on signal fromsaid m ni nrum
pul se wi dth detection neans; affected phase detection neans for detecting

on being fed with t& % ilhg $igrad m sdi d feversing signal
hch a|change injeacp back-el ectronotive

out putting neans a &hag8. |

vol tage i s producedc=bactd on|efich Jconpyri son oufput sanpled by said

sanpl i ng nmeans; hols ] hgl di ng, a Conpafi son out put of a phase
ichf }the hange n the back-

=

ot her than the H:ha

el ectronotive vol t g ectied by sai diyaff ectefl phase detection neans is
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notor driving neans for baking the notor based upon each sanpl e-hel d out put
of said holding neans. 7. The notor driving apparatus as clainmed in claim
1 further 111111 111111 11111 11111 111111 ~* C L M S * . 84
conpri si.ng maxi mum pul se wi dth detection neans for detecting the nmaxi num
pul se width position of the pulse width_nodulated signal fromsaid pul se

w dt h nodul ati on nmeans and sanpli ng thezédﬁﬂarlson out puts of said

conpari son outputs at the detection timing of the maxi mum pul se wi dth, said
not or driving neans braking the notor by short aking of generating a

counter-torque in saprmte.t_u.n.LUJ_ejM_ bhe naxi ul-se width of

t he pul se wdth nodgwireshsignal by said | puI se wfdth detection

means, sai d notor dHGhﬁﬂltmﬂW he FBLOF unter direction
current supplying on de (0;(9)] £ max mum pul se width of said
pul se w dth 31 a I ghal . R—-n‘m—%dy(w nE appar at us of a
_ sensor-1|ess syst% d‘F ect nﬁi%‘-’-r@t-a-t-; QRal- pppli ti 0é1 of a nulti- phase
rotor based yy&=22 3 8508 c! la
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upon each back-el ectronotive voltage appearing in each phase of the

mul ti-phase notor, on/off controlling an upper |l ayer transistor and a | ower
| ayer transistor of each phase responsive to the‘results of detection for
swi_tching the current supplying states to each phase for rotationally
driving the notor, conprising: switching timng detection neans for
detecting the timng of switching the gir tion of rotation; and
controlling means for sinultaneously t #ﬁ? g off the upper |ayer transistor
and the |l ower |ayer transistor of each phase for a pre-set tinme at the
timng of switching of the rotational direction as detected by said

switching timng detectioh neans. 85 9. The notor driving apparatus as
claimed in claim8 conprising conpari.son neans for conparing
back-el ectronoti ve vol t ages appeari in respective phases of a multi-phase

notor to a conmon vol tage which is &neutral point voltage of said
~multi-phase notor, pulse wdth nDduZatinMCﬁbans for outputting pulse width

nmodul ated signals for rotationally H#rivin§ said notor based upon .
BUFFER S%S. :
a

94a 95a

Uu | 2?; _
" 94b 95p 6P — ouU
Ji '

. 949¢c 95¢ - g7b .
Vuo::{:>>—j0\Af \‘P)—_;%S
o 97.b|\j ' -V
94d 95d
VIQ\ID—W' \Vrf -

AN

949e 95e | 98a
_ \\_ﬂ//
Wu
4af 95f - 98b w
wi | - | |
Current , Y
Sense . '

11



a notor rotation error signal, mninmmpul se width detection neans for
detecting the m nimum pul se width position of the pul se wi dth nodul at ed
signal fromsaid pulse width nodul ati on neans, sanple-and-hold nmeans for
sanpl e- hol di ng conparison outputs of said conparison neans at a tining of
det'ection of the m nimum pul se width of said pul se wi dth nodul ated si gnal
by said minimum pul se wi dth detection nedB429and notor driving nmeans for
forming a control signal for each phase for on/off driving the upper |ayer
transistors and the | ower |ayer transistors based upon each sanple-and-hold
out put from said sanpl e-and hol d neans. 10. The notor driving apparatus as
clainmed in claim9 wherei '(g%svw' t chi ng tlvm ng detectjon neans detects
t he maxi num pul sé wi dth ' : said mll gk Al for
detecting the tim ng of
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