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TITLE OF THE INVENTION

.Motor Driving Apparatus

BACKGROUND

w_mgg_t_&a
This ;nvention relates to .a motor driving apparatus
advantégebusly employed for a variety of equipments with built-in
motors, sqch as a recording/reproducing apparatus for disc—-shaped .
rgcordiné media, suéh as.magnetic discs, magneto—optidai discs
srkcompact disc; video fape recorders, video camera apparatus or
: cgmeraiapparatus. More particularly, -it relates to a motor
«zhfﬁriving apparatus enabl;ng difect pulse width modulation driving
;tdi;edt PWM driving) in a so—called sensor-less motor.
Background of the Invention
;?here has'hitherto been knowﬁ a sensor—-less driving system
motdr\qriving apparatus as_shdwn in Fig.1. If a.U—phase.coil 5000
_and a.V;phase coiI 500V of a three-phase motor 500 are fed with
: gurreﬁt,'Fhese coils 500U and 500V operate r for generating a
torque foéﬂacfing as a mbtor. Howevér, the remaining W-phase
coil 500W \bperates as 'a generator to .generate a . back-
electromotivel fofce. 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 cbiis.500U, 500# 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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That is, the back-electromotive forces Uin, Vin and Win,

generated by the“phase coils 500V, 500U and 500W, are fed via a

filter circuit 501 to a comparator 502, while a common voltage
COM of a common terminal 500a, which is a neutral poiﬁt yoltage_
of-the three—-phase motor 500, is fed via the filter circuit 501
to the épmparator 502. |

The filter circuit 501 is configured as shown in Fig.2,
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-pass filter

517 made up of a resistor 517a and a capacitor 517b. The common

voltage COM from'the common terminal 500a is féd to a low—-pass

filter 518 made up of a résistor 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 coils 500U, 500V and 500W, and the current

conduction timing of the phase 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.driving, a kickback noise is

produced at the turn-off timing of current conduction switching
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for the phase coils 500U, 500V and 500W, as shown in Fig.3a.
This kickback noise, if left as it is, obstructs downstream side
signal processing since it is overlaid on the back-electromotive
vdltages Vﬁn, Uin and Win and the common voltage COM.

Thus the lowfpass filters 515, 516.and'517 extract the

kickback noise from the back-electromotive voltagés Vin, Uin and

Win from the low-pass filters 515 to 517 to transmit the

‘extracted kickback -noise as a reference voltage to the
?omparators 519 to 521.

The comparators 519 to 521 compare the common voltgge COM
to the back-electromotive voltages Vin; Uin and Win to transmit
cbmparison_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 fed with the minus side rotational

servo signal generates reversing signdls for applying a
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rotational braking and transmit§ the reversing signal thus
generated té the logic unit 508. L ’

A current detection resistor 511 (Risensj detects the
cdrrent in the form of a voltage which is fed ﬁo the.phase coils
500U, 500V and 500W from a driver 510 as later explained.

The detected value (Curfént Sense) isjintegrated by ta resistor

505a and a capacitor 505b so as to be supplied fo 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 ou£ 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
Vcc. 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
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driving unit 510. The logic unit 508 detects an exclusive logical

sum (Exor) of the comparison outputs U, V and W from the
comparator 502, shown in' Figs.3b to 3d, for forming an Exor
signal shown in Figs.3b to 3d. The rising and falling edges of
the EXor signal specify the ze;o—crossing points 6f‘the back-
electromotive forces Vin, Uin.and Win and the coﬁmon voltage
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
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layer transistors 523, 524 for the V-phase coil 500V, upper and

 1oweri1ayer transistors 525, 526 -for the W-phase coil 500W,

buffer amplifiers and resistors connected to the bases of the

transistors 521 to 526, as shown in Fig.5.

The collectors of the upper layer transistors 521, 523 and

.525 are connected to input terminals of a supply voltage VS from

the'voitage'conversion circuit 507;.while the emitters of the
lower 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 522, 524 and 526. The driving current

‘to be supplied to ﬁhe phase coils 500U, 500V.and 500W is taken

out at the Jjunction pbints between 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 voltage VS taken

out at the respective junction boints are fed to the respective

phase coils 500U, 500V and 500W of the three—phase motor 500.

The values of the supply voltage VS, supplied to thé phase
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coils 500U, 500V and 500W, are detected by the current detection
resietor 511. These detected values are compared by the

comparator 511 to the reference value ‘Vrec for carrying out

indirect PWM. driving based upon the comparison output Verr. This

_enables the current conducting state in the respective phase

coils 500U, 500V and 500W to be_meintained at a constant level.

| "Since the motor driving deeice 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 detection means, such as

.Hall devices.

If, with the above—described sensor—less motor 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 level,
prediction can be made to a certain extent provided the voltage

on/off width remains the same. However, the voltage on/off width
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naturally differs by reason of pulse width modulation driving,

so that detection of the back-electromotive force at the voltage
turn-off time and hence motor rotation control become infeasible.
For this reason, the conventional sensor—less motor driving
apparatus cannot be driven directly by PWM driving, so that 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 50i
can be used only for constant rpm applicatibns, 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 make automatic variable

"control of the electrical time constant of the filter circuit

501 responsive to the rpm of the three—bhase motor, it becomes
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necessary to provide a special circuit for this purpose thus

complicating the circuit structure and ultimately raising the

" production cost.

Although the filter circuit 501 is provided for eliminating
the kickback noise in the conventional sensor-less motor driving

apparatus, the kickback noise is superimposed at the current

‘conduction switching timing .as shown in Figs.3b to 3d. The

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, thus obstructing correct current conduction

'switching timing control.

In addition, since the capturing'of the respective.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
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current is supplied to an incorrect phase, motor rotation is not

produced at the motor start—up time or motor rotation ceases

during low-speed motor rotation, while the rpm of the motor is

drastically lowered during normal motor rotation.

In .addition, with  the above—described sensor—less mbtbr
driving apparatus, both the short braking system generating 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 outside, are

empldyed. 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 but 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'simultaneously, thus producing
the through~current, that is the current flowing at a time to the.

ground from the voltage source VS via the upper and lower layer
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transistors.’

With the gbove-described sensor—less - mdtor driving
apparatus, in which the driving currents of the respective phases
. Are detected by the current defection ?esistor 511 and controlled -
so as to be.consfant, detectidn.of the driving currents of the
respective phases becomes inaccurate by such thfough—curren;,_
thus disabling correct rotational driving of the motor.

SUMMARY OF THE INVENTION

' It is a prim#ry 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 back—
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 t6 provide -
a motor driying apbaratus whereby finer braking control bécomes
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
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of the motor.

in oné aépect, the present invention provides a motor
driQing apparatus including comparison means for comparing back-
electromotivé voltages appearing in respeqtive phases of a motor
having plural phases, pulse width modulatiﬁg means for outputting
-pulse width modulated signals for.rotationally driving the motor
based upon a rotational error signal of said motor,.minimum bulse
width detection means for detecting the minimum pulse width
position of the pulse width modulated signal from the puise wid#h
modulation means, sample—hoiding means .for sample-holding
compérison 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
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said exclusive OR detection means at the current supply switching

timing by said masking signal and outputting a resulting masking
proéessed signal, edgé detection means fqr detecting the rising
;nd falling edges of the masking processed output of the masking
ﬁroceséing means, sampling means - for sampling comparison outpﬁts
of the comparison means based upon an edge detection output of
the edge detection means; sampling means for sampling each

compariéon dutﬂut 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
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are not sﬁpplied for a pre-set time for effecting switching
control of the current supplying state to each phase of the
motor.

The edge detection meas detects the rising edge and the
falling edge of a masking processed output of ‘the masking
processing means, while also detecting the prevéiling ;ﬁrrent
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
mearis 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 means for comparing 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 error
signal supplied from.outside, pﬁlse width modulation meané for
outputting a pulse width modul#ted signal for rotationally

driving the motor based upon the motor rotation error signal,



15 -

minimum éulse width detection means for detecting the minimum.
pulse width position of the pulse width modulated signal from the
pulse width modulation means, sampling means for sampling each
'éompafison output of the comparator means at a detection timing
.of the minimum pulse width of the pulse width bf thé.pulse width
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
ia 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
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by counter direction current supplying braking on detection of

the maximum pulse width of the pulse width modulated. signal.
The pfesent invéntion also provides a motor driving
apparétus of a sensor—less'system for detecting the rotational
position of a multi-phase rotor based upén each back-
electromotive voltage appearing in each phase of the mult@—phase
motor and for on/off controlling an upper layer transistor and
a lower layer traﬁsistor of each phase responsive to the results
of detection for switching the current supplying states to each
phase for rotationally'driving the motor: The motor driving
apparatus includes switching timing detection means for detecting
the timing of switching the direction of rotation, and
controlling means for simultaneously turning off the upper 1ayef
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 'thé' multi-phase motor, pulse width modulating means  for
outpu£ting 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 pulse'width
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modulation means, SampLe—and-hold means for sample-holding
comparison outputs of the comparison means at a timing of
detection of thé minimum pulse width of the pulse width modulated .
signal by the minimum pulse width detection means, and motor
driving means for forming a control signal for each phase_fo£
_on/off driving the upper layer transistors and the lower 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 position of the pulse width modulated signal from the
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pulse width modulation means. -The minimum pulse width position
specifies the period during which the pulse width modulated
signal is turned on. The sample—-and-hold means sample—-holds the
comparisoh outputs from the comparﬁtor means at the detection
timing of the minimum pulée width of the pulse width modulated
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
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sampling means samples comparison outputs of the comparison means
based upon the edge detection output of the edge detection means.
The holding means sample—holdS'the sampled output of the sampling
means except that fof the phase fof which the 'back—electromotive
force is captured, thus enabling.the direct PWM driving.

If an iron core motor is employed as the métor, it 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 delay 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 §u§plied
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 indiéates
thatlthe 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

control means varies the contenfs of the holding means for
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switching the current supplying state to each phase of the motor.
This enables motor start—up characteristics to be improved.

| Wxth the motor driving apparatus of the present invention,
the edge detection means detects the rising edge and the fa111ng
edge of the maskihg processing output of_fhe masking processing
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 direetion. Thus, if an edge other than
the predicted edge is detected by the edge detection means, the
current supplying state switching eontrol 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 Eupplying state responsive to the rotational
position of the rotor. The cdﬁparator means eompares each back-—
electromotive force produced in each phase and a common voltage
which is a neutral point voltage of the motor. The pulse width
modulation means forms and outputs a pulse width modulated signal

for rotationally driving the motor based upon the motor rotation
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error signal.

The minimum pulse width detection means detects the minimum
pulse width position of the pulse width modulated signal from the
pulse width ?odulation meané.. The_minimum bulse width position
specifies the period during which the -pulse width modulated
.signal is turned on. The sampling means and the holding means
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'
éigﬁal. 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—electromotive 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
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the back-electromotive force as detected by the affected phase

detection means. The motor driving means Srakes the motor based
upon each sample—held output of the holding means. |

This enables counter direption-currgnt supplying braking in
direct PWM driving. |

The maximunxpﬁlse_width detection méans of the motor driving
apparatﬁs 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 méduiated 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
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position of the rotor by on/off controlling the upper and lower
layer traneistbrs of each phase fof rotationally driving the
motor. The - switching timing detection mans detects the
rotational direction-switching'timing.

During the time of switching the rotational direction, the
ueper 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
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backfelectromotive'forcé induced in each phase of the motor tb
tﬁe common vdltage which is thé neutral point voltage of the
motor. The pulse width modulation means forms and outputs é
pulse width modulated signal for rotationally driving the motor
based upon the motor rotation error signal. The minimum pulse
width dgtegtidn méans.detects the minimum puise width position
of _the pulse width modulation sigqal from the pulse width
modulation megns.. The position of the minimum pulse width
speéifies the period during 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 outpgt 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
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signal specifies the rotational direction switching timing. Thus
the control means controls the two transiétors simultaneously at
the maximum pulse Width timing for thereby prohibiting the
throughrcurrent'as-described above.

BRIEF DESCRIPTION OF THE_DRAWINGS

Fig.1 ié a block didgram 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.
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‘ Fig.10 is a circuit diagram showing a full-wave rectifier

circuit provided in the motor driving apparatus'shown in Fig.T.

Fig.11l is a block -diagram of ; logic unit provided in the
motor driving apparatus shown in Fig.7.

Fig.12 is a circuit diagram showing a mask circuit provided
in the logic unit.

Fig.13 is a circuit' diagram shoﬁing an edge detector
provided in the lﬁgic unit.

Fig.1l4 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
’provided in the logic unit. |

Fig.20 is a timing.chart for illustrating the deteétioﬁ
timing.for detecting the back-electromotive force duriﬁé PWM
_ control of the motor driving appﬁratus'showﬁ iﬁ Fig.7.
Fig.21 is a timing chart for illustrating the operation of

prohibiting the through-current of the motor driving apparatus
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shown in Fig.7.

Fig.22 is a timing chart for illustrating the switching
éperatién of sﬁitching.between the short braking system and the
' current_conduction braking system in the motor driving apparatus
shown in Fig.7. |

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.T. |

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
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in Fig.T. .
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings,'preferred embodiments of a motor
driving apparatus according to the present invention will be
éxplained in detail. |

The motor driving apparatus embodying th‘e present invention |
is a so—called sensor—less motor driving apparatus, ana 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 motor 1, #nd
a full-wave rectifier 3' for full-wave rectification 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 ﬁnif g9 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
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three—phase motor 1 responsive to the control signals Uu, Ui, Vu,"
Vi, Wu and Wi from the logic unit 9, and . a current detection
resistor 11 for.detecting.the driVing-current of the three-phase -
motor 1 in the form of a voltage and for supplyihg'the resulting
voltage to the comparator 4 via an integration circuit consisting
of the resistor 5 and the capacitor 6.

The operation of the aboVe—déscribed motor driving.apparatus
of the instant embodiment is as follows: If the.current is
supplied to, for example, the U-phase coil 1ﬁ.§nd 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 genérator 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,
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, are

fed to the comparator 2.

The comparator 2 is made up of three comparators 2a to 2c
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for the U-phase, V-phase and the W-phase, as shown in Fig.9. The

common voltage COM is fed as a reference voltage to each of the
comparators 2a to 2c. The back-electromotive voltages Uin, Viﬁ
ana Win are supplied via resistors to the comparator 2a for U-
phase, comparator 2b for V-phase and to the comparator 2c for W-
phase, respectively. The compargtors 2a to 2c compare the back-
electromotive voltages Uin, Vin and Win, with the .common voltage
COM as a reference, as shown 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.
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If the rpm of ﬁhe three-phase motor 1 eXceéds'a pre-set
value, the rotational servo signal. is the minus input for
lowering the rpm. Thus the full-wave rectifier circuit 3
compares the reference voltaée to the rotational servo signal in.
the third compararor 3d. If supplied with the minus—input
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
resistof 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: .
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The.logic.unit g9 is configured_as sﬁdwn in Fig.11, in wﬁich
the comparison signals U, V and W, having the kickback noise from
'ﬁhe comparator - 2 superimpoéed thereon, are supplied to an-
exclusive OR (Exor) circuit 20 and a three—-phase logic unit 28.

The Exor circuit 20 takes 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 signal 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;
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The D-flipflop 2le synchronizes outputs of the OR gate 21d with

respect to the internal clocks.

‘Specifically, the masking circuit 21 holds ‘the previous
s£éte_of the Exor signal, or directly outputs the Exor signal
when the first mask signal is at a high level.or'at a low level,
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 tg the
pulse width 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 detéﬁtor (synchrﬁnous differenfiating circuit) 22
includes a first D-flipflop 22a for synchronizing the masked Exor
signéls with fespect to thé,internal clocks and a second D-
flipflop 22b fof re—synchronizing the masked Exor signals,
.synchronized by the first 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
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inverter 22d as later explained and a masked Exor signal from the
second D-flipflop 22c inverted in polarity by the inverter 22c,
and a second AND gate 22g for taking the logical product of the
masked Exor signal from the first D-flipflop 22a, inverted in
polgrity by the inverter 22c, the second mask signal and the
masked Exor signal from the second D-flipflop 22b. The edge
detector 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 inverted 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 22j5.

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

rotationally driven by six curreht conducting patterns, that is
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a first current conduction pattern, consisting in a combination

of high,(H), lowl(L) and high (H), a second cuprent conduction
pattern, consis;ing in a combingtion of H, L.and p: a third
current conduction pattern; consisting.in a combinafion of H, H
and L, a fourth current conduction pattern, consistihg in a
combination of L, Hand L, a fifth current conduction patfern,'
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 Qoltage$ Ures, Vres and Wres shown in
Figs.8k to 8m. The combinations of H, H, H and-L, L, L are not
employed. Thus tﬁeldecoding unit 29 is able to predict the next
current conduction pattérn by decoding the prevailing current
conducfion of the back—eleéfromotive voltages Ures, Vres and
Wres.‘The prédiction output is the above—meﬁtioned second mask
signal. | |

The back—-electromotive voltages Ures; Vres and Wrgs are
inverted in polarity during rot&tion in the ﬁsu;l direction and
during rotation in the reverse direction. Thus the sequence of
the current conduction pattefns is reversed during rotation in
the usual direction and during rotatioﬁ in the reverse direction.
Thus the edge detector 22.switches between the SD Eior signal and
the Invert signal for the rotation in the usual direction and for
the rotation in the reverse direction, reépectively, and outputs

the so—selected output.

Thus the m#sked Exor signal is supplied to the first
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flipflop 22a.. Thus the first D—flipf;op 22a counting the
internal clocks by one transmits the.masked Exor signal to the
first and third D—flipflops_ZZf,_ZZi. "The first D-flipflop 22a
also transmits the masked Exor siénal via the inverter 22e to the
second and fourth AND gates 22g, 22J. The second D-flipflop 220
counting the internal clocks by one transmits the'masked Exor
signal via_the invérter 22c to the first and third D—flipflops.
22f, 22i, while transmitting the é#me signal to the second and
fourth AND gates 22g, .22j.

Thus, during.rotation in the usual 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 signal at the
thirad and fourth AND gates 221, Zéj at the rising fiming 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,
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and 1is dri?en by. being fed - with current over 120 degrees
electric, as-shown in Fig.Sé. For.dfiving such iron—core motor
(three—phase motor 1), the current supply is preferably advanced
in phase 'to a slight extent for correcting the delay in the
driving current due to coil inductance. Thus the timé~qe1ay unit
23' delays the signal 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 electric, 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
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phase coils U, V and W, is supplied to the three-phase logic unit

28. The signgl Delay T is used in the three-phase logic unit 28
as a sampling pulse for the back—electfomotive voltages Uin, Vin
and Win, as will be explained subséquently.

. The second AND gate 23j is fed with an output of the fourth
éhift register 23d and an output of tﬁe sixth shift register 23f
inverted by the inverter 23i. Thus the second AﬁD 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 the 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 Fig.15, 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
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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 logical product of outputs of the first to third
counters 24a to'24q for supplying the resulting signal to the
fourth coﬁnter 24d. The starting unit 24 also includes a tﬁird
AND gate 24h for taking the logical product of outbuts of the
first to fifth counters 24a to 24e for outputting the resulting
signal, and a D—flipflop 24j for synéhronizing 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 supﬁlied periodically to the starting
unit 24 for each complete revolﬁtion_of the three—phase'motor 1.
If, however, the current is supplied to an inappropriate phase
coi;, or the motqr ;s at a staqutill, the signal Flug,ceases to
be supplied to the starting unit 24. 1In suéh 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 coﬁtinuously fed with current. Thus the
starting unit 24 is sfarted at a timing when thé high-level Flug
'signal is supplied, that is directly after the current'supplying
state is éwitched after sampling the back—electfomotive voltage,
.and counts 32, for example, of the internal clocks._ If the
" signal SD Exor is not supplied until counﬁing 32 internal clocks,

the three—phase'motor 1 is deemed to be at a standstill, and a
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signa} Step for switching to the next current conduction pattern
is issued. This signal Step is supplied to the three—phase logic
unit 28.

The operation of the.starting unit 24 ceases when.the'zero;
crossing point of the back—electromotiye voltage is detected and
the counters 24a to 24e are feset by the signai 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
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39 for forming a fifth control signal Wu for on/off control of
an upper layer transistor fof the w—bhase coil, -and a Wi signal
forming unit 40 for forming a sixih control siggal Wi for on/off
control of a lower layer. transistor for the W-phase coil. The
resﬁéctive transiéﬁors 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—elec?romotive 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 unit 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,signai Uu.

The Ui signal forﬁing unit 36 has an AND gate 36a, supplied
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with the back—eiectromotive voltage Ures, inverted by the first
inverter 29d, the back—electromotive voltage Vrés, and the back-
elgctromotive voltage Wres, invertéd by the third inverter 29f,
an AND gate 36b, supplied with the back—-electromotive voltage
Ures, inverted by the first inverter 29d, the back-electromotive
_'voltage Vres and the back-electromotive voltage Wres, and an OR
gate 36c for outputting thg logical sum Of 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 the back—-electromotive Qoltaée Ures f;dm the first inverter’
29a, the_ back—electromotive voltage Vres and the b#ck—
electromotive voltage Wres, inve;ted 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, inverted by
the second inverter 29e, and the back—electromotive voltage Wres,
an AND gate 38b,‘supp1ied with the back—eleétrdmotive voltage
Ures, the back—electromotive voltage Vres, inverted by the second
inverter 29é, and the baék-electromotive Qoltage Wres, and an OR’

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



43
gates 38a, 38b as the fourth control signal Vi.
| The Wu signal forming unit 39 has an AND-gate'39a. supplied
with the back-electromotive voltage Ures, inverted by the'firsp
inverter 29d, the back-electromotive voltage Vres, inverted by
the second inverter 29e, and the back-electromotive voltage Wres,
an AND gate 39b, supplied with the back-electromotive voltage
Ures, inverted by the firgt invertér 29d, the back—-electromotive
voltage Vrés, and the back—electromotiye voltage Wres, and an OR
éate éQc-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
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gate 39b of the Wu signal forming unit 39, takes a logical sum
of the outputs for forming the third mask signal Mask3—V.-

The third OR gate 29c, fed with an output of the AND gate
37a of the Vu signal forming unit 37 and an output of the AND
gate 35b of the Uu signal forming unit 3§, takes_a logical sum
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
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supplying pattern (H,'H, L) and the fourth current supplying
pattern.(L, H, L) shown in Figs.8k to Bm; the Vu signal fprming
unit 37 outputs the third control signal Vu, which is at high
level during this time, as shown in Fig.8t. 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 sixth current supplying pattern (L, L, H) ghown in
IFigs.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 W?es
. 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-
eléctromotiQe 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



46
the AND gate 37b of the Vu signal forming unit 37 and an output

of the AND gate 39a of the.Wu signal forming unit 39 for forming
~a third mask signal Mask3-U which goes high for a pre-set period
at the éhange timing of the back-electromotive voltagé Ures as
shown in Fig.80. This thi;d mask signal is fed to the three—
phase logic unit 28, _ . |

:.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
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voltage U among the back-electromotive voltages U, V and W as the

comparison outputs of the comparator 2 shown in Fig.7, and a
register 28i for U for holding the back-electromotive voltage U
sampled by'the U-sampling circuit 45. The three—-phase logfc
circuit 28 also includes a register control circuit 46 for U for
inverting the contents of the registér'ZBi for U by an inversion
signal Invert from the edge detector 22 on detection of the
reverse 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 voltagelV, 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 supplying 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
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28 also includes a register control circuit for W 50 for
inQerting the contents of the register for W éBk by the inversion
signal (Invert) on detection of the r;verse rotation of the
three—-phase motor 1 or stepping the current supplying pattern for
the register 28k for U as the next current suppiying pattern by
fhe 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 signalﬁ(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 Delay 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.
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The register control circuit for U 46 includgs an inverted
output of the pegister for W 28k from the inverter 46c, an output
of the OR gate 28g and the aﬁove 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 sampling circuit 47 includes an AND gate 47a, fed with
the back-electromoti?e 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.
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The.registér_control circuit fd} W 50 includes an AND gaie
50a fed with inverted outbut of the register.for V 28j from the
inverter 50c, an output of the OR gafe 28g and the above signal
Step, and an AND gate 50b fed with the signal Invert, ou§pu£ of
the OR gate 28g and tﬁe inverted output of the regigter for‘w 28k
from the inverter 50d. |

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;electromotive 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
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transmits the resulting sampled signals to the registers 28i to
Z8k via OR gates 28d to 28f. This enables onl& the back-
electromotive Qoltage of the phase coil which has undergone
chaﬁges. The back-electromotive voltages of the remaining phase
coils are held by the registers 28i to 28k. Thus the registers
28i to 28k directly output the back—electromotive voltages Ures,
.Vresl and 'Wres, that is the sampled outputs' of the back-
electromotive voitages U, V and W held thereby a.s' s.hown in
Figs.8k and 8m, uﬁless the -signal Invert or the signaI.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 in#ppropriate 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
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clocks are counted by the coﬁnteré 24a to 24e of thg starting
unit 24 so that the signal Step for stepping to the next current
supplying pattern is issued.

When fed witﬁ the signal Steﬁ, the three-—-phase logic uni;
28 has .the fegister control circuité 46, 48 and 50 set to the
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
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the register for U 28i so that an inverted output of the register
for V.ZBJ is suppiied via the invérter-48d to the register 28j
and an inverted output of the.register W 28k is sent via the
invgrtef 50d to the register W 28W.
. This enables outputs of the registers 28i to 28k to be
inverted in their entirety into those for 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 v;ltages can be
sampled at correct timings and held By the 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 baqk—electromotive voltages Ures, Vrés and Wres, formed

by the three-phase logic unit 28, are supplied to the decoding
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unit 29 where they are separafed-into the first to si*th control
signals Uu to Wi for on—off-control of the upper and lower layer
transistors of  the respeétive phases. The résulting control
-signals are roufed to the output controller 30. -

Referring to Fig.11l, the timing controller 27 forms varjous
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,
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and a second counter 61b fof counting two count autputs Ql from
the first counter 61la. The timipg controller also includes an
AND gaté 62a for taking a logical pfoduct of a count output Ql.
6f the first counter 6la and a count output.QZ of the second
counter 61b,'and a third counter 61c for counting two dutputs of
the AND gate 62. The timing controller also includes #n AND gate
62b for takiné a'logical product of the cdunt outputs Q1, QZ and’
a count output.Q3 of the third counter 61c and a fourth countef
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
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a logical sum of the AND gates 65a and 65b and a D-flipflop 66

for synchronizing outputs of the OR gate 65 to the main clocks.
The timing. controller 27 also includes an OR gate 68 for taking
a logical sum of an outpuf of the D-flipflop 66 and the signal
: Rev.for current supply in the reverse direction, formed in the
D-flipflop 74 based upon the reversing signallRev 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 69c and the output of the D-flipflop 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 cfééks. 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
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74, inverted by the inverter 72c, and an output of the D~flipflop
75, and an AND gate'72b for taking the logicai product of the
reversing signal Rev from the D-flipflop 74 and an output of the
D—flipflop 75 1inverted by the inverter 72d. The timing
controller 27 also has an OR gate 72e for taking a logical sum
of outputs of the AND gates 72a gnd 72b and an inverter 72f for
inverting #n output 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.
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The timing controller.27 also has an AND gate 78a for taking
a logical product of the signal Pull Out frem the PLL circuit 25
and an dutput of the AND gate 64, and an AND gate 78b for taking
a logicél product of the output of the AND gate 64c inverted by
thé inverter 78c and an'output of the D-flipflop 79. The timing
controller 27 also has an OR gate 78d for taking thé logical sum
'of outputs of the AND gates 78a, 78b and a D—}lipflop 79 for
synchronizing outbuts 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 81l1a for taking a logical product 6f
an output of the D-flipflop 79 and an 6utput of the D-flipflop
SO inverted by the inverter 81b for forming and outputting a
signal PWM On for detecting the back-electromotive force. The
timing controller 27Ialso-has an inverter Bic for inverting the
signal PWM On from the AND gate 8la for forming #nd outputting
an internﬁl clock. .

Witﬁ 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 ;f 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 6utput Qé whose frequency is one

fourth the frequenéy of the main clocks, as shown in Fig.8c. The
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éount output Q2 is fed via the AND gate 62a to the third counter
61c, which then counts two of fhé count outputs Q2 to form the
count dutput Q3 whose frequency is one 'eighth the frequency of
the main clocks‘shown in Fig.8d. The count outpuf Q3 is supplied .
via the AND gate 62b to £he fourth counter 61d, which then counts
two qf the count oﬁtputs Q3.to form the cdunt output Q4 whose
frequency .is one sixteenth the frequency of the main clocks, as
shown in Fig;8e. Tﬁese count oﬁtpufs 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 cﬁunters 6la td 61d, the coﬁnt outputs Ql to Q4 having
different frequencies synchronized with the.main 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 énd 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 invérter_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
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signals Saw Wave L and Saw Wave H are supplied ;s ; signal Saw
Wave Timing having a decay width of one main clock from the decay
edge of fhe count butput Q4 shown in Fig.20f to the PWM cir;uit
7 shown in Fig.1. |
The PWM circuit 7 has a saw wave generating portion therein
and generates, on being supplied with the signal Saw\d;ve 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 78é, 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 syn_chrondus timi'ng signal '

as shown in Fig.20i. Thus the signal PWM On, which goes high for
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one internal clock period at a timing when the pulse width of the
PWM.In signal becomes minimum, that is at é timing whén the main
clock count value_becomes equal to 1 ;s shown in Figs.ZOg and
20k, is outputted via the AND gate 81a; as shown in Fig.201. This
signal PWM On, specifying the PWM on period, is sﬁpplied to ihe
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 clocks

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.



62 .

The AND gates 73a and 73b, inveftér 73c, OR gate 73d and the
D-flipflop 74 fo?m the'signql-Rev, which is a signal synchronized
with the timing of counting 16 main ciocks shown in Fig.21la; from
tﬁe reversing signal, and sends the signal Rev to the outpﬁt
controller 30. This signal Rev is synchronized with the max imum
amplitude point of the saw wave 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 respgct 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/pff
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



63
1W so as to be used for forming the csmparison output Verr in the
comparator 4. Thus, such through-current obstructs correct
rotational-control of tﬁe three—phase motor 1. - In such case, the
timing controller 27 generates an output open signal Oqtput Open
for.simgltanéoﬁsly turning both transistors off for prohibiting
-genesation of the through-current.

That is, the AND gates 69a; 69b, inverter 69c, OR gate 69d,
D—flipflop 70, AND gates 71, 72a, 72b, inverters 725, 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 the rise and decay timings

of the signal Rev. The signal Output open is supplied to the

0
output: controller 30.

With the motor driving apparafus of the instapt 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 65a and 65b, inverter 65c, OR gate 65d, D-flipflop 66,
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inverter 67 for inverting thé signal Rev, and the OR gate 68, for
forming a ;ignal PWM inverted Shﬁrt/Rev for braking control of
the three-phase motor 1 as shown Fig.22i, and outputs the signal
to fhe output controller 30. If the signal PWM inverted Short/Rev
is at the low level, short braking for generating 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 iﬁcludes 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 inverted 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.
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The Uu signal forming unit 85 includes an AND gate_85a for

taking the logical product of the first control signal Uu
suppl1ed from the decodlng unit 29 and the signal Rev supplied
via the inverter 30a, an AND gate 85b for taking the logical
product of the S1gna1 Rev and the second control signal Ui
supplied from the decoding unit 29 and an OR gate 85c for taking
the 10g1ca1 sum of the outputs of the AND gates 85a, 85D.

The Ui signal forming un1t 86 includes an AND gate 86a for
taking the logical product of the signal Rev and the first
control 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 sgpplied
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 ggtes 87a and 87b.

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

88b for takiﬁg_the logicél product of the fourth control signal
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Vi supplied from the decoding unit 29 and the signal .-Rev

supplied from the inverter 30a and an OR gate 886 fop taking the
logical sum of oﬁtputs of the AND gates 88aland'88b.

The Wu signal-forming'unit'ag includes an AND gate 89a fdr
taking' the logical product .of the fifth control signal Wu
supplied from the decoding unit 29 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
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30b, 30d for outputting the third control signal Vu, while the

AND gate 92b takes the logical sum of outputs of the OR gate 88c
6f the Vi signal forming unit 88 and the QR gates 30b, 30d for
outputting the fourth control signal Vi.

fhe AND gate 93a tgkes the 1ogica1 product of outpuﬁs of the
OR gate B9c of the Wu signal forming unit 89 and the OR gates
30b, 30d for outputting the fifth control signal Wu, 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 tﬂe 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 modulatgd
'“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
betweén 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, #s 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.
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The driving unit 10 includes buffer ampliffers 94a to 94f
for amplifying the first to sixth control signals Uu to Wi from.
the output controller 30, as well as the signals PWM On, Output
open, PWM inverted Short/Rev and Rev, with a pre-set gain, and
resistof; 95a to 95f provided downstfeam of the output stages of
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.uhit 10 also includes an upper-layer trénsistor g8a for
fifth control signal Wu, whose base is connected to the resistor
95e, 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,
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97b and 98b. The driving voltage supplied to the phase coils 1U,

1V and 1W of the three-phase motor 1.is taken out at junction
points of thé emitters of the upper layer transistors 96a, 97a
and 88a to the collectors of the lower layer-transistors 896b, 97b
and 98b.

If fed with the firsf 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 apd 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
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unit 9; This enables the first to:sixfh control signals to be
formed_in the logic unit 9 responsi?e to the PWM In signal for
direct PWM driving of the tﬁree—pﬁase_motor 1, thgt is for
_ directly rotationally driving'the fhree—phase motor 1 by the PWM
In signal. In addition, since the rotational'position of the
rotor may be detected based upén 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 éurrent supply timing, the logic unit 9.
masks the kickback 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.
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The 1logic unit 9 then synchronously differentiates the

signal Masked Exor using the internal clocks shown in Fig.8h in
order to form the signal SD Exor shown in Fig.8g. Using the SD
Exor signal as a trigger, the logic unit 9 forms a signal Delay
T, delayed 30 degrees electric, as shown in Fig.8i,.and_samples
one of the comparison outputs U, V and W froh_the comparator 2
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, onl& 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,
Vu, 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
l'in rotation %y the driving voltages U, V and W, formed by the

upper and lower layer transistors of the respective phases being
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on/off controlled by the driving voltages Uu, Ui, Vu, Vi, Wu and

Wi.

The PWM operation during such.normél rotatipn is explained;
From the phase coils 1U,'iV and 1W of the three-phase motor .1,
the back-electromotive voltages Uin, Vin and Wins, shown in
Fig.25a, are generated. Of these, fhe back—electromotive voltage
Win is shown enlarged in Fig.25b. On direct PWM driving, the
back—-electromotive voltage Win is interrupte& by the sigqal 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 timinglcontroller 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
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above. This internal glock is synchronized with the 6n-domain
of the signal PWM In. Using the internal clocks, the comparison
outputslU, V and W shown iﬁ Fig.25g are saﬁpled{ The sampled
outputs are saﬁple—held by the register for W 28k.(as well as
register for U 28i and register for W 28j) shown in Fig.1l1l and
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
.aIIOWS 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
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captured at the zero4cr055ing point, thus enabling smooth

stafting of the rotation.

If thé back-electromotive voltage cannot be detected by the
‘above sampling, that is if.the three—phase motor 1 cannot be
rotated, the current supplying pattern is stepped by one stége
by the signal Step for positively starting the three-phase motor
1. | |

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
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be achieved responsive to the current rotational directiqn._Thus
"there is no risk of the motor being driven in the reverse
direction with respect to the prevailing rotating direction.

Fig.26 shows signal timings on switching from usual
rotational control fq ﬁhe 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 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 operation 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 currenf supplying timing.

The:swifching between the short braking and the counter -
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direction current 'suppiying braking 1is caused to occur by
sampling'the signal PWM In éhown_in Fig.22h at the timing of 16
counts of the main clocks shown in Fig.22a, that is at a timing
when the pulse. width bf the pulse width modulation becomes
" maximum, If the signal PWM inverted Short/Rev, a sampled output,
shown in Fig.22i, is at a low leyel and at a high level, tﬁe
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 detectioﬁ resistor 11.
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The short braking is a passive braking system comprising
génerating the counter-torque by utilizing the current for moior
rotation control, while the counter direction current supplying
braking is an active. braking system comprising positively
supplying the current ffom outside the motor for génerating the
counter—torque. With the motbr driving 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 the 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, on/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
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current driving in the motor driving apparatus.

For prohibiting the through-current, the timing controller
27 forms the signa1 Rev, shown in Fig.21j, synchronizgd with the
timing of lé counts of the main élocks shown in Fig.2la, based
upon the reversing'signal,'for applying the counter direction
current supplying braking shown in Fig.21i. 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 Opeh 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
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addition, many other modifications may be made without departing

from the technical'scope of the resent invention.
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WHAT IS CLAIMED IS:

1. A motor driving apparatus comprising:

comparison means for ¢comparing back—elgctromotiQe voltages
@ppearing in respective phases of a multi—motor;

pulég width hodulating means for outputting pulse width
modulated.signals for rotationally driving said motor based upon
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
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timing to said respective phases, forming a masking signal of a

pre-set pulse width at the detected timing, removing a kickback
noise oveplaid on the exclusive OR output of said exclusive OR.
detection means at the currént sﬁpply switching timing by said
.masking signal- and outputting a resulting masking processed
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
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for detecting whether or not an edge detection output of said

edge detection means or a delayed output of said delaying means
is being supplied, varying'the contents of said holding means if
said edge detection_ output or saiq deiayed output are not
supplied'for a pre—-set time for effecting switching control of
the cuprent supplying state to each phase of the motor.
5. The motor driving apparatus as claimed in claim 1 wherein
said edge detection meas detects the 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 supplying state, whether _fhe edge of the masking
proceSsing 6utput to be supplied next is a rising'edge or a
falling edge, said current'supplying state switching controlling
means ipverting 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 .

_—

A g



83

for generating a éouhtep-tbrque by flowing'thé curfent through
the motor based upon a motor rotation érror signal supplied from
outside; ' |

pulse width'modulatiqn means for outputting a pulse width
modulated signal for rotationally driving the motor based upon
the motor rotation error signal;

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

sampling means for sampling each comparison outpup 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 phasé 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
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comprising maximum pulse width detection means for detecting the

maximum pulse width,ﬁosition of the pulse width modulated signal
-from said pulse width modulation means and sampling the
comparison outputs of said comparison outputs at the detection
timing of the maximum pulse width, said motor driving means
braking the motor sy shbrt braking of generating a counter—-torque
in said motor until detection of the maximum pulse width of the
pulse &idth 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:

sw1tch1ng timing detect1on means for detect1ng the timing
of switching the dlrectlon 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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9. The motor driving apparatus as claimed in claim 8 comprising

comparison means for comparing back—electrpmotivé voltages
appearing in respéctive phases of a.multi—éhase motor to a common
voltage which is a neutral point voltage of said multi-phase
motor; pulse width moddlating means for outputting pulse width
modulated signals for rotationally driving said motof 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 each 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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