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TITLE OF THE INVENTION 

Motor Driving Apparatus 

BACKGROUND 

Field of the Invention 

This invention relates to a motor driving appar~tus 

advantageously employed for a variety of equipments with built-in 

motors, such as a recording/reproducing apparatus for disc-shaped 

r_e.cording media, such a:s. magnetic discs, magne~o-optical discs 

or,compact disc, video tape recorders, video·camera apparatus or 

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

driving apparatus enabling direct pulse width modulation driving 

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

Background of the Invention 

There has hitherto been known a sensor-less driving system 
..... ~ . 

motor~riving apparatus as_ sho·wn in Fig.1. If a U-phase coil 500U 
\ 

and a V-:phase coil 500V of a three-phase motor 500 are fed with 
. . \ 
current, these coils 500U and 500V operate· for genera-ting a: 

\ 

torque for ·acting as a motor. However, the remai_ning W-phase 

coil 500W 
\ 
'operates as a generator to generate a. back-

electromotive force. The sensor-less driving system motor 

driving apparatus thus detect the rotational position of the 

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

respective phase coils 500U, 500V and soo·w for switching control 

of the current condu~tlve states of the phase coil~ 500U, 500V 

and 500W for·rotational control. 
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2 
That is, the.back-electromotive forces Uin, Vin and Win, 

generated by the phase coils 500V, 500U a~d 500W, are fed via ~ 

filter ci~cuit 501 to a comparator 502, while a common voltage 
I 

COM of a common terminal 500a, which is a neutral point voltage 

of the three-phase motor 500, is fed via the filter circuit 501 

to the comparator 502. 

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

wherein the back-electromotive force Uin 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 a 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 fed to a low-pass 

filter 518 made up of a re~istor 518a and a capacitor 518b. 

With the sensor-less d.riving system motor driving apparatus, 

described above, the rotational position of a rotor is.detected 

based upon the back-electromotive forces (voltages) Uin, Vin and· 

Win from the phase coils SOOU, SOOV and SOOW, and the cur~ent 

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 rotational 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 
• 

voltages Vin, Uin and Win and the common voltage COM . • 
Thus the low-pass filters 515, 516 and· 517 extract the 

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

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

extracted kickback .noise as a reference voltage to the· 

comparators 519 to 521. 

The comparators 519 to 521 compare the common voltage COM 

to the back-electromotive voltages Vin, Uin and Win to transmit 

comparison.outputs U, V and W shown in Figs.3b to 3d to a logic 

unit 508. 

On the other hand. a full-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 circuit 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 transmits the resulting signal as a reference value Vrec to 

a comparator 504. If the rpm of the three-phase motor· 500 

exceeds a pre-set value, the rotational servo signal is shifted 

in the minus side for lowering the rpm. Thud the ful !..-wave 

re ct if ier circuit 503 on being f.ed. with the minus ·side rotational 

servo signal generates reversing signals for applying a 
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rotational braking and transmits the reversing signal thus 

generated to the logic unit 508. , 

A current detection resistor 511 (Risens) detects the 

current in the form of a voltage which is fed to the phase coils 

500U, 500V and 500W from ~ driver 510 as later explained. 

The detected value (Cur~~nt Sense) is integrated by ta resistor 

505a and a capacitor 505b so as to be supplied to the comparator 

504. 

The comparator 504 compares the reference value .Vrec and the 

integrated value of the detected cu~rent (Current Sense) d~teeted 

by t~e current detection resistor 511 and routes a comparison 

output.Verr to a pulse width modulation circuit (PWM circuit) 

506. 

The PWM circuit 506 modulat'es the comparison output by pulse 

width modulation to form a pulse width modulated signal (PWM 

carrier) whic~ is r~uted to a voltage cohversion circuit 507. 

This indicates that the cu~rent driving is b~ing carried out by 

pulse width modulation. 

The voltage conversion circuit 507 is configured as shown 

in Fig.4 in which a transistor 515 connected to a source voltage 

Vee is driven in a switching operat·ion by the pulse width 

modulated signal to form a pulse width modulated v.oltage 

corresponding to the pulse width modulated signal .. This 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 zero-crossing points of the back-

electromotive forces Vin, Uin and Win and the common voltage 

COM, respectively, as.shown in Figs.3a and 3e. Thus the logic 

unit 508 detects the rising and falling edges of the Exor signal 

and captures the back-electromotive voltages Vin, Uin and Win at 

the detection timing. Based upon the back-electromotive voltages 

Vin, Uin and Win, the logic unit forms an upper layer transistor 

control signal Uu and a lower layer transistor control signal Ui 

for the U-phase coil 500U, ·shown in Figs. 3f and 3g ,. an upper 

layer transistor control signal Vu and a lower layer transistor 

control signal Vi for the U-phase coi 1 500V, shown in Figs. 3h and 

3i, and an upper layer t~ansistor control signal Wu artd a lower 

lay~r transistor control signai Wi for t~e W-phase coil 500W, 

shown in Figs.3j and 3k, and transmits these control signals to 

the· driving unit 510. 

When supplied with a reversing signal from the full-wave 

rectifier circuit 503, the logic unit 508 reverses the polarity 

of the control signals Uu, Ui, Vu, Vi, Wu and Wi and transmits 

the signals to the driving unit 510. 

The driving unit is made up of u'pp.er and lower layer 

transistors 521, 522 for the U-phase coil 500U, upper and lower 
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layer traniistors 523, 524 for the V-phase ~oil 500V, upper and 

lower·. layer transistors 525, 526 . for the W-phase coi 1 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· voltage conversion circuit 507, while the emitters of the 

lower layer transistors 522, 524 and 526 are corinected .to the 

current detection resistor 511. The emitters of the upper layer 

transistors 521, 523 and 525 are connected to the collectors of 

the lower layer transistors 522, 524 and 526. The driving current 

to be supplie4 to the phase coils 500U, 500V a~d 500W is taken 

out at the junction points between the collectors and the 

emitters of the respective transistors. 

With the above-described driving unit 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 lower layer transistors 512 

to 526, respec.tively. Thus the upper and lower layer transistors 

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 taken out at the respective junction points 

responsive to the on/off control. The supply voltage VS taken 

out at the respective junction points 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 the phase 
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coils 500U, 500V and 500W, are detected by the current detection 

resistor 511. These detected values are compared by the 

comparator 511 to the reference value ·Vrec for carrying out 

indirec~ PWM. driving based upon the comparison output Verr. This 

enables the current conducting state in the respective phase 

coils 500U, 500V and 5·00W to be maintained at a constant level. 

Since the motor driving device of the sensor-l~ss dri~ing 

system is capable of detecting the rotational position of the 

rotor by the back~electromotive force generated by each of the 

phase coils 5000, 500V and 500W for ~witching control of the 

current conducting state to the phase coils·500U, 500V and 500W, 

rotational control of a· three-phase motor becomes possible 

without providing rotational position detection means, such as 

.Ball devices. 

If, with the above-described sensor-less motor driving 

apparatus, the voltage conversion circuit 507 is eliminated and 

th~ 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-of~ timing for the phase coils 

500U, 500V and 500W, while the common voltage COM is decreased 

to the ground level, as shown in Figs.Sa ~o 6c. At this time, 

it become~ impossibl~ to detect the back-electromotive force. 

Even if the common voltage COM is decreased to the ground leyel, 

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 voltagi 

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 convers·ion 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 circuit 507 thus raising· the production cost. 

In addition, it is necessary with the conventional ~ensor-less 

motor driving apparatus to provide the filter circuit 501 for 

.eliminating the kickback noise from the back-eiectromotive 

voltages Uin, Vin nd Win of the respective phases and the common 

voltage COM, thus increasing the number of component parts and 

hence the production cost. In addition, since the electrical 

time constant of the filter circuit 501 is set in association 

with the rpm of the three-phase motor 500, the fi 1 ter circuit 501 

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

disc teproducing apparatus configured for controlling the disc 

rotation at a constant angular velocity (CAV). Furthermore, the 

electrical time constant of the filter circuit 501 needs to be 

varied each time the rpm of the three-phase motor is varied. 

Al though it may be contemplated to make automatic variable 

control of the ~lectrical time constant of the filter circuit 

501 responsive to the rpm of the three-phase 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 ~liminating 

the kickback noise in the cbnventional sensor-les~ 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 outputs from the 

comparator 502, as shown in Figs.3b to 3d. Since the logic unit 

508 captures the respective back-electromotive voltages at the 

timing of detecting the rising and·decaying edges of the ~xor 

signals, ·that is at the zero-crossing point of the back­

electromotive force and the common voltage COM, the rising edge 

or the dec~ying edge cannot be detected correctly if the kickback 

voltage appears in the Exor signal, such that it becomes 

impossible to capture the respective back-electromotive voltages 

at a correct timing, thus obstructing correct current conduction 

·switching timing control. 

In addition. since the capturing of the respective back­

electromot~ve 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 

produ.ced at the motor start-up time or motor rot at ion 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 motor 

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 positiv~ly flowing the current in the motor from outside, are 

employed. However, ther.e 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-described sens.or-less motor driving 

apparatus, the upper layer transistors 521, 523 and 525 and the 

lower layer transisto~s 522, 524 and 526 shown in Fig.5 are bi­

polar transistors, which are turned on acutely but are tur'ned off 

only gradually over a longer time interval. The result is that, 

if the transistors 521 to 526 are on/off controlled during 

inversion o~ the dire~tion of current conduction; that is during 

inversion 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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t.ransistors. 

With the above-described sensor-less · motor driving 

apparatus, in which the driving currents of the respective phas_es 

are detected by the current detection resistor 511 and controlled· 

so as to be constant, de~ection of the driving currents of the 

respec~ive phases becomes inacc~rate by such through-curren~. 

thus disabling correct rotational driving of the motor. 

SUMMARY OF THE INVENTION 

It is a primary object of the present invention to provide 

a ·motor driv.ing apparatus whereby the PWM driving in the sensor­

less system is enabled without providing a voltage 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 be captured s.atisfac_torily for 

prohibiting current conduction to an incorrect phase for 

improving moto~ startin~ characteristics. 

It is a second object of the present invention to provide 

a motor driving apparatus whereby finer braking control becomes 

possible by operatively associating the short braking system and 

the counter current applying braking sy~tem with each other and 

occasionally by switching control between the two braking 

systems. 

It is a third object of the present invention to provide a 

motor driving apparatus whereby the through-current may be 

prohibited from flowing for assuring correct rotational d~iving 
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of the motor. 

· in one aspect, the present invent ion provides a mdtor 

driving apparatus including comparison means for comparing back­

electromotive volta~es appearing in respective phases of a moto~ 

having plural phases, pulse width modulating means for outputting 

pulse width modulated signals for rotationally driving (he motor 

based upon a rotational error signal of said motor, minimum pulse 

width detection means for detecting. the minimum pulse width 

position of the pulse width modulated signal from the pulse width 

modulation _means, sample-holding means for sample-holding 

comparison outputs of the ·comparison means at a timing of 

detection of the minimum pulse width of the pulse width modulated 

signal by the minimum pulse width detection means, and. motor 

driving means for rotationally driving the motor based upon each 

sample-and-hold output from the sample-and hold means. 

The sample-and-hold means includes exclusive OR detection 

·means for detecting an exclusive Or of comparison outputs of the 

comparator means, ma~king processing means for detecting the 

current supply.ing switching timing to respective phases for 

forming mask~ng signals of a pre-set pulse width at.the detected 

timini, removing the kickback noise overlaid on the exclusive OR 

outputs from the exclusive OR detection means at the current 

supplying switching timing to the respective phases, forming·a· 

masking signal of a pre-set pulse width at the detected.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 ma~king 

processed signal, edge detection means for detecting the rising 
. . 
and falling e4ges of the masking processed outp~t of the masking 

processing means, sampling means· for sampling comparison outputs 

of th~ comparison means based upon an edge detectitin output of 

the edge detect ion means. sampling means for sampling each 

• • 
comparison output of the comparator means based upon the edge 

detection output of the edge detectioh means. 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 according to the present 

invention also includes . delay means for delaying the edge 

detection output of the edge detection means after delaying the 

edge detection output a pre-set time. The sampling means samples 

· each comparison output from the comparator means based upon a 

delay output 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 current supplying state switching 

controlling means for detecting whether or not the .edge detect ion 

output of the edge detection means or a delayed output of the 

delayln~ 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 supplied for a pre-set time for effecting ·switching 

control of the current supplying state to each ph.ase of the 

motor. 

The edge detection meas 

falling edge of a masking 

detects the rising edge and the 

processed out"put of the masking 

processing means, while also detecting the prevailing current 

conducting state and estimating, based upon the prevailing 

current supplying state, whether the edge of the masking 

processing output to be supplied next is a· rising edge or a 

falling edge. The current supplying state switching controlling 

mearts inv~rts an output of the holding ~eans ·if an ~dge other 

than the estimated edge is detecte~ by the edge detection means 

for 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 reversing si_gnal outputting means for outputting a 

reversing signal for applying a counter direction current 

supplying braking for generating a counter-torque by flowing the 

current through the motor based upon a motor rotation error 

signal supplied from outside, pulse width modulation means foi 

outputting a pulse width modulated signal for rotationally 

driving the motor based upon _the motor rotation error signal, 
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minimum pulse width detection means for detecting the minimum 

pulse width posit.ion of the pulse width modulated signal from the 

pulse width modulation means, sampling means for sampling each 

comparison output of the comparator means at a detection timing 

of the minimum pulse width of the pulse width of the_ pulse width 

modulation signal from the minimum pulse width dete~tion means, 

·affected phase detection means fcir detecting on being fed with 

the reversing signal from the reversing signal outputting means 

a phase in which a chan~e in each back-electromotiv~ voltage is 

produced ·based upon each comparison output sampled by the 

sampling means, holding means for holding a comparison output of 

a phase other than the phase in which the change in the back­

e l ec t romot ive voltage as detected by the affected phase detecti'on 

means is produced, and motor driving means for baking the motor 

based upon each sample-held outpu~ of the holding means. 

The motor driving apparatus according to the present 

invention also includes maximum pulse width detection means for 

detecting· the maximum pulse width position of the pulse width 

modulated signal from the pulse width modulation means and 

sam~ling the comparison outputs of the comparison outputs at the 

detection timing of the maximum pulse width. The motor driving 

means brakes the motor by ~~art braking of generating a counter­

torque in the motor until· detection of the maximum pulse width 

of the pulse width modulated signal by the maximum puls~ 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 present invention also provides a motor driving 

apparatus of a sensor-less system for detecting the rotational 

p~sition of a multi~phase rotor based upon each baek-

electromotive voltage appearing in each phase of the multi-phase 

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

a lower layer transistor of each phase r.esponsive to the results 

of detection for switching the current supplying states to each 

phase for rotat1onally 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 £or simultaneously turning off the.upper layer 

transistor and the lower layer transistor of each phase for a 

pre-set time at the timing of switching of the rot.ational 

direction as detected by the switching timing.detection 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 neut~al point voltage 

of the multi-phase motor, pulse width modulating means .. fo·r 

outputting pulse width modulated signals for rot~t ional ly driving 

the motor based upon a motor rot at ion error signal, minimum pulse 

width detection means for detecting the qiinimum pulse width 

position of the pulse width modulated signal from the pu~se width 
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samp~e-and-hold means for 

of the comparison means at 

sample-holding 

a timing of 

detection of the minimum pulse width of the pulse width modulated 

signal by the minimum pulse width detection means. and motor 

driving means for forming a contr~l signal for each phase for 

on/off driving the upper layer tran~istors and the lower layer 

transistors based upon each sample-held output from the sampl~­

and hold means. 

The switching timing detection means detects the maximum 

pulse width position of the_ pulse width modulated signal for 

detecting the timing of switching 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 and 

effecting switching control of the cu.rrent supplying states 

responsive to the rotational position of the rotor. The 

comparator means compares the back-electromotive force appearing 

in each phase of the motor to the common voltage which is the 

neutral pofnt voltage of the motor. The pulse width modulating 

means '.forms and .outputs a pulse width modulation signal for 

rotationally driving the motor based upon .a motor rotation error 

signal. 

The miriimum pulse width detection means detects 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 

comparison outputs from the comparator means at the detection 

ti~ing of the minimum pulse width of the pulse width modulated 

signal for detecting the back-electromotive force. The motor 

.driving means rotationally drives the motor based upon the back-

electromotive force of each phase which is a sample-held output 

of the sample-and-hold means. 

This enables direct PWM driving of directly driving the 

motor by the pulse width modulated signal. 

Specifically, the sample-and-hold'means includes exclusive 

OR detections means, masking processing means, edge detection 

means, delaying means, sampling means arid holding means. 

The· exclusive OR det~ction means detects the exclusive OR 

of the comparison outputs of the comparator means and transmits 

the results of detection tq the masking processing means. The 

masking processing means detects the current supplying switching 

timing to the respective pha~es and forms the maiking signals of 

the pre-set pulse width at this timing, a~d operates for removing 

the kickback noise overlaid on the exclusive OR o.utput 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 out.put of the edge detecti.on means. 

The holding means sample-holds the sampled output of the sampling 

means except. that for the phase for which the "back-electrom~tive 

force is captured, thus enabling the direc~ PWM driving. 

If an iron core motor is employed as the motor, it is 

desirable to advance the current supplying phase slightly for 

_c~rrect ing the delay in the driving current caused by co i 1 

inductance. Thus, with the,motor driving apparatus according to 

the present invention, the delaying means delays the edge 

de~ection 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 coil 

inductance to be compensated to capture the back-electromotive 

force at a correct ti~ing .. 

With the motor driving apparatus according to the present 

invention, the· current supplying state switching control 1 ing 

means detects whether an edge detection output is being supplied 

from the edge detection means or the delayed output is being 

supplied from the delaying means. The fact that the edge 

detection output or the delayed output is not supplied indicates 

that the motor is not being rotated in the prevailing current 

supplying state. Thus, if no edge detect ion output nor the 

delayed output is supplie.d, the current supplying state switching 

control means varies th·e contents of the holding means for 



20 
switching the current supplying state to each phase of the motor. 

This enables motor start-up characteristics to be improved. 

With the motor driving apparatus of the present invention, 

the edge detection means detects the rising edge and the falling 

edge of the masking processing qutput of.the masking processing 

means and detects the prevailing current supplying state in order 

to predict whether the" edge of the masking processing output to 

be supplied next is a rising edge or a falling edge. If the 

predicted edge is not supplied, it indicates that the motor is 

rotated in the reverse direction. Thus, if an edge other than 

the predicted edge is detected by the edge detection means, the 

current supplying state switching control means inverts an output 

of the holding means for switching the current supplying state 

to each. phase. This enables the motor to be run in rot at ion in 

correct direction at all times. 

The motor drivi~g apparatus according to t~e present 

invention is a so....;called sensor-less motor driving apparatus 

detecting the rotational position of the rotor based upon the 

back-electromotive force obtained for each phase of the motor and 

.switches the current supplying state responsive to the rotational 

position of the rotor. The comparator means compares each back­

elec~romotive force produced in each ~base 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 



.• 
21 

error signal. 

The minimum· pulse width detection means detects the minimum 

pulse width position of the pulse width modulated signal from the 

pulse width modulation means. The minimum pulse width position 
• 

specifies the period during which the· puls~ 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 modulated 

signal. The motor driving means runs the motor in rotation ba~ed 

upon the back-electromotive force of each phase which is this 

sample-held output. 

Thi.s achieves direct PWM driving in which the motor is 

driven directly by the PWM signal. 

The reversing signal outputting means outputs a reversing 

signal for applying reverse direction current supplying braking 

of flowing the current in the motor for generating the back-

electromotive force ba~ed upon the motor rotation error signal 

supplied from outside. If fed with 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 by the sampling means. The }1olding means holds and 

outputs one of the comparison outputs from the sampling means for 

a phase other than the pha~e 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 brakes the mote~ based 

upon aach sample-held output of the holding means. 

This enables counter di re ct ion. current supplying braking in 

direct PWM driving. 

The maximum pulse .width detection means of the motor driving 

apparatus according· to the present invention detects the maximum 

pulse width position of the pulse width modulated signal from.the 

pulse .w.idth modulation means and samples the comparison outputs 

of the comparator means at the detection timing of the maximum 

pulse width. The motor driving means 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 9f the pul~e·width modulated signal by the maximum pulse 

width detection means. If the maximum pulse width of the pulse 

width modulated signal is detected, the motor is braked by the 

counter direction current supplying braking. 

Thus the short braking may be switched· to the counter 

direction current supplying braking or vice versa according to 

requirements. 

The motor driving apparatus according to the present 

invention is a sensor-less ~otor driving apparatus detecting the 

rotational ~osition of the rotor based upon the back-

electromotive force obtained fo.r 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 transistors of each phase for rotationally driving the 

motor. The - switching ti~ing .detection mans detects the 

rotational direction switching· timing. 

During the time of switching the ·rotational direction, the 

upper layer transistor is contro~led to be tu~ned off, while the 

lower layer transistor is controlled to be turried on. Since the 

transistor has characteristics of rising sharply and decaying 

gr~dually over a certain time when tu~n~d on and off, 

respect-ively, the turn-off period of the upper layer transistor 

is partially overl~pped with the turn-on period ·of the lower 

la~er transistor, so that a through-cur~ent is produced. Thus 

the control means turns the upper and lower layer transistors of 

the.respective phases simultaneously for a pres-set time at the 

rotational direction switching timing as detected by the 

switching timing detection means. The time period during which 

the two transistors are· compulsorily turn-ed off, ·corresponding 

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 the current supplying states to.the 

respective phases after complete switching ·of the on-off contra 1 

states of the two transistors to prevent the through-current. 

For realizing di re ct PWM driving of di re ct ly 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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back-electromotive force induced in each phase of the motor to 

the common voltage which is the neutrai point voltage of the 

motor. The pulse width modulation means forms and outputs a 

pulse width modulated signal for rotatibnally driving the motor 

based upon the motor rotation error signal. The minimum pulse 

width detection means.detects the minimum pulse width position 

of the pulse width modulation signal from the pulse width 

modulation means. The position of the minimum pul~e width 
. 

specifies the period during which the PWM signal is turned on. 

The sample-and-hold means sample-holds each comparison output of 

the comparator me.ans at the detection timing of the minimum pulse 

width of the PWM signal. 

With direct PWM driving. each comparison.· output of the 

comparator means is varied with the PWM signal thus making it 

impossible to detect the back-electromotive force. If, however, 

each comparison output is sample-held du.ring the period when the 

PWM signal 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 invention detects the maximum pulse 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 transistors simultaneously at 

the maximum pulse width timing for thereby prohibiting the 

through~current as described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig .1 is a .block diagram showing a conventional motor 

driving apparatus. 

Fig.2 is a circuit diagram of a filter circuit and a 

comparator provided in the conventional motor driving ~pparatus. 

Fig.3 is a time chart for illustrating the operation during 

normal rotation of the. conventional motor driving apparatus. 

Fig.4 is a circuit diagram of a voltage conversion circuit 

provided in the conventional motor driving app~ratu•. 

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

conventional motor driving apparatus. 

Fig.6 is a time chart for illustrating the reason the direct 

PWM driving cannot be achieved with the conventional motor 

driving apparatus. 

Fig.7 is a block diagram showing an embodiment of the motor 

driving apparatus according to the present invention. 

Fig.8 is a time chart for illustrating tne operation during 

normal rotation of the motor driving apparatus shown in Fig.7. 

F-ig.9 is a circuit diagram for comparing the common voltage 

and the .back-electromotive force in each.phas·e coil prov.ided in 

the motor dr~ving apparatus shown in Fig.7. 
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Fig.10 is a circuit diagram showing a full-wave re~tifier 

circuit provided in the ~otor driving apparatus shown in Fig.7. 

Fig.11 is a block ·diagram of a logic unit ~rovi~ed 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 showing an edge detector 

provided in the logic unit. 

Fi.g.14 is a circuit diagram showing a time delay unit 

provided in the logic unit. 

Fig.15 is a circuit diagram showing a starter unit provided 

in the logic unit. 

Fig.16 is a circuit diagram showing a decoding unit provided 

in the logic unit. 

Fig.17 is a circuit diagram showing a timing controller 

provided in the logic unit. 

Fig.18 is a circuit diagram showing a PLL circuit provided 

in the logic unit. 

Fig .19 is a circuit diagram showing a timing controller 

provided in the logic unit. 

Fig.20 is a timing chart for illustrating the detection 

timing for detecti11g the back-electromotive force during PWM 

control of the motor driving apparatus shown in Fig.7. 

Fig.21 is a timing chart for illustrating the operation of 

prohibiting the through-current_ of the motor dri~ing apparatus 
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shown in Fig.7. 

Fig.22 is a timing chart for illustrating the switching 

operation of switching between the short braking system and the 

current condu~tion braking system in the motor driving apparatus 

shown in Fig.7. 

Fig.23 is a timing chart for~ illustrating an output 

controller provide in the logic unit shown 'n Fig.11. 

Fig~24 is a circuit diagram of a driving unit provided in 

the motor driving apparatus shown in Fig.7. 

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

during normal rotation of the motor driving apparatus shown in 

Fig.7. 

Fig.26 is a circuit diagram for illustrating the switching 

operation of switching from the usual rotation to the counter 

current applying braking system of the motor driving apparatus 

shown in Fig.7. 

Fig.27 is a timing chart for illustrating the operation 

during counter direction current supplying braking application 

of the motor driving apparatus 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 showri in ii~.7. 

Fig.28 is a timing chart for illustrating the current path 

during counter direction current supplying braking arid current. 

path during short braking of the motor driving apparatus shown 
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in Fig.7. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to the drawings, preferred embodiments of a motor 

driving apparatus according to· the present invention will be 

explained in detail. 

The motor driving apparatus embodying t~ present invention 

is a so-called sensor~less motor driving apparatus, and includes 

a comparator 2 for comparing back-electromotive voltages Uin, Vin 

and Win generated in a U-phase coil lU, a V-phase coil lV and in 

a W-phase coil lW, respectively, to a reference common voltage 

COM, generated at a neutral point of a three-phase motor 1, and 

a full-wave rectifier 3 for full-wave rectification of a 

rotational servo signal (V contra 1) of the three-phase motor l 

for outpµtting a rectified signal as a reference signal Vrec, and 

for outputting a reversing signal for applying a rotational 

braking to the three-phase motor 1, when a minus.sign rotational 

servo signal is supplied thereto, for applying a rotational 

braking to the three-phase motor 1, as shown in Fig.T. 

The motor driving apparatus includes a logic unit 9 for 

generating and outputting control sign~ls Uu, Ui, Vu, Vi, Wu and 

Wi for driving the driver 10 and for driving the PWM circuit 7, 

based upon the pulse width modulated signal from the PWM circ.ui t 

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 arid for supplying.the resulting 

voltage to the compar8:tor 4 via an integration circuit consisting· 

of the resistor 5 and th~ capacitor 6. 

The operation of the above-described motor driving apparatus 

of the inst.ant embodiment is as fol lows: If the current is 

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

coil lV of the three-phase motor 1, the U-phase coil lU ·and the 

V-phase coil lV operate for generating the torque and thus act 

as a motor. However, the remaining W-phase col 1w· operates as 

a generator for generating a back-electromotive voltage. The 

motor driving apparatus of the instant embodiment is configured 

for detecting the rotatiortal position of the rotor based upon 

the back-electromotive voltages genera~ed in the phase coils lU, 

lV and lW for switching control of the current conducting state 

responsive to the results of detection for rotationally driving 

the three-phase motor 1. 

Specifically, the back-electromotive voltages Qin, Vin and 

Win, generated in the phase coils lU, lV and lW, 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 

commori voltage COM is fed as a reference voltage tb each of the 

comparators 2a to 2c. The back-electromotive voltages Uin, Vin 

and Win are supplied via resistors to the comparator 2a for U­

phase, comparator 2b fqr V-phase and to the comparator 2c for W­

phase, respectively. The comparators 2a to 2c compare the back­

electromotive voltages Uin, Vin and Win, with the common voltage 

COM as a reference, as shown in Fig.Sa, to generate comparison 

sign.als U, V and W, shown in Figs.Sb to Sd. These compar.ison 

signals are.routed to the logic unit 9. 

The kickback noise, shown in.Figs.Sb to Sd, is superimposed 

on the comparison signals U, V and W at the current conduction 

switching timing to the respective phase coils lU, lV and lW, 

respectively. 

The full-wave rectifier circuit 3 is configured as shown in 

F-ig.10 and has a first comparator 3a for comparing the rotational 

servo signal (V control). generated by the rotational servo 

system or a digital s_ignal processor. (DSP). based upon the 

rotating state of the three-phase motor 1, to the reference 

voltage from the refeience voltage g~nerating circuit 3b, and a 

second comparator 3b for comparing the comparison output of the 

first comparator 3a to the reference voltage, for ful 1-wave 

rectification of the rotational servo signal. The ful 1-wave 

rectified rotational servo signals are outputted as the reference 

voltage Vrec. 
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If the rpm of the three-phase motor 1 exceeds a p.re-set · 

value, the rotational servo signal: is the minus input for 

lowering the rpm. Thus the full-wave rectifier circuit 3 

compares the reference voltage to the rotatjonal ~ervo signal in 

the third compararor 3d. If supplied with the minus-input 

rotational serv signal, the full-wave rectifier circuit 3 forms 

a reversing signal (Reverse) for applying a ~otational braking 

to the three-phase motor 1 and transmits the reversing signal 

(Reverse) to the logic unit 9 as iater explained. 

The current d~tection resistor 11 (Risens) detects the 

current, supplied to the respectiye phase coils lU, lV and lW, 

in the form of a voltage. This detection signal (Current Sense) 

is i~tegrated by the integration circuit consisting of the 

resistor 5 and. the capacitor 6 ·so as to be supplied to the 

comparator 4. 

The compara~or 4 compares the reference signal Vrec from the 

full-wave rectifier circuit 3 to the integrated detection signal 

(Current Sense) detected by the current detection resistor 11 and 

routes the comparison output Verr to the pulse with modulation 

(PWM) circuit 7. 

The PWM circuit 1 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 curr.ent driv'ing by pulse width modulation is being 

carried out· .. 
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The logic unit 9 is configured as sh6wn in Fig.11, in which 

the comparison signals u. v and w. having the kickback noise from 

·the comparator 2 super imposed 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.Se. The 

Exor signal, thus generated, is supplied tp a masking circuit 21. 

Since the kickback noise is super'imposed 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 specifies the zero-crossing point~ of the common 

voltage COM and the back-electromotive voltages Uin, Vin and Win 

as shown in Fig.Sa. 

The masking circuit 21, shown in Fig.12, has a first AND 

gate 21a ·fed with the Exor signal having the kic.kback noise 

·superimposed thereon and a first mask signal Mask! .from the 

inverter 21, and an OR gate 21d fed with an output of· the. first 

AND gate 21a and a second AND gate 21b. The masking circuit 21 

also has the second AND gate 21b fed with the first mask signal 

and an . output of ·an OR gate 2 ld and a D-f 1 ipf lop 2 le for 

synchronizing an output of the OR gate 2.ld. 

The :first mask signal is formed at the current supply 

switching timing by a time deiay circuit 23 as later explained, 

and has a pulse width of, for example, two internal cloaks from 

a timing controller 27, as later explained, as shown in Fig;8j. 



33 
The D-flipflop 21e synchronizes outputs of the OR gate 21d with 

respect to the inter~al clbcks. 

Specifically, the masking circuit 21 holds the previous 

state 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.Sf.· This masked 

Exor signal is fed to an edge detector 22 shown in Fig.11. 

The pulse width of the first mask signal is equal to the 

pulse width corresponding to two internal clocks. The reason is 

that the kickback noise in this case is generated with a pulse 

width not larger than the two clock pulses. The pulse width of 

the first mask signal differs with the motor whose 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 rotation is to be controlled. 

The edge detector (synchronous differentiating circuit) 22 

includes a first D-flipflop 22a for synchronizing the masked Exor 

signals with respect to the. internal clocks and a second D­

flipflop 22b for re-synchronizing the masked Exor signals, 

synchronized by the f~rst D-flipflop 22a, 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 masked Exor signal from the first D­

f lipflop 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 226 inverted iri 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 

polarity by the inverter 22c, the second mask signal and the 

masked Exor signal from the second D-f 1 ipflop 22b. The edge 

detector 22 has also a first OR gate 22h for taking the logical 

sum of logical outputs of the first and second AND gates 22f, 

22g. 

The edge detector 22 has a third AND ~ate 22i for taking a 

logical product of the masked Exor signal from the fir~t D-

flipflop 22a, the second mask signal and the mask Exor signal 

from second D-f 1 ipf lop 22c, inverted in polarity by an inver·ter 

22d as later explained, and a fourth AND gate 22j for taking the 

logical product of the masked Exor signal ·from the first D-

f 1 ipf lop 22a, inverted in polarity by the inverter 22e, the 

second mask signal inverted in polarity by the inverter 22d,· and 

the masked Exor signal from the second D-flipflop 22b. Th~ edge 

detector 22 also has a second AND gate 22k for taking th.e logical 

outputs of the first AND gates 22i and 22j. 

The second ma~k signal is formed by prediction by the 

decoding unit 29, as later explaitied, based upon the current 

conducting state in the phase coils lU, lV and lW of the three-

ph•se motor 1.·In further detail, the three-phase motor 1 is 

rotationally driven by six current conducting patterns, that is 
.· 

• 
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a first current conduction pattern, consisting in a combination 

of high. (H), low (L) and high (H), a second current conduction 

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

current conduction pattern, consisting in a combination of H, H 

arid L, a fourth current conduction pattern, consisting in a 

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

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

conduction pattern, cons~sting in a combination of L, L and H, 

of back-electromotive voltage~ Ures, Vres and Wres shown in 

Figs.Bk to Bm. The combinations of H, H, H and L, L, L are not 

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

current conduction pattern by decqding the prevailing current 

conduction of the back-electromotive voltages Ures, Vres and 

Wres. The prediction output is the above-mentioned second mask 

signal. 

The back-electromotive voltages Ures, Vres and Wres are 

inverted in polarity during rotation in the usual direction and 

during rotation in the reverse direction. Thus the sequence of 

the current conduction patterns is reversed during rotation in 

the usual direction and dur~ng rotation in the reverse direction. 

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

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

the rotation in the rever~e 4irection, respectively, and outputs 

the so-selected output. 

Thus the masked Exor signal is supplied to the first 
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flipflop 22a. Thus the first D-flipflop 22a counting the 

internal clocks by one transmits the ~asked Ex~r signal to the 

first and third D-flipflops,22f, 22i. ·Th& first D-flipflop 22a 

also transmits the masked Exor signal via the inverter 22e to the 

second and fourth AND gates 22g, 22j. The second D-flipflop 22b 

counting the internal clocks by one transmits the ·masked Exor 

$ignal via the inverter 22c to the first and thi~d D-flipflops 

22f~ 22i, while transmitting the same signal to the s~cond and 

four th 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 shown i~ Fig.Bg, is formed by the second mask signal at the 

third and fourth AND gates 22i, 22j at the rising timing and at 

the decay timing of the masked Exor signal. This SD Exor signal 

is supplied via the second OR gate 22k to the mask circuit 21, 

while being also supplied to a time delay circuit 23, a starting 

unit 24 and to ~phase locked loop (PLL) circuit 25. 

During rotation in the usual direction, an inverted signal 

(Invert) having a pulse· width corresponding to one internal clock 
. . 

is formed by the second mask signal at the ~irst and second AND 

gates 22f, 22g at the rising timing and at the decay timing of 

ihe masked Exor signal. This inverted signal Inve~t is.supplied 

via the first OR gate 22k t.o 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 is driven by being fed. with current over 120 degrees 

electric, as shown iri Fig.Ba. For driving such iron-core motor 

(three-phase motor 1), the current supply is preferably advanced 

in phase ·to a slight extent for correcting the del"ay in the 

driving current due t6 coil inductance. Thus the time·delay unit 

23 · delays 

electric. 

the signal SD Exor by, for example, 

The period of the signal SD Exor is 

30 degrees· 

60 degrees 

electric, such that, if the internal clock has a frequency eight 

times as large as the signal SD Exor, the period of the internal. 

clock is 60 + B pulses = 7. 7 degrees .. Thus, for. de_laying 30 

degrees electric, it suffices to count four internal clocks. 

Specifically, the time delay unit 23 is configured as shown 

for example in Fig.14, 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 inverter 

23g·. Thus the first AND gate 23h forms a signal Delay T of one 

pulse width,· at a timing of co~nting the signals SD Exor by four 

internal clocks, as shown in Fig.Bi. Since the internal clock 

has a period of 7.5 degrees, the signal Delay T, which is the 

signal SD Exor delayed by 30 degrees electric, may ~e formed by 

counting four internal clocks (Fig. Ba) . This signal De lay T, 

which becomes high at the current supply switching timing to the 



--------· -·---··· 

·;, 

38 
phase coils U, V and W, is supplied to the three-phase logic unit 

28. The signal Delay T is used ~n the three-phase logic unit 28 

as a sampling pulse for the back-electromotive voltages Uin, Vin 

and Win, as will be explained subsequently. 

The second AND gate 23j is fed with an output of the fourth 

shift register 23d and an output of the sixth shift register 23f 

inverted by the inverter 23 i. Thus the second AND gate 23j forms 

and outputs the first mask signal having the pulse width 

corresponding to the two internal clocks, as shown in Fig.Sj. If 

the ·pulse width of the first mask signal is increased 

excessively, masking proceed~ to ·the zero-crossing point of the 

back-electromotive voltage thus affecting 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 eleciric. 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 6utput of the sixth shift 

regist~r 23f goes high at·the same.time as the first mask signal 

goes low. The .high-level si~nal is fed to the starting unit 24 

as a trigger signal (signal Flug) for actuating the starter 24 

now explained. 

Referring to Fig.15, the star~ing unit 24 includes first to 

fifth counters 24a to 24e reset by the signal SD Exor for 

counting the 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 secon~ AND gate 24g 

for taking the logical product of outputs of the first to third 

counters 24a to 24c for supplying the resulting ·signal to the 

fourth counter 24d. The starting unit 24 also include~ a third 

AND gate 24h for taking the logical· product of outputs of the 

iirst to fifth counters 24a to 24e for outputting ~he resulting 

signal, and a D~flipflop 24j for synchronizing an output of the 

fourth AND gate 24i based upon internal clocks and outputting the 

resulting signal as a signal Step for switching the current 

supplying patterns. 

The signal Flug is supplied periodically to the starting 

unit 24 for each complete revolution of the th~ee-phase motor 1~ 

If, however, the current is supplied to an inappropriate phase 

coil, or the motor is at a standstill, the signal Flug ceases to 

be supplied to the starting unit 24·. In such state~ the current 

continues to be supplied to the same phase :oil so that the motor 

cannot be started, while there is a risk of the phase coil being 

destroyed by being continuously fed with current. Thus the 

starting unit 24 is started at a timing when the high-level Flug 

signal is supplied, that is directly.after.the current supplying 

state is switched after sampling the back-electromotive voltage, 

and counts 32, for example, of the internal clocks. If the 

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

the three-phase motor 1 is deemed to be at a standstill, and a 
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signal Step for switching to the nex£ 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-electromotive voltage is detected and 

the counters 24a to 24e are reset by the signal SD Exor. 
. . 

The count number of the internal clocks, he.re in 32 counts, 

are set in dependence u·pon the torque constant of the three-phase 

motor 1 or the inertia operating as load. The count number may, 

ho.wever, be set to any arbitrary value other than the above-given 

value. 

The three-phase logic unit 28 samples the 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, and 

includes a Uu signal forming unit 35 for forming a first control 

signal Uu for on/~ff control of an upper layer transistor for the 

.U-phase coil, a Ui signal forming uni~ 36 for forming a sec6nd 

control signal Ui for on/off control of a low.er 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 layer 

transistor for the V-phase coil, a Vi signal forming unit 38 for 

forming a fourth control signal 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. for the W-phase coil, -and a Wi signal 

forming unit 40 for forming a sixth control sig~al Wi for on/off 

control of a lower layer. transistor for the W-phase coil. The 

respective transistors are provided in the driver 10 shown in 

Fig.7. The decoding unit 29 includes first to third OR gates 29a 

to 29c for forming first to third OR gates 29a to 29c for forming 

third mask signals Mask2-U, Mask3-V and Mask3-W for the U-, V-

and W phases, respectively, which become high level signal for 

a pre-set period at a timing of appearance of changes in th~ 

back-electromotive voltages for the ~espective phases U, V and 

• 
W, respectively, and first to third inverters 29d to 29f ·for 

inverting the back-electromotive voltages Ures, Vres and Wres 

from the three-phase logic unit 28 and outputtin~ the inverted 

signals. 

The Uu signal forming unit 35 has an AND gate 35a, su_ppl ied 
. I 

with the back-electromotive voltage Ures, th~ back-electromotive 

voltage Vres, inverted by the second invert~r 29e, and the back-

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

an AND gate 35b, supplied with the back-electromotive voltage 

Ures, the back-electromotive voltage Vres. inv'erted by the second 

inverter 29e, and the back-electromotive.voftage Wres, and an OR 

gate 35c for outputting the logical sum-of outputs of the AND 

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

The Ui signal forming unit 36 has an AND gate 36a, supplied 
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with the back-electromotive voltage Ures, inverted by the first 

i'nverter 29d, the back-electromotive voltage Vres, and the back-

electromotive voltage Wres, invert~d by the third inverter 29f, 

an AND gate 36b, supplied with the back-electromotive volt_age 

Ures, inverted by the first inverter 29d, the back~electfomotive 

voltage Vres and the back-electromotive voltage Wres, and an OR 

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

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

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

with the back-electromotive voltage Ures from the first inverter· 

29a, the back-electromotive voltage Vres and the back-
. 

electromotive voltage Wres, inverted by the third inverter 29f, 
I 

an AND gate 37b, supplied with the back-electromotive voltage 

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

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

and an OR gate 37c for ou~put~ing the logical s~m 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-electromotive voltage Vres, inverted by 

the seconcj. inverter 29e, and the back-electromotive voltage Wres, 

an AND gate 38b, su.pplied with the back-electromotive voltage 

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

inverter 29e, and the back-electromotive voltage Wres, and an OR. 

gate 38c for outputting the logical sum of outputs· of. the AND 
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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 firs~ 

inverter 29d, ihe back-electromotive ~oltage 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 first inverter 2Sd, the back-electromotive 

voltage Vres, and the back-electromotive voltage Wres, a~d an OR 

gate 39c for outputting the logical sum of outputs· of the AND 

gates 39a and 39b as the fifth control signal Wu. 

The Wi signal forming uni~ 40 has an AND gate 40a, supplied 

with the back-electromotive voltage Ure~. the back-electromotive 

voltage Vres, inverted by the second inverter 29e, and the back­

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

an AND gate 40b, supplied with the back-electromotive voltage 

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

_ electromotive voltage Wres, inverted by the inverter 29f, and an 

OR gate 40c 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 gate 

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

gate 39a of the Wu ~ignal. 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 forming 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 35, takes a logical sum 

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

The abo·ve-described decoding unit 29 forms first to sixth 

. control signals Uu to Wi for on/off control of th·e upper and 

lower layer transistors of the respective phases, based upon the 

above-described first to sixth current supplying patterns of the 

back-electromotive voltages Ures, Vres a~d 'Wres. 

That is, if the back-electromotive voltages Ures, Vres and 

Wres supplied to th~ decoding unit 29 are of the first current 

supplying pattern (H, L, H) and the second current supplying 

pattern lH, L, L) shown in Figs.Bk to Bm, th' Uu signal forming 

unit 35 outputs the first control signal Uu, which is at high 

level during this time, as shown in ~ig.8r. 

Similarly, if the back-electromotive voltages Ures, Vres and 

Wres supplied to the decoding unit 29 are of the fourth current 

supplying. pattern (L, H, L) and the fifth current supplying 

pattern (L, H, H) shown in Figs.Bk to Sm, the Ui signal for~ing 

unit 36 outputs the second control signal Ui, which is at high 

level during this time, as shown in Fig.as. 

·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.Bk to Bm, the Vu signal forming 

unit 37 outputs the third control signal Vu, which is at high 

level during this time, as shown in Fig.St. If the back-

electromotive voltages Ures, Vre·s 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) shown in 

Figs.Bk to Bm, the Vi signal forming unit 38 outputs the fourth 

control signal Vi, which .is at high level during this time, as 

shown in Fig.Bu. 

If the back-electromotive. voltages Ures, Vres and Wres 

supplied to the decoding unit 29 are of the· fifth current 

supplying pattern (L, H, H) and the sixtl) current supplying 

pattern (L, L, H) shown in Figs.Bk to Bm, tha Wu signal forming 

unit 39 outputs the fifth ·control signal Wu, which is at high 

level during th,is time, as shown in Fig.av. If the back-

electromotive voltages Ures, Vres and Wres supplied to the· 

decoding unit 29 are of ·the second current supplying pattern (H, 

L, L) and the third current supplyi~g pattern (H, H, L) shown in 

Figs.Bk to Bm, the Wi sign~! forming unit 40 outputs the sixth 

control signal Vi, which is at high level during this time, as 

shown in Fi~.Bw~ 

The control signals Uu to Wi, thus formed, are ~upplied to 
. . 

an outpnt.controller 30, 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 change timing of the back-electromotive voltage Ures as 

shown in Fig.Bo. This third mask signal is fed to the three­

phase logic unit 28 • 

. The second OR 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 39~ of the Wu signal forming unit 39 for form~ng 

a third mask signal Mask3-V which goes high for a· pre-set period 

at the change timing of the back-electromotive voltage Ures as 

shown in Fig.Sp. This third mask signal is fed to the three­

phase logic unit 2S. 

·The third OR gate 29c takes a logical sum of 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 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 uriit 2S. 

Thus the OR gates 29a to 29c predict which one of the edges 

of the back-electromotive voltages Ures, Vres and Wres is 

oncoming next based upon the current supplying patterns and send 

the predicted edge as the third mask slgnal .CMask3-U, Mask3-V or 

Mask3-W) to the phase logic unit 2S. 

Referring next to Fig .17,. the three-phase logic unit 28 has 

a U-samp~ ing ·circuit 45 for sampling the back-e lectroinot i v:e 
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voltage U among the back-electromotive voltages U, V and Was 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 logic 

circuit 28 also includes a register control circuit 46 for U for 

inverting the contents of the regist~r· 28i for U by an inversion 

signal Invert from the edge detector 22 on detect ion of the 

reverse rot at ion of . the three-phase motor 1 or stepping. the 

current supplying pattern for the register 28i for U as the next 

current supplying. pattern by the step signal Step from the 

starting unit 24 in case of failure of rotor rotation. 

The three-phase logic· unit 28 includes a V-sampling circuit 

47 for sampling the back-electromotive voltage V, ~na a register 

for V 28j for ho !ding the back-e lec_t romot i ve vo 1 tage V sampled 

by the V sampling circuit 47. The three-phase logic. unit 28 also 

includes a register control circuit for V 48 .. for inverting the 

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 28j for V as the next current supplying pattern by the 

step_signal Step in case of failure of rotor rotation. 

The three-phase logic unit 28 also incl~des a W-sampling 

circuit 49 for sampling the back-electromotive volta·ge W, and a 

register for W 28k for holding the back-electromotive voltage W 

sampled by the W sampling circuit :49. The three-phase logic unit 
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28 also includes a register control circuit for W 50 for 

inverting the contents of· the register for W 28k 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 28k for U ~s the next current supplying pattern by 

the step signal Step in case of failure of rotor rotation. 

The three-phase logic unit 28 also includes a first AND gate 

.28a for timing control of sampling by the U sampling circuit 45 

based upon the third mask signal (Mask3-U) from the decoding unit 

29 and the signal Delay T from the time delay ·unit 23, and a 

·second AND gate 28b for timing control of sampling by the V 

sampling circuit 47 based upon the third mask signal (Mask3-V) 

from the decoding unit 29 and the ·signal Delay T. The three-

phase logic unit 28 also includes a thirdAND gate 28c for timing 

control of sampling in the W sampling circuit 49 based upon the 

third mask signal (Mask3-W) from the decoding unit· 29 and the 

signal Delay T, and an OR gate 28g for controlling the stepping 

of the register control circuits 46, 48 and 50. 

The sampling circuit 45 includes an AND gate 45a, fed with 

the back-electromotive voltage U, an output or' the first AND gate 

28a and an invert~d output of the OR gat~ 28g from the inverter 

45c~ and an AND gate 4~d fed with an fnverted output of the first 

AND gate 28a from the invert~r 4~c. an output of the register for 

U 28i and an inverted output of the OR gate 28g from the inverter 

45e. 

• 
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The register control circuit for U 46 includes an inverted 

output of .t"he register for W 28k from the inverter 46c, an output 

of the OR gate 28g and the above signal Step, and an AND gate 46b 

fed with t"he output of the OR gate 28g and the inve_rted output 

of the register for U 28i from the inverter 46d . 

. The sampling circuit 47 includes an AND gate 47a, fed with 

the back-electromotive voltage V, an output of the second AND 

gate 28b and an inverted output of the OR gate 28g from the 

inverter 45c, and an AND g~te 47d fed with an invertid output of 

the second AND gate 28b from the inverter 45d, an output of th~ 

register for V 28j and an inverted output of the OR gate 28g from 

the inverter 47e. 

The regi~ter control circuit for 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 gat"e 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 28j from the inverter 48d. 

The sampling circuit 49 includes an AND gate 49a, fed with 

the back-electromotive voltage' W, an output of the third AND gate 

28c and an inverted output of t"he OR gate. 28g from the inverter 

49c, and an AND gate 49d fed with the inverted output of the 

thirdAND 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 49e. 
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The .register control circuit f~r W 50 includes an AND gate 

50a fed with inverted output of the register for V 28j from the 

inverter 50c, an output of the OR gate 28g and the above signal 

Step. ~nd an.AND gate 50b fed with the signal Invert, output of 

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

from. the invet~er 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 circuit 45 and outputs of t~e AND gates 46a 

and.46b of the register control circuit for U 46 for supplying 

the resulting signal to the register for U 28i, and a second OR 

gate 28e for taking the logical sum of ou·tputs of the AND gates 

47a,, 47b of the V sampling circuit 47 and outputs of the AND 

gates 48a. 48b of the register control circuit for V 48 for 

supply~ng the resulting signal to the register for V 28j. The 

three-phase logic unit 28 also includes a third OR gate 28f for 

taking the logical sum of outputs of the AND gates 49a. 49b of 

the W sampling circuit 49 and outputs of the AND gates 50a •. 50b 

of the register control circuit for W 50 for supplyin·g the 

resulting signal to the register for W 28k. 

The above-described three-phase logic 'unit 28 samples, by 

the sampling circuit 49, the back-electromotive voltages u. V and 

Wat a· timing of coincidence.of the signal Delay T delayed by 30 

degrees electric, as shown in Fig. Bi, and the third masking 

signals (Mask3-U, Mask3-V and Mask3-W) shown in Fig.Bo to 3q, and 
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transmits the resulting sampled signals to the registers 28i to 

:tak via OR gates 28d to 28f. This enables only the back­

electromotive voltage of the phase coil- which has undergone 

changes. 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. 

Vres and Wres, that is the sampled outputs of the ·back­

electromotive .. voltages U, V and W held thereby as shown in 

Fig~.8k and 8m, unless the ·signal Invert or the signal St~p as 

later explained is supplied. 

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 

·of the back-elect·romotive voltage is small as at t~e time of 

motor start-up or during low speed rotation, an incorrect phase 

coil is fed with current such that the motor cannot be started 

rir the rpm of the motor is decreased to halt the motor rotation. 

With the present motor driving apparatus, the back-electromotive 

voltages U. V and W are captured by the signal 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 inappropria~e phase coil is fed with current 

or the motor ~otation ceases, the signal Flug is not supplied to 

the starting un.i t 24 as described above, 32 of the internal 
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clocks are counted by the counters 24a to 24e of the starting 

unit 24 so that the signal Step for stepping to the next current 

supplying patterti is issued.· 

When fed with the signal Step, the three-phase logic unit 

28 has . the register control circuits 46, 48 and 50 set to the 

operating state so that an inverted signal from the register for 

W 28k is supplied from the regist~r control circuit for U 46 via 

the inverter 46c to the register for U 28i so that an inverted 

output of the register for U 28i is supplied from the register 

control circuit for V 48 to the register for V 28j, while an 

inverted output of the register 28j from the inverter 50c is 

supplied from the register control circuit for W 50 to the 

register: for W 28k. 

Thus the output of each of the registers 20i 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 started 

-
and the ~ignal Step ceases to be supplied. This enables motor 

rotation to be started reliably on start-up for improving 

starting characteristics. 

If the rotation in a rotational direction reversed from the 

usual rotational direction is detected by the edge detector 22, 

• the signal Invert i~ issued. When fed with the signal Invert, the 

three-phase logic unit 28 has the register control circuits 46, 

48 and 50 set to the operating state so that an 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 28j is supplied via the inverier·48d to the register 28j 

and an inverted output of the register W 28k is sent via the 

inverte~ 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 inverted state. Heretofore, a 

comparison output of the detected back-electromotive voltages and 

the common voltage COM is simply outputted on inversion so that 

correct current supply timing:cannot be achieved reliably. With 

the present· _motor driving apparatus, the respective ·back­

electromotive 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-electromotive voltages can be 

sampled at correct timings and held by the registers 28i to .28k 

during rotation in the rever~e direction. Since the contents bf 

the registers 28i to 28k may be inverted in polarity and 

outputted as inverted signals during the rotation in the reverse 

directfon based upon the signal Invert, the back-electromotive 

voltages Ures, Vres and Wres detected at correct timings during 

rotation in the reverse direction may be outputted so that the 

three-phase motor 1 can be controlled at the correct current 

supply timing during the reverse rotation. 

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

by the three-phase logic unit 28, are supplied to the decoding 
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unit 29 where ~hey are separated into the first to sixth control 

signals Uu to Wi for on-off -control of the upper and lower layer 

transistors of· the respective phases. The resulting control 

signals are routed to the output controller 30. 

Referring to Fig.11, the timing controller 27 forms various 

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 (CPµ) for on-off 

motor control, system clocks from the PLL circuit 25 (signal Pull 

Out), main clocks of, for example, 500 kHz, from an oscillator 

· 26 (Main Clock) and the PWM signal from the PWM circuit 7 (.PWM 

in). 

The PLL circuit 25 is configured as shown for example in 

Fig.18, 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 oscillator (VCO) 57 and divided in frequency by a 

divide-by-N counter 58 into a frequency which is one-eighth or 

one-sixteenth of the system· clock frequency. The phase 

comparison output is fed via ~ low-pass filter 56 to the VCO 57 

for driving the VCO into oscillation. This generates the signal 

Pull Out synchronized with the signal SD Exor which is supplied 

to the timing controller 27. 

Referring to Fig.19 the timing controller includes a first 

counter 61a for counting two main clocks of· the oscillator 26, 
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and a second counter 61b for counting two count outputs Ql from 

the first counter 61a~ The timing controller also includes an 

AND gate 62a for taking a logical product of a count output Ql 

of the first counter 61a and a count output Q2 of the second 

counter 6lb, and a third counter 61c for counting two outputs of 

the AND gate 62. The timing controller also includes an AND gate 

62b for taking a logical product of the count outputs Ql, Q2 and· 

a count output Q3 of the third counter 61c and a fourth counter 

61d for counting two outputs o~ the AND gate 62b for outputting 

a count output .Q4. The counters 61a to 61d make up a base-16 

counter such that the ultimate counter output Q4 has a frequency 

which is one-sixteenth of the main clock freqµency. 

The timing controller 27 has an AND gate 64a for taking a 

logical product of the count output Ql, the count output Q2 

inverted by an inverter 63a, and the count outputs Q3 and Q4, an 

AND gate 64b for taking a logical output of the count output Ql 

inverted by the inverter 63b and the count outputs Q2 to Q4 and 

an· AND gate 64c f.or taking a logi_cal product of the count outputs 

Ql to Q4. 

The.timing controller 27 includes an AND gate 65a for taking 

a logical product of the ~WM signal (PWM in) from the PWM circuit 

7 and an output of the AND gate ~4b and an AND gate 65b for 

taking a logical .product of the output of the AND g_ate 64b 

inverted by the inverter 65c and the output of a D-flipflop 66. 

The timing controller 27 ~lso includes an OR gate 65d for taking 
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a logical sum of the AND gates 65a and 65b and a D-f lipflop 66 

for synchronizing· outputs of the OR gate 65 to the m·ain clocks. 

The timing controller 27 also includes an OR gate 68 for taking 

a logical sum of an output of the D-flipflop 66 and the signal 

Rev for current supply in the reverse direction, formed in the 

D-f lipf lop 74 based upon the reversing signal Rev from the full­

wave· rectifying circuit 3 for forming and outputting a braking 

switching signal (PWM inv.ersion Short/Rev) for switching b~tween 

short braking and reverse current supplying baking as later 

explained. 

The timing controller 27 includes an AND gate 69a for taking 

a logical product of the motor on-off control signal (~ ON/OFF) 

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

talking a logical product of the output of the AND gate 64c 

inverted by the inverter 69c and th~ output of the D-flipflop 70. 

The timing controller 27 also iricludes 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 clocks. 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 inverted out~ut of an inverter 72f for f~rming and 

outputting an output open signal for preventing through-current 

as later explained. 

The timing controller 27 ~!so.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 logical product of the 

reversing signal Rev from the D-flipflop 74 and an output of the 

D-flipflop 75 inverted 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 and 72b ~nd an inverter 72f for 

inverting an output of the.OR gate 72e for supplying the inverted 

outp~t to th~ .AND gate.·11~ 

The timing controller 27 also has an AND gate 73a for taking 

a logical product of the reversing signal supplied from the ful 1-

wave rectifying circuit 3 and an output of the AND gate 73a, and 

· an AND gate 73b .for taking a logical product of the output of the 

A_ND gate 64a inverted by the inverter 73c. and the reversing 

signal Rev. The timing controller 27 also has an. OR gate 73d for 

taking the logical product of outputs of the AND gates 73a and 

73b and a D-f lipf lop 74 .for synchronizing outputs of the OR gate 

73d to the main clocks for generating the reversing signal Rev, 

and a D-f lipflop 75 for synchronizing the signal Rev from the D­

flipflop 74 to the main clocks. 

The timing co~troller 27 also has a D-flipflop 76 for 

synchroniziQg outputs of the AND gate 64b to the main clocks for 

forming a signal Saw Wave L and an inverter 77 for inverting the 

signal Saw Wave L from the D-f lipf lop 76 for forming and 

outputting a signal Saw Wave H. These signals.Saw Wave Land Saw 

Wave Hare 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 from the PLL circuit 25 

and an output uf the AND g•te 64, and an AND gate 78b for taking 

a logical product of the output of the AND gate 64c inverted by 

the inverter 78c and an output of the D-fiipflop 79. The timing 

controller 27 also has an OR gate 78d for taking the logical sum 

of outputs of the AND gates 78a, 78b and a D-flipflop 79 for 

synchronizing outputs of the OR.gate 78d to the main clock. 

In addition, the timing controller 27 has a D-flipf lop 80 

for synchronizing outputs of the D-flipflop 79·with respect to 

main clocks, and an AND gate Sla for taking a logical product of 

an output of the D-f lipflop 79 and an output of the D-flipflop 

BO inverted by the inverter Blb for formin~ and outputting a 

signal PWM On for detecting the back-electromotive force. The 

timing controller 27 also has an inverter Blc for inverting the 

signal PWM On from the AND gate Bla for forming and outputting 

an internal clock. 

With the above~described arrangement of the timing 

controller 27, when main clocks shown in Fig.20a are supplied to 

the first counter 61a~ the counter 61a counts two of the main 

clocks to form the count output Ql wh~se frequency is one-half 

the frequency of the main clocks, as shown in Fig.Sb. The count 

Ql is fed to the second counter 61b, which then counts two of the 

outputs Ql to form the count output Q2 whose frequency is one 

fourth the frequency of the main clocks, as shown in Fig.Sc. The 
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count o~tput Q2 is fed via the AND gate 62a to the third counter 

6lc, which then counts two of the count outputs Q2 to form the 

count output Q3 whose frequency is on~ eighth the frequency of 

the main clocks shown in Fig.8d. The count output Q3 is supplied 

via the AND gate 62b to the fourth counter 6ld, which· then counts 

two of the count outputs Q3 to form the count output Q4 whose 

freq~ency is one sixteenth the frequency of the main clocks, as 

shown in Fig.Se. These count outputs Ql to Q4 are fed to the AND 

gate 64c. The count output Ql 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 counters 61a to 61d, the count outputs Ql to Q4 having 

diffeient frequencies synchronized with the m~in clocks may be 

produced, thus readily producing the desired timings synchronized 

with the main clocks. 

The AND gat~ 64b takes a logical product of the count output 

Ql, inverted by the inverter 63, and the count outputs Q3 and 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 outputting the signal Saw Wave·L at a 

timing when the output ~f the AND gate 64b goes low. The signal 

Saw Wave L is then routes to the inverter 77. The inverter 77 

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

a timing when the output of the AND gate 64b goes high. The 
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signals Saw Wave L and Saw Wave H are supplied as a signal Saw 

Wave Timing having a decay width of one main clock from the decay 

edge of the count output Q4 shown in Fig.20f to the PWM circuit 

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 Wave Timing, 

saw waves which become serrated between pulse widths of the 

signal Saw Wave Timing as shown in Fig.20g. The frequency of the 

· s_aw waves has a period equal to one 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 sends the results of comparison as a signal PWM In shown in 

Fig.20k to the output controller 30 shown in Fig.11 and to the 

AND gate 65a shown in Fig.11. The operation of comparison by the 

PWM circuit 7 indicates that the comparison output Verr is being 

modulated by PWM by the signal Saw Wave Timing. 

The AND gate 64c takes the logi~al product of the count 

outputs Ql to"Q4 to form and output a synchronous timing signal 

Synchronous Ti~ing which goes high each time 16 main clocks are 

counted, that is each time the count value becomes equal to 1, 

as shown in Fig.20h. 

The inverter 78c, AND gates 78a, 78b, D-flipflops 79, 80, 

inverter 81d and the AND gate 81a synchronize the signal Pull out 

supplied from the PLL circuit 25 by the syn.chronous timing signal 

as shown in Fig.20i. Thus the signal PWM On, which goes high for 
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one internal clock perio·d at a timing when· the pulse width of the 

' PWM In signal becomes minimum, that is at a timing when the main 

clock count value becomes equal to 1 as shown in Figs.20g and 

20k, is outputted via the AND gate 81a, as shown in Fig.201. This 

signal PWM On, specifying the PWM on period, is supplied to the 

output controller 30 as later explained, and is used for sample-

holding the back-electromotive voltage. 

The signal_ PWM On signal is also supplied to the inverter 

8lc 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 unit 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 (speeds) 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 supplied from, 

for example, the servo control systeµi, become minus inputs for 

lowering the rpm, the reversing signal Reverse shown in Fig.2li 

is outputted by the full-wave rectifying circuit 3·. This 

reversing signal, configured for applying rotational braking to 

the three-phase motor 1 by supplying the cur~ent in ~he opposite 

direction, is supplied to the AND gate 73a fed with the output 

of the AND gate 64a. 
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The AND gates 73a and 73b, inverter 73c, OR gate 73d and the 

D-flipflop 74 form the signal-Rev, which is a signal synchronized 

with the timing of counting 16 main clocks shown in Fig.2la; from 

the reversing signal, and sends the signal Rev to the output 

controller 30. This signal Rev is synchronized with the maximum 

amplitude point of the saw wave shown in Fig.21g. 

The signal Rev from the D-f lipflop 74 is fed to the D­

f lipflop 75, inverters 67 and 72c and to the AND gate 72b. The 

D-f li~flop 75 synchronizes the signal Rev with respect to the 

main clocks and transmits the synchronized signal Rev to the AND 

. gate 72b ~ia the AND gate 72~ 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.2lb to 21f 

and 21h, respectively. 

The signal Rev is a signal used for supplying the current 

in the reverse direction to the three-phaie motor 1 for on/off 

controlling the upper and lower layer transistors configured for 

supplying the source voltage to the phase coils lU, lV and lW. 

If the upper and lower l~yer transis~ors are on/off controlled 

by the signal Rev, the two transistors may be turned on 

simultaneously and remain in this state for a certain time period 

due to difference in the switching speeds of the transistors. At 

such time, the through-current flows through both transistors. 

The current value of the two transistors is detected as the 

current values supplied to the respective phase coils lU, lV and 
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lW so as to be used for forming the comparison output Verr ih the 

comp,arator 4. ·Thus, such throµgh-current obstructs correct 

rotational control of the three-phase motor 1. ·In such case, the 

timing controller 27 generates an output open signal Output Open 

for simultan~ously turning both transistots off for prohibiting 

generation of the through-current. 

That is, the AND gate~ 69a, 69b, inverter ~9c, OR gate 69d, 

D-f 1 ipf lop 70, AND gates 71, 72a, 72b, inverters 72c, 72d, OR 

gate 72e and the inverter 72f. synchronously differentiates the 

signal Rev with the main clocks, based upon the motor on/off 

control signa·l (MON/OFF) for motor on/off control supplied from 

the CPU and the signal Rev, for generating a signal Output Open 

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 

output controller 30. 

With the motor driving apparatus of the ins~ant embodiment, 

bi-polar transist'ors are used for the upper and lower layer 

transistors. Thus the pulse width of t-he signal Output Open is 

set to, for example, 2 µsec to 4 µsec, corresponding to two main 

clock pulses, in keeping with the bi-polar transistor 

characteristics. 

The timing controller 27 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-f 1 ipf lop 66. 
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inverter 67 for inverting the signal Rev, and the OR gate 68, for 

forming a signal PWM inverted Sho.rt/Rev for braking control of 

the three-phase motor 1 as shown Fig.22i, and outputs the signal 

to the output controller 30. If the signal PWM inverted Short/Rev 

is at the low level, short braking for· g•nerating counter-torque 

by utilizing the motor rotating current is applied, whereas, if 

the signal PWM inverted Short/Rev is at the high level, the 

reverse current supplying braking is applied for positively 

flowing· the· current from outside the motor for ·generating the 

counter-torque. 

Ref•rring to Fig.23, the output cdntroller 30 includes a Uu 

signal forming unit 8~, a Ui signal fbrming unit 86, a Vu signal 

forming unit 87, a Vi signal forming unit 88 .• a Wu signal forming 

unit 89 and a 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 timing 

controll~r 27 for outputting the inverted signal, an OR gate 30b 

for taking the logical sum of the signals PWM In and PWM On, an 

inverter 30c for inve~ting the signal Output Open and outputting 

the inverted signal, an OR gate 30d for taking the logical sum 

of the signal PWM On and the si·gnal PWM inverted Short/Rev and 

AND gates 91a, 91a, 92a, 92b, 93a and 93b provided in the output 

stages of the first to ·sixth control signals Uu to Wi, 

respectively. 
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The Uu signal forming unlt 85 includes an AND gate 85a for 

taking the logical product· of the first control signal Uu 

supplied from the decoding unit 29 and the jignal Rev supplied 

via the inverter 30a, an AND gate 85b for taking the logical 

product of the s~gnal Rev and the second control signal Ui 

supplied from the decoding unit 29 and an OR gate 85c for taking 

the logical sum of the outputs of the AND gates 85a, 85b. 

The Ui signal forming ·unit 86 includes an AND gate 86a for 

taking the logical product of the signal Rev and the first 

control signal Uu supplied from the decoding unit_29, an AND gate 

86b for taking the logical product of the second control .signal 

Ui supplied from the decoding unit 29 and the s ign_al Rev 

supplied from the inverter 30a and an OR gate 86c for taking the 

logical sum of outputs of the AND gates 86a and 86b. 

The Vu signal forming unit ·87 includes an AND gata 87a for 

taking the logical product of the third control signal Vu 

supplied from the decoding_unit 29 and the signal Rev supplied 

via the inverter 30a, an AND gate 87b for taking the logical 

product of the signal Rev and the fourth control signal Vi 

supplied from the deciding unit 29 and an OR gate 87c for taking 

the logical sum of the outputs of the AND gates 87a and 87b. 

The Vi signal forming unit 88 includes an AND gate 88a for 

taking the. logical product of the signal Rev and the third 

control signal Vu supplied from ihe decoding unit 29, an AND gate 

88b for taking the logical 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 88c for taking the 

logical sum of outputs of the AND gates 88a and 88b. 

The Wu signal .forming unit 89 includes an AND gate 89a for 

taking· the logical product of the fifth control signal Wu 

suppl-ied from the decoding unit 29 and the signal Rev sup~li~d 

via the inverter 30a, an AND gate 89b for taking the logical 

product of the. signal Rev and the $iXth control signal Wi 

supplied from the deciding unit 29 and an OR gate 89c 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 90a for 

taking the logical product of the signal Rev and the fifth 

cont~ol signal Wu supplied from the decoding unit 29, an AND gate 

90b for taking the logical product of. the sixth control signal 

Wi supplied from the decoding unit . 29 and the signal Rev 

supplied from the inverter 30a and an OR gate 90c for taking the 

logical sum of outputs of the AND gates 90a and 90b. 

The AND gate 91a takes the logical product of outputs of the 

OR gate 85c of the Uu signal forming unit 85 and the OR gates 

30b, 30d for outputting the first ·control signal ·uu, while the 

AND gate 9lb takes the logical sum of outputs of the OR gate 86c 

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 logica~ product of outputs 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 ga~~ 88c 

of the Vi signal forming unit 88 and the OR gates 30b, 30d for 

outputting the fourth control signal Vi. 

The AND gate 93a takes the logical product of outputs of the 

OR gate 89c of the Wu signal forming unit 89 and the OR gates 

30b, 30d for outputting the fifth controi signal Wu, while the 

AND gate 93b takes the logical sum of.outputs of the ·OR ga~e 90c 

of the Wi signal forming unit 90.and the OR gates 30b, 30d for 

outputting the sixth control signal Wi. 

The above-described output_ controller ~O modulates, in the 
, 

AND· gates 91a, 9lb, 92a, 92b, 93a and 93c, the first to sixth 

control signals Uu to Wi by PWM based upon the signal PWM In 

supplied ·from the PWM circuit 7, and outputs the modulated 

. signa·ls. The output controller 30 also modulates the signal PWM 

On for detecting the back-electromotive voltages in the phase 

coils lU, lV and lW, signal Output Open for prohibiting the 

through-current, signal PWM inverted Short/Rev for switching 

between the short braking and. the reverse direction ·current 

supplying braking for prohibiting the through-current and the 

signal Rev for applying the current in the reverse direction, and 

outputs the modulated signals. 

These first to sixth control signals Uu to Wi, as well as 

the signals PWM On, Output open,· PWM inverted Short/Rev and Rev, 

are sent to the driving circuit 10 ~hewn in Fig.7. 
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The driving unit 10 includes buffer amplifiers 94a to 94f 

for amplifying ~he 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 

resistors 95a to 95f provided downstream 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 96a· 

for first control signal Uu, whose base is connected to the 

resistor 95a, and a lower-layer transistor 96b for second cont·rol 

signal Ui, ·whose base is connected 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 

95c, and a lower-layer transistor 97b for the fourth control 

signal Vi, whose base is connected to the resistor 95d. The 

driving.unit 10 also includes an upper-layer transistor 98a for 

fifth control •ignal Wu, whose base is connected to the resistor 

95e, and a lower-layer transistor 98b for sixth control sigpal 

Wi, whose base i~ connected to the resistor 95f. 

The collectors of the upper layer transistors 96a, 97.a and 

98a are connected to the source voltage VCC, while the lower 

layer transistors 96b, 97b and 98b are connected to the current. 

detection resistor 11 for detecting the current supplied to the 

respective phase coils lU, lV and lW of the three-phase motor 1. 

The emitters of the upper layer transistors 96a, 97a and 98a are 

conne6ted to the. collectors of the lower layer transistors 96b, 



69 

97b and 98b. The driving voltage supplied to the phase coils lU, 

lV and lW of the three-phase motor l.is taken out at junction 

points of the emitters of the upper layer transistors 96a, 97a 

and 98a to the collectors of the lower layer-transistors 96b, 97b 

and 98b. 

If fed with the first to sixth control signals, the driving 

unit 10 is responsive thereto for on/off control of the upper 

layer transistors 96a, 97a and 98a and the lower layer 

transistors 96b, 97b and 98b. The source voltage Vee is taken 

out at the above-mentioned junction po in ts responsive to the 

on/off control of the upper layer 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 lU; lV and lW o~ the three-phase motor 1 shown in Fig.7. 

The driving currents supplied to the phase coil~ lU, ;v and 

lW are detected by the ~urrent detection resistor 11 in the form 

of voltages. The driving voltages, detected by the current 

detection resistor 11, are integrated by the integration circuit 

consisting of the resistor 5 and the capacitor 6 and thence 

supplied to the· comparator 4. The comparator 4 compares the 

integrated driving voltages to the reference value 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 Timing to the comparison output Verr to route the result 

of comparison as the PWM In signal (PWM carrier) to the logic 
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unit 9. This enables the first to sixth control signals to be 

formed in the logic ·unit 9 responsive to the PWM In signal for 

direct PWM driving of the tnree-phase motor 1, that is for 

directly rotationally driving the three-phase motor 1 by the PWM 

In sign~l. In addition, since the rotational position of the 

rotor may be detected based upon the back-electromotive voltage 

generated in the phase coi 1 s lU, 1 V and lW, for performing 

switching control of the current suppl~ing state to thi phase 

coils lU, V and lW, rotation control of the three-phase 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 emb6diment is explained in detail. During normal 

rotation, the back-electromotive voltages Uin, Vin and Win, shown·. 

in Fig.Sa, are compared in the comparator 2 to the common voltage 

COM, for forming comparison outputs U~ V and W shown in Figs.Sb 

to 5d. The .comparison outputs U, V and W are supplied to the 

logic unit 9. The logic unit takes the exclusive OR of the 

comparison outputs p, V and W to form an Exor s~gnal .as shown in 

Fig. Sf. Since the kickback noise is superimposed on the Exor 

signal at the timing of current 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 noise generating timing 

(current supply switch~ng timing), shown in Fig.8j, in order to 

form a signal Masked Exor shown in Fig.Sf. 
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then synchronously ' differentiates the 

signal Masked .Exor using the internal clocks shown in Fig.Sh in 

order to form the signal SD Exor shown in Fig.Bg. Using the SD 

Exor signal as a trigger, the logic unit 9 forms a signal Delay 

T, delay~d 30 degrees electric, as shown in Fig.Bi, and samples 

one of the ~omparison outputs U, V and W from.the compar.tor 2 

for forming signals Urea, Vres and Wres. These signals Ures, 

Vres and Wres are held by th• registers 28i, 28j and 28k. At 

this time, only the phase for which the back-electromotive 

voltage is to be captured is sample-held by a third mask signal, 

formed by ·decoding the signals Ures, Vres and Wres, as shown in 

Figs.~o to Fig.Sq. Thus the signals Ures, Vres and Wres, shown 

in Figs.Bk to Bm, are outputted from the registers 28i, 28j and 

28k. 

The decoding unit 29 then forms the driving voltages Uu, Ui, 

Vu, Vi, Wu and Wi, shown in Figs.Br to aw, from the signals Ures, 

Vres and Wres, for on/off control of the upper and lower layer 

transistors of the respective phase coils, and routes the driving 

voltages to the output controller 30. The output controller 30 

overlays the signal Rev, signal Output Open, signal PWM On and 

the signal PWM inverted Short/Rev on the driving voltages Uu, Ui, 

Vu, Vi, Wu and Wi, in order to supply the overlaid signals to the 

driving unit 10. The driving unit 10 runs the three-phase motor 

1 in rotation by 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 normal rotation is explained. 

From the phase criils lU, lV and lW of the three-phase motor .1, 

the back-electromotive voltages Uin, Vin and Wins, shown in 

Fig.25a, are generated. Of these, the back-electromotive voltage 

Win is shown enlarged in Fig.25b. On direct PWM driving, the 

back~electromo.tive voltage Win is interrupted by the signal Saw 

Wave Timing, serrated wave Saw Wave and by the signal PWM In (PWM 

Carrier) formed by the compariso.n qutput Verr ~rom the comparator 

4, shown in Figs.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 PWM In is on, as shown in Fig.25c, the back-

electromotive 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 t~ the minus 

level, while the common voltage COM falls to the ground level. 

Thus, -if the PWM In signal is off, the back-e_lectromotive voltage 

becomes non-detectable. Stated differently, if the signal PWM In 

is on, the back-electromotive force detectable. 

Thus the timing controller 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 intel:'nal clock is synchl:'onized with the on-domain 

of the .signal PWM In. Using the intel:'nal clocks, the compal:'ison 

outputs U, V and W shown in Fig.25g al:'e sampled." The sampled 

outputs are sample-held by the register for W 28k (as well as 

register for U 28i and register for W 28j) shown in Fig.11 and 

issued as outputs. 

In this manne~. even if the comparison output w··(as well as 

U and V) are interrupted by the signal PWM In, the non­

interrupted comparison output W (.output Wres of the register for 

W 28k) as shown in Fig.25i can be formed. This enables 

detection of th~ back-electromotive voltages Uin, Vin and Win 

even although PWM driving is being carried out, such that direct 

PWM driving becomes feasible even with the sensor-less motor 

driving apparatus such as the motor driving apparatus. This 

allows to omit the voltage conversion circuit for converting the 

signal PWM In into a voltage signal. In addition, self­

oscillation during start-up possibly inhibiting rotation may be 

eliminated for improving starting characteristics. 

Since the back-electromotive voltages Uin, Vin and Win are 

sampled based upon the signal Delay T, the. back-electromotive 

voltages Uin, Vin and Win can be sampled at positions delayed a 

pre-set time from the zero-crossing points of the back-· 

electromotive voltages Uin, Vin and Win and the common voltage 

COM. This allows for more positive capturing of the back­

electromotive voltage than if the back-electromotive voltage is 
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captured at the zero-crossing point, thus enabling smooth 

starting of the rotation: 

If the back-electromotive voltage cannot be detected by the 

above sampling, that is if the three-phase motor 1 cannot be 

rotated, the current supplyin~ pattern is stepped by one stage 

by the signal Step for positively starting the three-phase motor 

1. 

In addition. since the kickback noise is masked by the first 

masking signal for "forming the Exor signal. the zero-crossing 

point of the respective back-electromotive voltages and the 

common voltage COM can be detected positively and the. back­

electromotive voltage can be captured positively for prohibiting 

malfunction otherwise caused by the kickback noise. Since the 

kickback noise is eliminated by the above masking, ·the filter 

circuit for eliminating the kickback noise may be omitted. Since 

the voltage· conversion circuit and the filter circuit may be 

eliminated, the motor driving apparatus may: be produced at 

reduced costs through reducing the number of components and 

simplifying th~ structure. 

In addition. since the current supplying pattern which will 

be manifested next is predicted based upon the current.supplying 

pattern and, if the actually detected current supplying pattern 

is µat the predicted current supplying pattern, the contents of 

the registers 28i to 28k ~re inve~ted 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 direction. Thus 

·there is no risk of the motor being driven in the r.everse 

direction with respect to the prevailing rotating direction. 

Fig.26 shows signal timings on switching from usual 

rotational control to the counter direction current supplying 

braking. 

If the reversing signal is outputted by the full-wave 

rectifying circuit 3, the signal Rev shown in Fig.26b is formed, 

based upon the reversing signal as described above. The control 

is switched to the counter d1rectipn current supplying braking, 

such that the three-phase motor 1 is fed with current in the 

reverse direction and thereby braked. The operation of various 

portions during this reverse direction current supplying braking 

is not changed from that during the above-described usual 

rot at ion, as shown in Figs. 26c to 26x and 27a to 2-7w. The PWM 

operatfon during this reverse direction current supplying braking 

is not changed from that during the above-described usual 

rotation, as shown in Figs~28a to 28i. 

Thus, by sampling only the back-electromotive voltage of° the 

phase undergoing changes in th.e back-electromotive voltage, at 

the timing when the back-electromotive voltage is changed, and 

sample-holding the back-electromotive voltage by the registers 

28i to 28k, counter di~ection current supplying braking can be 

applied at ~he normal current supplying timing. 

The . switching between the short braking and the counter 

* 
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direction current ·supplying braking is caused to occur by 

sampling the signal PWM In ~hown. in Fig.22h at the timing of 1~ 

counts of tne main clocks shown in Fig.22~. that is at a timing 

when the pulse width of the pulse width modulation becomes 

maximum, If the signal PWM inverted Short/Rev .• a sampled output, 

shown in Fig.22i,· is at a low level and at a high level, the 

short· braking and the counter direc~ion current supplying braking 

are applied, respectively. 

The fol lowing description is ma4e with reference to the 

upper layer transistor 96a for Uu, lower layer transistor 96b for 

Ui, upper layer transistor 97a for Ui and the lower layer 

transistor 97b for Vi. Durin~ short braking, the current flowing 

out from the V-phase coil· lV flows through the lower-layer 

transistor for Vi 97b, current detec~ion resistor 11 and the 

diode Du before being returned to the U-phase coil lU, as 

indicated by a sol id line in Fig. 29. This results in short 

braking. 

During the.counter direction current supplying braking, the 

current from the so~rce voltage Vee via the upper layer 

transistor for Uu 96a flows through the U-phase coil lU, V-phase 

coi 1 lV, lower-layer transistor for Vi 97b and the current 

detection resistor 11, before being returned to the source 

voltage Vee, as shown by a broken line in Fig.29·. In both cases, 

·the above-mentioned current braking is feasible since t.he current 

traverses the cu~rent detection resistor 11. 
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The short braking is a passive b·raking system comprising 

generating the counter-torque by utilizing the current for motor 

rotation control, while the counter direction current supplying 

braking is an active braking system comprising positively 

supplying the current from outside the motor for generating the 

counter-torque .. With the motor driving apparatus of the instant 

embodiment, these two braking systems of different 

characteristics may be smoothly switched with the aid of the 

signal PWM invert.ad Short/Rev in such -a manner 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 supplyinj braking when the pulse width becomes 

maximum by PWM, thereby lowering the rpm. This improves 

linearity df operation and response characteristics such as by 

fast servo lock of rotational servo for improving. 

In the driving unit 10, shown in Fig.24, the ~ransistors of 

the respective layers 96a, 96b, 97a, 97b, ~Ba 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. transistors 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 Vee flows ai 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 signal Rev,· shown in Fig.2lj, synchronized with the 

timing of 16 counts of the main clocks shown in Fig.21a~ based 

upon the reversing· signal, for applying the counter direction 

current supplying braking shown in Fig.211. The signal Rev is 

synchronously differentiated at the maximum pulse width position 

for PWM for forming the signal Output Open as shown in Fi·g. 21k. 

This signal Output Operi is overlaid on the first to sixth control 

signals as described above so as to be supplied to the 

transistors of the respective layers 96a, 96b, 97a, 97b, 98a and 

98b. 

In this manner, the upper and lower layer transistors ar.e 

compulsively turned off during short braking and reverse 

direction. current supplying braking during the time when the 

'signal Outpµt. Open· is at a high level thus prohibiting the 

through-current for assuring positive current drivin~. 

-Although the motor driving apparatus of the above-described 

embodiment is configured for driving control of the three-phase 

motor 1, it may also be applied to a rotational driving apparatus 

for other multi-phase motors, 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 of these clocks are 

counted for ~arming various timing control signals. This, 

however, may be chang.ed 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: 

i. A motor driving apparatus comprising: 

comparison means for comparing back-el~ctromotive voltages 

appearing in respective phases of a multi-motor; 

pulse width modulating means for outputting pulse width 

modulated signals for rotationally driving said motor based upon 

a rotational error signal of said motor; 

minimum pulse width detection means for detecting the 

minimum pulse width position of the pulse width modulated signal 

from .said pulse width modulation means; 

sample-holding means for sample-holding compari~on outputs 

of sad compa~ison means at a timing of detection of the minimum 

pulse width of said pulse width modulated signal fr~m said 

minimum pulse width detection means; and motor driving means for 

rotationally driving the motor based upon each sample-and-hold 

output.from said sample-and hold means. 

2. The motor driving apparatus as claimed in claim 1 wherein 

said sample-and-hold means includes exclusive OR detection means 

for detecting an e~clusive 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 ove-rlaid on the e.xclusive OR outputs from said 

exclusive OR detection means at the current supplying switching 

11111111111111 11111 11111111111 
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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 overlaid on the exclusive OR output of said exclusive OR. 

detection means at the current supply switching timing by said 

masking signal· and outputting a resulting masking processed 

signal; 

edge detection means for detecting the rising and falling 

edges of the masking processed output of said masking 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 mean$ for sample-holding the sampled output of said 

sampling means except for a phase for 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, 

said sampling means sampling _each comparison output from 

said comparator· means based upon a delay output of said delay 

means for supplying the sampled comparison output to said holding 

means. 

4. The. motor driving apparatus as claimed in claim 3 further 

comprising current supplring state switching controlling means 

1111111111111111111 1111111 lllJ 
* C L M S * 



82 
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 said delayed output are not 

supplied for a pre-set time for effecting switching control of 

the curre~t 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 edge and the falling 

edge of the masking processed output of said masking processing 

means, said edge detect ion means detecting the prevai 1 ing current 

conducting state and estimating, based upon the prevailing 

• current supplying state, whether the edge of the masking 

processing output to be .supplied next is a rising edge or a 

falling edge, said current ~upplying state switching controlling 

means inverting an output of said h~lding means if.an edge other 

than the estim~ted edge is detected by said edge detection means 

for effecting switching control of the current supplying state 

to each phase. 

6. A motor driving apparatus compris.ing: 

compari~on 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; 

reversing signal outputting means for outputting a reversing 

signal for applying a counter·direction current supplying braking. 
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for generating a counter-torque by flowing the current through 

the motor based upon a motor rotation error signal sup~lied from 

outside; 

pulse width modulation 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 posi~ion_of the pulse width modulated signal 

from said pulse ~idth modulation means; 

sampling means for sampling each comparison output of said 

. comparator means at a detection timing of the minimum pulse width 

of said pulse width of said pulse width· modulation signal fro~ 

said mini~um pul&e width detection means; 

affected phase detection means for detecting' on being fed 

with the reversing 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 

said 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 

detection means is produced; and 

motor diiving means for baking the motor based upon each 

sample-held output of said holding means. 

7. The motor dri~i~g apparatus as claimed in claim 1 further 
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comprising maximum pulse width detection means for detecting the 

maximum pulse width position of the pulse width modulated signal 

from said pulse width modµlation means and sampling the 

comparison outputs of said comp~rison outputs at the detection 

tfming of the ma.ximum pulse width, said motor driving means 

braking the motor by short braking of generating a counter-torque 

in said motor until detection of the maximum pulse width of the 

pulse width modulated signal by said maximum pulse width 

detection means, said motor· driving means braking the motor by 

counter direction curre~t supplying brakirig on detection of the 

maximum pulse width of said pulse width modulated signal. 

8. A motor drivi.ng apparatus of a sensor-less system for 

detecting the roiational position of a multi-p~ase rotor based 

upon each back-electromotive voltage appearing in each phase of 

the multi-phase motor, on/off controlling an upper layer 

transistor and a lower layer transisto~ of each phase responsive 

to the results of de~ection for switching the current supplying 

states to each phase for rotationallj driving the motor, 

comprising: 

swi t·ching timing detect ion means for detecting the timing 

of switching the direction of rotation; and 

controlling means for simultaneously turning off the upper 

layer transistor and the lower layer transistor of each phase for 

a pre-set time at the timing of switching of the rotational 

direction as detected by said switching timing detection means. 

I lllllll llllll lllll lllll II llll 
* C L M S * 



.. 
85 

9. The motor driving apparatus as claimed in c 1 aim 8 comprising 

comparison mean~ for comparing back-electromotiv~ voltages 

appearing in respective phases of a multi-phase motor to a common 

voltage which is a neutral point voltage of said multi-phase 

motor, pulse width modulating means for output~ing pulse width 

modulated signals for rotationally driving said motor based upon 

a motor rotation·error signal,· minimum pulse width detection 

means for detecting the minimum pulse width position of the pulse 

width modulated signal from said pulse width modulation means, 

sample-and-hold means for sample-holding comparison outputs of 

said comparison means at a timing of detection of the minimum 

pulse width of said pulse width modulated·signal by said minimum 

pulse width detection means, and motor driving means for forming 

a control signal for each ph,a.se for on/off driving the upper 

layer transistors and the low.er layer: transistors based upon each 

sample-and-hold output from said sample-and hold means. 

10. The motor driving apparatus as claimed in claim·S wherein 

said switching timing detection means detects the maximum pulse 

yiidth position of said pulse width modulate'd signal for detecting 

the timing of switching the rotation position. 
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