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'DRIVE CJRCUIT FOR BRUSHLESS MOTOR 
\ . l . 

,• ~ 

. \ BACfGROUND OF IBE INVENTION 

Field of the ftiventij . . 
· The inve'ption Jiate to a drive circuit for the ~rushless motor. 
. . . .\ 

Description of the Prior Art 

The rotation· driving control of a brushless motor ~ be classified 

roughly intoJwo functions. One of ~hich is a commutation control for 
. . .. . 

controlling the timing of respective phase current which flows through 

·respective annature winding. Another is a speed control which maintains the 

. 'rotation speed constant. 

In the commutation control; ·a rotor location signal is necessary whjch 

-indicates the relative position of the a~ature w~ding and the rotor. On the 

other hand,.in· the speed control, a speed signal is necessary for indicating 

rotation speed of the rotor. 

For the commutation change control of conventional typical brushless 

motor, a rotor location· detectbig element such as Hall device is used. But, 

since the rotor l~cation detecting element is no so cheap and needs further 

many electric wiring, there is some demerit which is complicated and causes· an 

increase of cost. 

Further, by using the rotor location detecting element, the thinness and 

small sizing. of the motor is restricted. Since an output of the rotor location 

detecting element c~ges by temperature and humidity, there remain some 

problems from the view point of re~ability. 

To avoid this demerit, some driving systems for the brushless motor are 

proposed for detecting a rotor location using a counter electromotive voltage 

sig~al induced in the· annature winding. ·The typical driving system for 

detecting the rotor location from the counter electromotive voltage signal is 

disclosed in the laid-open Japanese Patent Publication No. 58-25038. In the 

. above publication, two systems are disclosed, one of which is a system for 

detecting a location by comparing both terminal volta es of respective 
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armature winding and the other system by comparing the terminal voltage and 
the neutral voltage of the armature winding. 

. FIG. 120 shows a general construction of the system for detecting the 

location by comparing the terminal voltage and the neutral voltage of the 

armature winding. In FIG. 120, 12, 13 and 14 are the armature windings of a 

star connection brushless motor, 11 is a bridge circuit which switches the 

current flowing in the armature windings 12, 13 and 14. A comparator 500 

compares the terminal voltages U, V, W, each of which is not neutral terminal 

of the armature winding, with a neutral voltage M, respectively, to detect the 

rotor location. A commutation control means 501 controls the bridge circuit 

11 according to the rotor location which is detected by the comparator 500 and 

makes the rotor rotate by supplying a current into·the predetermined phase of 

the armature winding. 

Further, the laid-open Japanese Patent Publication No. 51-100216 

discloses a method for compensating a phase delay generated when comparing 

the terminal voltages, where ohmic drop of the armature winding resistor is 

assumed to be constant and the phase delay is compensated using a shunt 

resister. · 

By the way, in the driving system for detecting a rotor location using the · 

counter electromotive voltage induced in the armature winding, the rotor 

location can not be detected if the counter electromotive voltage is less than a 

predetermined value by the reason of low rotation speed of the rotor. On this 

occasion, since the rotor location can not be obtained at starting, it is necessary 

to forcefully apply a rotating magneti~ field to the rotor from outsid~ .. 
But, in case applying forcefully the rotating magnetic field to the rotor 

from outside," the relative position of the rotor and the armature winding do 

not always stop to a location w~ere the rotor can rotate to a normal direction, 

but some torque may be generated toward a counter rotation direction at the 

beginning of starting at some location of the rotor, which inyolves serious 

proble~ in which a normal starting is prevented. 

To solve this problems, some improvements are proposed, for example, 

in the laid-open Japanese Patent Publications.No. 57-173385 and No. 2-
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237490. In the laid-open Japanese Patent Publication No. 57-173385, it is 

disclosed a starting system, which starts to rotate a rotor after having fixed the 

rotor to a predetennined position at starting, comprises a means for supplying 

a current to a predetermined phase of the armature winding at starting for a 

predetermine~ period and a means for forcefully applying a rotating magnetic 

field to an armature winding from the outside. 

The system of the laid.:Open Japanese Patent Publication No. 57173385 

explains using FIG. 121 (a) th~t a fixed timer circuit 512, the armature 

windings 12 (U phase), 13 (V phase) and 14 (W phase) of a three phase DC 

brushless motor are connected to a power supply 510 through a power switch 

511. The armature windings· 12, 13 and 14 is connected.to collector of 

transistor 515, 51~ and 517, respectively.and an emitter of this transistor is 

connected to earth, which·comprises a driving circuit 518. 

A switching timer circuit 513 and a rotating magnetic field generating; 

circuit 514 are connected to the fixed timer circuit 512, and a switching circuit 

5~9 is connected to this switching timer circuit 513. The switching circuit 519 

switches currents outputted from the rotating magnetic field generating circuit 

514 which drives the driying circuit 518 ·and driving currents detected at.the 

armature windings 12, 13 and 14 according to the ~lectromotive voltage to 

supply to the driving circuit 518 . The output terminals of this switching 

circuit 519 are connected to respective phase~ of the bases of the transistors 

515, 516 and 517. An electromotive voltage detecting circuit 520 is connected 

to inputs of the switching circuit 519. The armature windings 12, 13 and _14 

are connected to the input terminals of this electromotive voltage detecting 

circuit 520. Respective three phase output signals from the rotating magnetic· 

field generating circuit 514 is inputted to the input terminals of this switching 

circuit 519. 
. . 

·Since the device is constituted in this way, when the power switch 511 is 

turned on, one of the armature windings 12, 13 and 14 is connected to the 

power supply 510 and the fixed timer circuit 512 operates simultaneously. 

The fixed timer circuit 512 outputs a control signal 521 to the rotating 

magnetic field generating circuit 514 for a predetermined period, the control 
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signat 521 excites one of the annarure windings 12, 13 and 14, specifically, for 

example, a W phase shown in FIG. 121 (b). The fixed timer circuit 512 also 

outputs a control signal 521 to the switching timer circuit 513. After a 

prede~nnined period when the control signal 521 is outputted from the f"ixed 

timer circuit 512, the fixed timer circuit 512 rums off. When the fixed timer 

circuit 512 turns off, the rotating magnetic field generating circuit 514 outputs 

driving signals 523, 524 and 525 ~shown in FIG. 121 (b) to the bases of the 

transistors 515, 516 and 517 through the switching circuit 519, where the 

driving signals 523, ~24. ~d 525 excite the annature·windings 12, 13 and 14, 

respectively. This switching circuit 519 is switched to a state of solitl line 

shown in FIG. 121 (a) according to a switching indication signal 522 shown to 

FIG. 121 (b), and this state is maintained until the switching indication signal 

522 outputted from the switchin~ timer circuit 513 becomes low (L) state. 

The driving signals outputted from the rotating magnetic fiel4 generating 

circuit 514 applies driving signals sequentially to the bases of the transistors 

515, 516 and 517 in the driving circuit 518. The sequential currents" are 

supplied ~to the annature windings 12, 13 and 14 from the power supply 510. 

Therefore, the rotating magnetic field is generated in the armature wind~gs 

12, 13 and 14, which causes the rotor to begin rotating. 

· The motor is started in this way. When a predetermined period is passed, 

a switching signal 522 which is outputted from the switching timer circu.it 513 

becomes L state and the switching circuit 519 switches its contacts. the driving 

signals outputted from the voltage detectmg circuit 520 is applied to the 

driving circuit 518, which drives the transistors 515, 516 and 517 sequentially 

and maintains rotation of the three phase brushless motor. 

The prior art of the laid-open Japanese patent publication No. 2-237490 is 
. . 

explained below. This brushless motor has .an electromagnetic transducer for 

detecting a rotation position of the rotor. This brushless motor selects one 

predetermined current switching pattern corresponding to a rotor ~topping_ 

location from the predetermined current patterns set for starting according to 

the rota~g location detected by the electromagnetic trarisducer at starting, . 

then switches the driving current to be supplied to the .stator armature winding 
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by this selected current switching pattern to generate a rotating magnetic field 
. and to cause the rotor to start. When the electromotive voltage generated in 

the stator armature winding reaches a predetennined value which is necessary 

to detect the rotatibn position of the rotor, the rotation position of the rotor is 

determined from the detected electromotive voltage. By the detected output, 

the driving current for driving the annature winding is switched to generate 

. the rotating magnetic field and to cause the rotor to rotate. 

On the other hand, in_ a speed control of the brushless· motor, it is 

generally used a system for maintaining the rotating speed constant by 

controlling the current quantity flowing in the a;rmature winding. 

FIG. 122 shows a block diagram of a speed control system of the driving 

circuit for conventional brushless motor. In FIG. 122, 530 is a speed 

detecting circuit which detects actual rotation speed of the rotor and outputs a 

speed sigtial, 531 is a speed difference detecting circuit which outputs a speed 
difference signal having a pulse width corresponding to the speed difference by 

counting the speed signal period using ref~rence clock. A speed difference 

compensation filter 532 outputs a current indication value to a current 

supplying circuit 533 so that a speed difference becomes zero according to the 

speed difference signal. The current supplying circuit 533 regulates a current 

quantity supplied to the armature winding of the brushless motor 534 

. according to the current .indication value. In the driving circuit of such 

conventional brushless motor, the speed difference compensation filter is 

constituted of an analog filter in which a PI filter 460 and a first order delay 
filter 464 are connected serially as shown in FIG. 123. 

In the driving circuit of the conventional brushless motor, the speed 

signal period is counted by the reference clock .and therefore the reference 

clock frequency inputted into the speed difference detecting circuit is ~witched 

in proportion to the indicated rotation speed when the indicated rotation. speed 

to the motor is switched. 

Regarding the system which detects the speed signal for controlling the 

rotation speed of the brushless motor, there are a system which is popularly 

called a FG system which exclusively use a frequency generator for speed 

• 
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detection and a system which detects speed according to a feature that a 
ma~tude of the co\Jnter electromotive voltage signal induced in ~e armature 
winding is in proportion to the rotation speed. 

In the conventional driving system in which the location detection is 

carried out by comparing the tenninal voltages each other, since one of the 
terminal is a current supplying phase and another is a non-current supplying 
phase, .when the current in the current supplying phase increases at load state, 
the ohmic drop in the annature winding of current supplying phase becomes 
large, and therefore the rotor location signal of the current supplying phase 
delays. 

This delay causes.a commutation timing to delay, then the torque 
decreases, which causes a rotation speed to decrease. When the rotation speed 
decreases, the current increases in order to rise the rotation speed~ and the 

ohmic drop further becomes large, that is, there occurs a vicious circle. In_ the 
worst case, the motor can not generate a torque which is larger than the load, 
and then the motor will fall into stopping state. 

On the other hand, in the conventional driving system in which the 
· location detection is carried out by comparing the neutral voltage with the 
terminal voltages, although the phase delay of the location detecting signal can 
be solved·, it is necessary to draw out the neutral leads from inside of the 

brushless motor. 
The rotor location signal obtained by comparing the neutral voltage with 

the terminal voltages is shifted around 30 degrees in electrical angle against the 
actually needed rotor location sig~al, then the compensation must be carried 
out. The integration filter is usually used for phase compensation, therefore, 
when the motor is derived in a variable speed, the integration filter constant 
must be changed. Accordingly, if the constant is fixed, the commutation 
operation becomes unstable at transient state. 

Further, in the above boµi driving system, by the influence of spike 
shaped noise generated on the terminal voltage waveform accompanied with 

. the switching of the driving transistor, the- rotor location signal becomes 

incorrect. 
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In the detection system for detecting a speed by a private frequency 
generator, it is necessary to provide a frequency generator having a high 

machining. accuracy. Therefore, it iS necessary to provide a wide space for 

installing the private detecting apparatus and then there is a cost disadvantage. 

In the detecting system for detecting a speed by an amplitude of the 

counter electromotive voltage, since the voltage .generated by the current 

flowing in the armature winding is supeiposed to the counter electromotive 

voltage, it is difficult to detect only the amplitude of the counter electromotive 
. . 

voltage, and also the magnitude is followed by a change of environment. 

In the conventional brushless motor, it needs a predetermined time to 

start after a starting switch is turned on. 

In the conventional starting system, when the starting is failed,. it is 

necessary to restart and so it takes a lot of time for starting the motor. 

In the conventional speed difference compensation filter in the driving 

circuit, when disturbance at low pass area· is large, the disturbance can not be 

satisfactorily compressed. Therefore, the specification of the rotation accuracy 

can not be well satisfied. 
· In the conventional driving circuit for the.brushless motor, when the 

indic.ated rotation speed to the motor has changed, it is necessary to change ~e 

reference clock inputted into the speed difference detector in proportion to the 

indicated rotation speed. 

In the. conventional driving circuit for the brushless motor, a 

commutation timing is not synchronized with a timing for increasing or 

decreasing the armature winding current. Therefore, it is difficult to· add or 

subtract a compensation value which is detennined by the resistance value of 

the armature winding and the current flowing· in the current supplying phase 

to/from the winding voltage during the actual driving period. 

In the conventional driving circuit for the brushless motor, the transistors 

are switched by the rectangular shaped wave, there occurs noise ·at 

commutation. 

· It is an object of the present invention to provide a driving circuit for the 

brushless motor having no phase delay in the rotor location signal even at load 
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state, having a stable· rotation irrespective of steady state or transient state, and 

a simple lead connection. 

Further, it is an object of the present invention to provide a driving 

circuit .f9r the brushless motor for correctly detecting a rotor location signal 

even if spike shaped voltage fluctuation is generate~ on the terminal voltage 

waveform accompanied with switching of driving transistor. 

Further, it is an object of the present invention to provide a driving 

circuit for the brushless motor for obtaining a speed signal without providing a 

private speed detecting circuit. 

Further, it is an object of the present invention to provide a diiving 
. . 

circuit for the b~shless motor for being started in a short time without 

influenced by the load·condition. 

· Further, it is an object of the present invention to provide a driving 

circuit for. the brushless niotor for providing a high accurate rotation mode 

with fully compressed disturbance even if the disturbance at low pass area is 

large. 

Further, it is an object of the present invention to provide a driving. 

circuit for the brushless motor for changing the rotation stably by switching a 

target rotation speed and a gain of the speed diff~rence compensation fil~r. 

Further, it is an object of the present invention to provide a driving 

circuit for the brushless motor for synchronizing the commutation timing with 

a timing for increasing or decreasing the anli.ature winding current. 

Further, it is an object of the present invention to provide a driving 

circuit for the brushless motor having less noise at commutation operation. 

SUMMARY OF THE INVENTION 

A brushless motor d_riving circuit for driving a plurality of the armature 

windings of a brushless motor of the present invention comprises a plurality of · 

the terminal voltages detection means located at every phase of the armature 

windings;. a terminal voltage compensation means for adding or subtracting a 
compensation value to/from the terminal voltage of an armature windings 
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detected at respective phases during actual driving period, the compensation 
value is determined by a resistor of the armature winding and a winding 

curren~; and a comparator means for comparing respective terminal voltages 

after compensation has earned out to obtain a rotor location signal; the · 

armature windings are driven by the rotor location signal detected at the 

comparator means. 

· Since the neutral point is not used and a location. signal is obtained by 

compensating the compensation "alue determined by the armature winding 

current only during the actual driving period, the lead may be small and · 

correct driving timing having less delay ·may be obtained. 

A brushless motor driving circuit for driving a plurality of the armature 

windings of a brushless motor of the present invention comprises a plurality of 

the terminal voltages detection means located at every phase of the armature 

windings; a terminal voltage difference compensation means between 

respective phases· for adding or subtracting a compensation value to/from the 

terminal voltage difference of resp~ctive phases detected between the armature 

windings during actual driving period, the ·Compensation value is determined 

by a resistor of th~ armature winding and a winding current; and a comparatoi: 

means for comparing respective terminal voltage difference between respective 

phases after compensation has carried out to obtain a rotor location signal; the 

annature windings are driven by the rotor location signal detected at the 

comparator means. 

Since the neutral point is not used ·and a location signal is obtained from 

the inter-terminal voltage by compensating the compensation value determined 

by the armature winding current only during ·the actual driving period, the 

lead may be small and correct driving timing having less _delay may be 

obtained. 

Further the brushless motor driving circuit of the present invention 

comprises a rising and falling signal detection means for detecting a rising and 

·>~ falling signal of the rotor location signal to speed-feedback-control by 

assuming the detected resultant signal as a detected speed signal. 

Further, since a signal corresponding to the signal speed is obtained from 
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the location signal, the speed control is simplified by using a simple apparatus. 

Further, in the brushless motor driving circuit of the present invention, 

the driving signals being applied to a tenninal voltage compensation mean~ of. 

~spective phases during the driving signals is applied to a bridge circuit for 

exciting and driving annature windings of respective phases. 

Since an actual driving is carried out during the driving sign~ls is in a 

driving state, the phase delay is correctly compensated. 

Further, in the brushless motor driving circuit of the present invention, 

the driving signals being applied to a terminal voltage difference compensation 

means between respective phases during the driving signals is given to a bridge 

circuit for exciting and driving armature windings of respective phases. 

Since an actual driving for the compensation of difference between 

respective phases voltage is carried out during the driving signals is in a 

driving state, the phase delay is correctly compensated. 

Further, the brushless motor driving circuit of the present invention 

comprises an actual current detection resistance which is connected serially to a 

bridge circuit for exciting the armature windings; the current flowing in the 

detection resistor is applied to terminal voltage compensation means as a 

winding current. 

Sine~ the compensation ·voltage was taken from the detection resistor for 

detecting the current flowing in the armature winding, the phase delay is 

correctly compensated . 

. Further, the brushless motor driving circuit of the present invention 

comprises an actual current detection resistance which is connected serially to a 

bridge circuit for exciting the armature windings; the current flo~ing in the 

detection resistor is applied to a terminal voltage difference compensation 

means between respective phases as a winding current. 

Since the compensation voltage was taken from the detection resistor for 

detecting the current flowing in the armature winding, the phase delay between . 

the respective phases voltage difference is correctly compensated. 

Further, the brushless motor driving circuit of the present invention · 
. . 

comprises a differentiation circuit for detecting a rising and falling edge of 
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comparison signal of the terminal voltages and a voltage differences between 
respective phases; and a latch circuit for latching the comparison signal at the 

timing when the edge is detected in the_ differentiation circuit; the armature 

windings of respective phases are driven as a rotor location signal by 

combining the output signals of latch circuit. 

Since a new the location signal is obtained by latching the location signal, 

a correct location signal is obtained even if the noise is included in the detected 

signal. 

Further, the brushless motor driving circuit of the present ~vention 

comprises a rotor location sig~al generation means for detecting a rotor 

location signal of the brushless motor from the tenninal voltages or a voltage 

differences between respective phases; a counter for detecting a rising and 

falling edge of the rotor location signal of the output, selecting one of the 

necessary edge signal from the respective detection edge signals and counting 

necessary edge signals and applying it to the annature windings of respective 

phases at starting; and a pulse generating counter, one input of which is 

connected to the output of ~e counter, for counting up the counter when the 

input is not obtained for a predetermined of period; an output of the counter is 

. applied to the armature winding at starting for driving the ro.tor of the 

brushless motor. 

Since edge signals of rising and falling of the location signal are selected · 
and counted for making a driving signal and forcefully counted when there is 

no further input, stable starting can be obtained. 

Further, the brushless motor driving circuit of the present invention_ 

comprises a rotor lo.cation signal generation means for detecting a rotor 

. location signal of the brushless motor from the tenninal voltages or a voltage 

differences beriveen respective phases; a counter for detecting a rising and 

falling edge of th~ rotor location signal of the output, selecting one of the 

necessary edge signal from the respective detection edge signals and counting 

necessary edge signal and applying. it to the armature windings of respective 
. . 

phases at starting; a pulse generating counter, one input of which is coIUlected 

to the output of the counter, for counting up the counter when the input is not 
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obtained for a predetennined of period; and a no(lllal rotation detecting means 
for monitoring motor rotation by combining the rotor location signal with the 

counter output; the normal rotation detecting means generates a restart pulse 

for restarting the mot~r ~d applies an output of the counter to the annature 

windings for driving the rotor of the brushless motor at abnormal rotatio~ 

Since edge signals of. rising and falling of the location signal are selected 

and counte9 for making a driving signal and forcefully counted when there is 

no further input, and further being restarted at abnonnal rotation state, stable 

starting can be obtained even at abnonnal rotation state. 

Further, the brushless motor driving circuit ·of the present inv~ntion 

comprises a switching means for switching the armature windings of respective 

· phases in response to the counter output at starting or restarting, or in response 

to the rotor location signal at nonnal rotation after starting or restarting; and a 

timer; the switching means switches a starting or a restarting period according 

the timer_· output. 

Since the starting I restarting state and nonnal state are switched for 

every predetermined period, the operation can be surely changed to a nonnal 

driving. 
Further, the brushless motor driving circuit of the present invention 

comprises a switching means for switching the annature windings of respective 
phases in response to the counter output at starting or restarting, or in response 

to the rotor location signal at nonnal rotation after starting or restarting;·dle 

switching means switches the armature windings when a counter output reaches 

a predetermined value· as the starting or restarting period is completed . 

. · Since the s~rting I restarting state and nonnal state can be switched by the 

count number of the counter, the operation can be surely changed to a nonnal 

driving. 

Further, the brushless motor driving circuit of the present invention 

romprises a switching means for switching the annature V?indings of respective 

phases in response to the counter output_ at starting or restarting, or in response 

to die rotor location signal at nonnal rotation after starting or restarting; and 

a rotor speed signal detection means; the switching means switches the 
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armature windings when a detected speed signal reaches a predetennined value 
as the starting or restarting period is completed. 

Since the starting I restarting state and normal state are switched when the 

rotor speed ~s reached a predetennined speed, the operation can be surely 

changed to a nonnal driving. 

Further, the brushless motor driving circuit of the present invention 
. . 

· comprises a switching means for switching the annature windings of respective 

phases in response to the counter output at starting or restarting, or in response 

to the rotor location signal at normal rotation after starting or restarting; and 

the switching means ~witches the armature winqings when a detected the rotor · 

location signal reaches a predetermined combined value as the starting or 

restarting period· is completed. 

Since the starting I restarting state and normal state are switched when the 

detected location signals become a predetermined combination, the operation 

·can be surely changed to a normal driving. 

Further, the brushless motor driving circuit of the present invention 

comprises a switching means for switching the armature windings of respective 

phases in response to the counter output at starting or restarting, or in response 

to the rotor location signal at nonnal rotation after starting or restarting; and 

the switching means switches the annature windings when a driving signals 

supplied to the respective annature winding re.aches a predetermined combined 

value as the starting or restarting period is completed. 

Since the starting I restarting state and normal state are switched when the 

driving signals become a predetennined c~mbination, the operation can be 

surely changed to a normal driving. 

Further, the brushless motor driving circuit of the present invention 

comprises a switching means for switching the armature windings of respective 

phases in response to the counter output at starting or restarting, or in response 

·to the rotor location signal at normal rotation after starting or restarting; and 

a timer or a rotor speed signal detection_ means; the switching means switches 

the armature windings as the starting or restarting period is completed when 
. ' 

all following conditions are satisfied, that is, when a setting time of the timer 
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expires, when a detected speed signal reaches a predetermined value, when a 
counter output reaches a predetennined value, when a detected the rotor 

location signal reaches a predetermined combined value, when a driving 

signals supplied to the respective annature winding reaches a predetennined 

combined value. 

Since the starting I restarting state and normal state are switched by a 

combination of the count number of the· counter, predetermined period, the 

rotor speed which has reached a predetermined speed, a predetermined 

. combination of the detected location signals or the driving signals, the 

operation can be surely changed to a nonnal driving. 

Further, in the brushless motor driving circuit of the present invention, 

the counter outputs a restart pulse to make the rotor start as an abnormal 

rotation when the rotor location signal at the input has not changed for a 

predetermined period and counts up the counter forcefully. 

Since the counter is forcefully counted when there is no input, and the 

motor is restarted at abno~al rotation state by monitoring the location signal 

inputted into the counter, restart is possible at an abnormal rotation state. 

Further, the brushless motor driving circuit of the present invention . 

comprises a location detector for detecting a location dev~ated by electrical 

angle 'lt/6 against the rotor. location signal which is detected from the terminal 

voltages· or the voltage difference between respective phases; and a hold circuit 

for outputting a selection signal defined by an output of the location detector 

and a starting indic~tion signal; the counter decides a combination of a driving 

signals supplied to armature of respective phases at starting or restarting using 

the selection signal. 

Since the driving signals at starting and restarting are obtained from a 

location signal detected by other location detector which is set at a certain 

electrical angle, the motor can be surely started even at s·tarting. 

Further, the· brus~less motor driving circuit of the present invention 

. comprises a location detector for detecting a location deviated by electrical 

angle 7t/6 against· the rotor locat~on signal which is detected from the terminal 

voltages or the voltage difference between respective phases; a hold circuit for 
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outputting a selection signal defined by an output of the location detector aild a 
starting indication signal; and an output of the location detector is used as a 

dfiving signals to the armature at starting or restarting; and the counter 

decides a combination of the driving signals supplied to annature of respectiv~ 
phases ·using the selection signal after starting or restarting. 

Since the driving signals at starting and restarting are obtained from a 

location signal detected by. other location detector which is set at a certain · 

electrical angle, the motor can be surely started even at starting. 

Further, the brushless motor driving circuit of the present invention 

comprises a differentiation circuit for ?etecting a rising and falling edge of 

comparison signal of the terminal voltages and voltage differences between_ 

respective phases; a timer for starting by a detected edge from the 

differentiation circuit 'and for stopping its ~peration after a predetermined 

period; and a latch.circuit for latching the.comparison signal at the timing 

when the edge is detected in the differentiation circuit and for releasing the 

latch at the timing when the timer has stopped; the armature windings of 

respective phases are driven as a rotor location signal by combining the output 

signals of latch circuit. 
·Since a logic signal obtained by comparing the terminal voltage is 

differentiated and latched, .then the latch is released after a predetennined 

period, a correct rotor location signal is provided even if noite is included in . . 

the detected signal. 

Further, the brushless motor driving circuit of the present inv.ention 

the timer period during the latch· circuit latches and releases the comparison 

signal is switched according to the indicated rotation speed to the armature. 

Since the timer length is variable, noise can be masked for an appropriate 

period. 

Further, the brushless motor driving circuit of the present invention 

comprises a rotor location signal generation means for. detecting a rotor 

loca~on signal from the terminal voltages or a voltage difference between 
· respective phases; a pulse generating means for detecting a rising and falling 

edge of the rotor location signal of the output, selecting a necessary edge signal 
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from the respective detection edge signals to make output pulse train , and for 

supplying pseudo-pulse train when a necessary edge signal can notbe obtained 

for a predetermined period; a counter for coilnting an output of the pulse 

generation means; a nonnal rotation detection means for outputting an 

abnonnal rotation sigi_ial when the rotor location signal and the count numbers 

has no predetermined relationship; and a restart pulse generating means for 

masking the abnormal rotation signal outputted from the abnormal rotation 

detection means during a predetermine period after starting and restarting and 

for outputting a restart pulse according to the abnormal rotation signal after 

the predetermined period; an output of the· counter is applied to the annature 

winding for driving the rotor of the brushless motor at starting and during the 

predetermined period set by the restart pulse at restarting. 

Since the current is switched and· supplied forcefully to a current 

. supplying phase which rotates the rotor toward a normal rotation direction for 

a predetermined period at starting, restarting and abnormal state, the motor 

can be started within a short time with9ut influenced with the load condition. 

Further, the brushless motor driving circuit of the present invention 

comprises a switching means for switching the armature windings of respective 

phases according to a value of the counter at starting or restarting and 

according to. the rotor location signal during a steady period after starting or 

restarting; and a timer; the switching means switches a starting or a restarting 

period according the timer output. 

Since the switching from the starting mode to the normal mode is carried 

out by setting the timer, the operation can be surely changed to a normal 

driving. 

Further, the brushless motor driving circuit of the present invention 

comprises a speed detection means for detecting a rotor speed; a speed 

difference detecting means for outputting a difference.between the detected 

. actual rotation speed of the rotor and a target rotation speed as a speed 

difference signal; ~d a speed difference compensation filter comprised of the 

a proportion - integration (P/I) filter connected in parallel with a first order 

delay filter, the input of parallel circuit is the speed difference signal, the 
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· outputs of the parallel circuit are added and further supplied in series to 
another .first order delay filter, the output of the another first order delay 

filter is supplied to the armature windings as a current indication value. 

Since the speed difference compensation filter is comprised of serial 

connection of a parallel connection of a PI filter and a first order delay filter, 

·and a first order delay filter, a good low pass compression characteristics for 

disturbance can be obtained. 

Further, the brushless motor driving circuit of the present invention 
comprises a speed detection means for detecting a rotor speed; a ·speed 

difference detectmg means for outputting a difference between the detected 

actual rotation speed of the rotor and a target rotation speed as a speed 

difference signal; and a speed diffe:rence compensation filter comprised of a 

·.·_serial circuit of a pro~ortion - integration (P/I) filter and a first order delay 

filter, the input of circuit is the speed difference signal, the serial circuit ~s 

further supplied in parallel to another first-order delay filter, the parallel 

output is added and supplied to the .armature windings as a· current indication 

value. 

Since the speed difference compensation fi~ter is comprise~ of parallel 

connection of a serial connection of a PI filter and a first order delay filter, 

and a first order delay filter, a g~od low pass compression characteristies for 

disturbance can be obtained. 

Further, the brushless motor driving circuit of the present invention 

comprises a speed detection means for detecting a rotor speed; a speed 

differen~e detecting means for outputting a difference b~tween the detected 
actual rotation speed of the rotor and a target rotation speed as a speed 

difference signal; and a speed. difference compensation filter for obtaining a 

current indication value from the detected speed difference signal which is 

supplied to the annature windings; the target rotation speed of the speed 
' . 

difference detecting means and a gain of the speed difference compensation 

filter are changed according to ·the indicated rotation speed which is supplied to 

the driving circuit of the brushless motor. 

. Since a target of the speed difference detector and a gain of the speed 
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difference compensation filter are switched according to the indicated rotation 
speed, it is not necessary to thange the reference clock inputted into the speed 
difference detector. 

Further, the brushless motor driving circuit of the present invention 
comprises a rotor location detection means for detecting a relative. location of 
the armature windings and the rotor; a commutation control means for 
switching a current to an annature winding at a detected rotor location; a 
speed detection means for detecting a speed of actual rotor speed; a spee4 
difference detecting. means for outputting a difference between an actual 
rotation speed of the rotor and target rotation speed as a speed difference 
signal; the a speed difference compensatiori filter for obtaining a current 
indication value from detected speed difference signal in order to drive the 
annature winding; the commutation control means switch the current 

. . 

suppJying phase and increase or decrease the current indication value which is 
applied to the annat:Ure winding after a predetermined period. 

Since the current is sequentially increased or decreased· after current 
phase is switched within a predetermined period, the current is easily 
feedbacked to compensate the tenninal voltages. 

Further,· in th~ brushless_ motor driving circuit of the present invention, 
a maximum current is supplied to the armature windings during a period of 
starting and restarting. 

Since a maximum current is supplied into the annature winding during 
starting and restarting, the motor can be started in _a short time. 

Further, the brushless motor driving circuit of ·the present invention 
comprises a rotor location signal gen~ration .means for detecting a location 
signal of rotor from each phase tenninal voltage or voltage differences of 

respective phases; a pulse generation means for detecting a rising and falling 
edge of rotor location signal of output of the rotor location signal generation 
means, for providing an output pulse train by selecting a necessary edge signal 
from each detected edge signal, further for providing a pseudo-pulse train 

. . 

when the necessary edge signal is not detected for a predetennined period; and 
a counter for counting an output signal from the pulse generation means; the 
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counter output is supplied to drive the annature winding. 

Since a necessary signal in the rising and falling edge of rotor location 

signal is selected and the ·armature winding is driven by counting the necessary 

signal; the motor can be surely started in a short time and then moved surely to 

a normal rotation. 

· Further, the· brushless motor driving circuit of the present invention 

comprises a commutation circuit for obtaining an armature winding driving 

signal from a rotor location signal detected in the rotor location signal . 

detection means which includes a compensation means for compensating each 

terminal voltage or voltage differences of respective phases and· a comparing 

means for comparing each terminal voltage or voltage differences between 

respective phases; and· a t~pezoid driving signal generation circuit for forming 

a tra~?;oid driving signal from the output of the commutation circuit; the 

trapezoid driving signal is supplied to drive the armature winding. 

Since the annature windings are driven by the trapezoid shaped signal, it 

is possible to decrease noise at cQmmutation. 

Further, the brushless motor driving circuit of the present invention 

comprises a charging I discharging circuit in the trapezoid driving signal 

generating circuit for changing the gradient of the trapezoid driving signal by 

changing the time constant of the charging·/ discharging circuit ~sing a control 

signal inputted from outside. . · 

Since the gradient of the trap~i:oid shaped driving signal is changed by the 

outside controlling signal, it is possible to surely decrease noise at 

commutation, even if rotation speed of motor changes. 

Further, the brushiess motor driving circuit of the present invention 
. . 

comprises a phase leading circuit for leading a phase of the rotor location 

signal, the leading quantity of the phase leading circuit is set to substantially 1 /. 

2 of the gradient time of the trapezoid driving signal for driving· the armature 

winding. 

Since the phase of rotor location signal is led so that the grading center of 

the trapezoid shaped driving signal coincides with the commutation timing, it is 
possible to decrease noise without decreasing the torque generating efficiency. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block di~gram of ~ first embodiment of the present invention 

which shows a general construction a brushless motor driving device. 

FIG. 2 shows a concrete construction example of a terminal voltage 

compensation circuit . 

. FIG. 3 shows a concrete construction example of a comparator of the 

embodiment 1. 

FIG. 4 shows a signal wave which explains operation of the embodiment 1 

and 2. 

FIG. 5 shows a signal wave which explains operation of the embodim~nt 1 
and 2. 

FIG. 6 show a construction of a compensation switching signal generating 

circuit and signal wave forms of a tenninal voltages circuit. 

FIG. 7 show a relationship between the current supplying phase and the 

drivi1:1g signals. 

FIG. 8 is a block diagram of a second embodiment of the present 

invention whi~h shows a general construction a brushless motor driving 

device. 

FIG. 9 shows a concrete inter-tenninal voltage compensation circuits. 

FIG. 10 shows a table which explains an operation of an inter:.tenninal 

voltage compensation circuits. 

FIG. 11 shows a concrete construction example of a comparator of the 

embodiment 2. 
FIG. 12 shows a table which expla~ns an operation of an inter-terminal 

voltage compensation circuits. 

FIG. 13 is a block diagram of a third embodiment of the present 

invention which shows a general construction a brushless motor driving 

device. 

:FIG. 14 is a block diagram of a fourth embodiment of the present 

invention which shows a general construction a brushless motor driving 
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device. 

FIG. 15 is a block diagram of a fifth embodiment of the present invention 

which shows a general· construction a brushless motor driving device. 

FIG. 16 is a block diagram of a sixth embodiment of the present invention 

which shows a general· construction a brushless motor driving device. 

FIG. 17 shows a concrete construction example of a waveform shaping 

circuit. 

FIG. 18 shows a signal wave which explains operation of a waveform 

shaping circuit. 

FIG. 19 ~hows a signal wave which explains operation of a waveform 

shaping circuit. 

FIG. 20 is a block diagram of an eighth embodiment of the present 

invention which shows a general construction a brushless motor driving 

device. 

FIG. 21 shows a relationship between the ~u~nt supplying phase and th~ 

driving signals of the embodiment 8. 

FIG. 22 shows a relationship between the location signal of the rotor and 

the driving signals of the embodiment 8. 

FIG. 23 shows a concre.te construction example of a counter circuit of the 

embodiment 8. 

FIG. 24 shows a tabl~ which explains an operation of a counter circuit of 

embodiment 8. 

FIG. 25 shows a table which explains an operation of a counter circuit of 

embodiment 8. 

FIG. 26 shows a concrete construction example of a pulse generating 

circuit of embodiment 8. . . 

FIG. 27 shows a relationship between an output value of the counter 

circuit and the driving signals of embodiment. 8. 

FIG. 28 is a timing chart which explains an operation of embodiment 8. 

FIG. 29 is a tjming chart which explains an operation of embodiment 8. 

FIG. 30 is a block diagram of a ninth embodiment of the present 

invendon which shows a general construction a brushless motor driving 
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device. 
FIG. 31 shows a relationship between a rotor locatio~ signal and the count 

numbers. 

FIG. 32 is a timing chart which explains an operation of embodiment 9. 

FIG. 33 is a block diagram of a tenth embodiment of the present 

invention which shows a general construction a brushless motor driving 

device. 

FIG. 34 shows a concrete switching signal generating circuit of 

embodiment 10. 

FIG. 35 shows a timing chart for explaining an operation of the switching 

signal generating circuit of embodiment 10 . 

:f]:G. 36 is a block diagram of an eleventh embodiment of the present 

invention which shows a general construction a brushless motor driving 

device. 
FIG. 37 shows a concrete switching signal generating circuit of 

embodiment 11. 

FIG. 38 is a timing chart which explains an operation of a switching 

signal generating circuit of embo~iment 11. 

FIG. 39 is a block diagram of a twelfth embodiment of the present 

invention which shows a general construction a brushless motor driving 

device. 

. FIG. 40 shows a concrete switching signal generating circuit of 

embodiment 12. 

FIG. 41 is a timing chart which explains an ·operation of a switching 

·signal generating circuit of embodiment 12. 

.. FIG. 42 is a block diagram of a thirteenth embodiment of the present 

invention which shows a general construction a brushless motor driving 

device. 

FIG. 43 shows a concrete switching signal generating circuit of 

embodiment 13 . 

. FIG. 44 is a timing chart which explains an operation of a switching 

signal generating circuit of embodiment 13. · 
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FIG. 45 is a block diagram of a fourteenth embodiment of the present 
invention which shows a general construction a brushless motor driving 

device. 

FIG. 46 shows a concrete switching signal generating circuit of 

embodiment 14. 

FIG. 47 is a timing chart which explains an operation of a switching 

. signal generating circuit of embodiment 14. 

FIG. 48 is a block diagram of a fifteenth embodiment of the present 

invention which shows a general construction a brushless motor driving 

device. 

FIG. 49 shows a concrete switching signal generating circuit of 

embodiment 15. 

FIG. 50 is a timing chart which explains an operation of a switching 

signal generating circuit of embodiment 15. 

FIG. 51 is a block diagram of a sixteenth embodiment of the present 

invention which shows a general construction a brushless motor driving 

device. 

FIG. 52 shows a concrete switching signal generating circuit of 
. . 

embodiment 16. 

FIG. 53 is a tiniing chart which explains an operation of a speed signal 

generating circuit. 

FIG. 54 ~s a timing chart which explains an operation of a switching 

signal generating circuit of embodiment 16. 

FIG. 55 is a block diagram of a seventeenth embodiment of the present 

invention which shows a general construction a brushless motor driving 

device. 
FIG. 56 shows a concrete switching signal generating circuit of 

embodiment 17. 

FIG. 57 is a timing chart which explains an operation of a switching 

signal generating circuit of embodiment 17. 

FIG. 58 is a block diagram of an eighteenth embodiment of the present 

invention which shows. a general con~truction a brushless motor driving 
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device. 
FIG. 59 shows a concrete switching signal generating circuit of 

embodiment 18. 

FIG. 60 is a. timing chart which explains an operation of a switching 

signal generating circuit of embodiment 18. 

FIG. 61 is a block diagram of a nineteenth embodiment of the present 

invention which shows a general const~ction a brushless motor driving 

device. 

FIG. 62 shows a concrete switching signal generati.ng circuit of 

embodiment 19. 

FIG. 63 is a timing chart which explains an operation of a switching 

signal generating circuit of embodiment 19. 

FIG. 64 is a block diagram of a twentieth embodiment of the present 

invention which shows a general construction a brushless motor driving 

device. 
FIG. 65 shows a concrete switching signal generating circuit of 

embodiment 20. 

FIG. 66 is a timing chart which explains an operation of a switching 

signal generating circuit of embodiment 20. 

FIG. 67 is a block diagram of a twenty first embodiment of the present 

invention which shows a general construction a brushless motor driving. 

device . 

. FIG. 68 is a block diagram of a twenty second embodiment of the present 

invention which shows a general construction a brushless motor driving 

device. 

22. 

·FIG. 69 is a timing chart which explains an operation of embodiment 22. 

FIG. 70 sho~s a table which explains an operation of embodiment 22. 

FIG. 71 shows a concrete construction of a counter circuit of embodiment 

FIG. 72 shows a table which explains an operation of embodiment 22. 

FIG. 73 is a timing chart which explains an operation of embodiment 22. 

FIG. 74 is a timing chart which explains an operation of embodiment 22. 
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FIG. 75 is a block diagram of a twenty third embodiment of the present 
invention which shows a general construction a brushless motor driving 

device. 

FIG. 76 is a timing chart which explains an operation of embodiment 23. 

FIG. 77 is a timing chart which explains an operation of embodiment 23. 

FIG. 78 is a block diagram of a twenty fourth embodiment of the present 

invention which· shows a general construction a brushless motor driving 

device. 

FIG. 79 shows a signal wave of respective portion of the terminal voltage 

compensation circuit at a normal rotation state of a brushless motor driving 

device of the present invention. 

FIG. 80 shows a construction example of a waveform shaping circuit of 

embodiment 24. 
. . 

FIG. 81 shows the terminal voltage waveform and signal waveform of 

respective portion of the waveform shaping circuit. 

FIG. 82 is an enlarged signal waveforms of FIG. 81. 

FIG. 83 is a signal waveform which explains an operation of a mask 

signal generating circuit and a timer of embodiment 25. 

FIG. 84 is a signal waveform which explains an operation of a mask 

signal generating circuit and a timer of embodiment 25. 

FIG. 85 is a signal waveform which explains an operation of a mask 

signal generating circuit and a timer of embodiment 25. 

FIG. 86 shows a construction of a starting circuit of embodiment 26. 

FIG. 87 shows a construction of a pseudo'."pulse generating circuit of 

embodiment 26. 

FIG. 88 is a signal wavefo~ which explains an operation of a pseudo­

pulse gener~ting ·circuit of embodiment 26. 

FIG. 89 shows a construction example of a restart the pulse generating 

circuit of embodiment 26. 

FIG~ 90 is a signal waveform which explains an operation of embodiment 

26. 

FIG. 91 shows a construction of a starting circuit of an embodiment 27. 
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FIG. 92 shows a construction of a switching signal generating circuit of 
embodiment 27 . 

. FIG. 93 is a signal wavefonn which explains an operation of switching 

signal generating circuit. 

FIG. 94 is a block diagram of a speed difference compensation filter of an 

embodiment 28. 

FIG. 95 shows frequency characteristic of a speed difference 

compensation filter of an embodiment 28. 

FIG~ 96 is a block diagram of a speed difference compensation filter for 

digital system of an embodiment 28. 

FIG. 97 is a block diagram of a speed difference compensation filter of an 

embodiment 29. 

FIG. 98 shows frequency characteristic of a speed difference 

compensation filter of an embodiment 29. 

FIG. 99 is a block diagram of a speed difference compensation filter for 

digital system of an embodiment 29. 

FIG. 100 is a block diagram of a thirtieth embo~iment of the present 

invention which shows a general construction a brushless motor driving 

device. 

FIG. 101 shows a construction of a speed difference detecting circuit of 

an embodiment 30. 

FIG. 102 is a block diagram of a PI filter of an embodiment 31. 

FIG. 103 is a signal waveform which explains an operation of a driving 

circuit for the brushless motor of an. embodiment 32. 

FIG. 104 is a block diagram of a thirty third second embodiment of the 

present invention which shows a general construction a brushless motor 

driving device. 

FIG. 105 shows a construction of a speed difference compensation filter 

of an embodiment 33. 

FIG. 106 is a block diagram of a thirty fourth embodiment of the present 

· invention which shows a general construction a brushless motor driving 

device. 
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FIG. 107 shows a pulse selection circuit of embodiment 34. 
FIG. 108 is a timing chart which explains an operation of embodiment 34. 

. . 

FIG. 109 is a timing chart which explains an operation of embodiment 34. 
FIG. 110 is a block diagram of a thirty fifth embodiment of the present 

invention which shows a general construction a brushless motor driving 
device. 

FIG. 111 shows a logic circuit in trapezoid driving signal generating 
circuit. 

. FIG. 1 ~2 shows a construction of charging and discharging circuit of the 
embodiment 35. 

FIG. 113 is a timing chart which explains an operation of embodiment 35. 
FIG. 114 shows a construction_ of trapezoid wave combination circuit in 

trapezoid driving signal generating circuit. 
FIG. 115 is a block diagram of a thirty sixth embodiment of the present 

invention which shows a general construction a brushless motor driving 
device. 

FIG. 116 shows a construction of charging and discharging circuit of the 
embodiment 36 .. 

. . 

FIG. 117 shows a signal wave which explains an operation of embodiment 
36. 

FIG. 118 is a block diagram of a thirty seventh embodiment of the 
·present invention which shows a general construction a brushless motor 
driving device. 

FIG. 119 shows a construction of comparator of the embodiment 37. 
FIG. 120 is a block diagram which shows a general construction of a 

conventional bnishless motor driving device~ 
FIG. 121 shows another general construction of a conventional brushless 

motor driving device and operation timing. 
FIG. 122 is a block diagram which shows· a speed control system of a 

conventional brushless motor drivirig device. 
FIG. 123 is a block diagram which shows a speed difference 

compensation filter of a conventional brushless ~otor driving device. 
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DETAR.ED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiment 1 

- In the prior art, when voltages of the annature windings of respective 

phases are d~tected, there occurs a phase delay during the detection. 
Therefore, in the present invention, an compensation voltage which is a 

· product of the load resistance and the current in an actual loading state is 
applied to the armature win~ings in order to obtain a terminal voltages at a 
correct phase in an actual loading state. Thus, the driving voltages of the 
armature windings of respective phases are generated. in the commutation 
circuit according to the winding the tenninal voltages. 

Further, in the present invention, equivalent motor speed -is detected from . 
the annature winding voltage of respectiv~ phases. This detected speed is 
feedbacked to the annature windings to control the rotor speed, which is 

· explained below. 
In this embodiment, a construction and an operation of the brushless 

motor driving device is explained. 
FIG. 1 is a block diagram of a first embodiment of the present invention 

which shows a general construction a brushless motor driving device. In FIG. 
1, the numerals 12, 13 and 14 denote the armature windings of neutral non­
grounding three phase star connection brushless motor, the numeral 11 denotes 
a bridge circuit which supplies predetermined driving currents to the armature 
windings 12, 13 and 14 by controlling driving transistor group TRl -TR6. 
We call the armature windings 12, 13 and 14 as U phase, V phase, and W 
phase, respectively, in the following, for convenience' sake. 

The numeral 1 denotes a tenninal voltage compensation circuit which 
compensates the tenninal voltages and outputs compensation terminal voltage 
signal la, lb and le. The numeral 2 denotes a comparator which compares the 
compensated the tenninal voltages of respective phases and obtain logic signals 
2a, 2b and 2c. The numeral 3 denotes a wavefonn shaping circuit which . 
obtains the rotor location signals 3a, 3b and 3c by shaping the wavefonn of 
logic signals 2a, 2b and 2c. The numeral 4 denotes a rotor location signal 
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generating circuit which comprises elements 1, 2 and 3. 
The ·numeral 5 denotes a tenninal where the motor rotation signal is 

inputted in order to enable the motor rotation, the numeral 6 denotes a pulse 

generating circuit, the numeral ·7 denotes a counter circuit, the numeral 8 

denotes a switching signal generating circuit, the numeral 9 denotes a 

commutation circuit The commutation circuit 9 outputs the driving signals 9a 

- 9f and controls to switch the driving transistor group TRI - TR6 according 

to a state of signal input of the rotor location s-ignal generating circuit 4, the 

terminal 5, the counter circuit 7, the .switching signal generating circuit 8 . 

. FIG. 2 shows a concrete construction example of a terminal voltage 

compensation circuit. In FIG. 2, the numerals 2 2- 34 denote npn transistor, 

·the numeral 35 denotes a pnp tra~istor, the numerals 36 - 56 denote resistors, 

the numerals 57 - 60 denote constant current sources. U phase tenninal 

voltage is inpputted to the base of the J)pn transistor 20, v phase tenninal 

voltage is inputted to the base of the npn transistor 25, W phase terminal 

voltage is inputted to the base of the npn transistor 30, and a voltage generated 

by the armature winding ohmic drop which is-applied to the base terminal 61 

is inputted to the pnp transistor 35. The numerals 62 - 67 denote terminals . 

where the compensation switching signal are inputted which switches terminal 

voltage. The compensated the tenninal voltages of respective phases are 

outputted as shown by numerals la, lb and le. 

FIG. 3 shows a concrete construction example of a comparator shown in 

FIG. 1. In FIG. 3, the numerals 70 - 81 denote resistors, the numerals 82 - 84 

denote differential amplifier circuit , the numerals 85 - 87 denote 

. comparators. Th~ Compensated U phase the terminal voltages la is applied to 

the non-inversion input terminal of differential amplifier circuit 82 and to the 

inversion input terminal differential amplifier circuit 83 through the resistors 

70 and 75, respectively~ The compensated V phase the tennirial voltages lb is 

applied to the non-inversion input tenninal of differential amplifier circuit 83 

and to the inversion input terminal differential amplifier circuit 84 through the 

resistors 74 and 79~ respectively. The compensated W phase the tenninal 

voltages 1 c is applied to the non-inversion input terminal of differential 
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amplifier circuit 84 and to the inversion input terminal differential amplifier 
circuit 82 through the .resistors 78 and 71, respectively. 

Inversion input terminals of the differential amplifier circuits 82, 83 and 

84 are connected to the output terminals of the differential amplifier circuits 

82, 83 and 84 through resistors 73, 77 and 81, respectively, and the outp_ut 

· terminals of the differential amplifier circuits 82, 83 and 84 are connected to 

non-inversion input terminals of comparator 85, 86 and 87. 

Further, a reference_ voltage Vref is inputted to the non-inversion input 

terminal of the differential amplifier circuit 82 and 83 and 84 and to the 

inversion input terminal of comparator 85, 86 and ·g7. The differential 

amplifier circuit 82 outputs a differential amplifier signal between I a and 1 b 

on both sides of the center voltage of Vref. This differential amplifier signal 

is compared with Vref in the comparator 85 and a logic signal 2a is obtained. 

In the similar process, the logic signals 2b and 2c can be obtained. 

FIG. 4 shows a relationship between terminal voltage waveforms of 

respective phases at no load state, logic signals 2a ,2b and 2c outputted from 

the comparator 2, and current supplying phase in case that the terminal 

voltages are not compen~ated. 
In an actual terminal voltage waveform at commutation, spike shaped 

voltage fluctuation is generated, but it is omitted here in order to simplify the 

explanation. At no load status, since a quantity of current supply is small, 

ohmic drop in the armature winding can not be neglected. Therefore, 
waveforms of the terminal voltage have a symmetry shape toward right and 

left direction as shown in FIG. 4 and a certain logic signal having a 
. . 

predetennined phase relationship with the rotor can be obtained. 

On the other hand, FIG. 5 shows a relationship between terminal voltage· 

waveforms of respective phases at load state, the logic signals 2a, 2b and 2c 

outputted from the comparator 2, and current supplying phase in case that the 

terminal voltages are not compensated: In the load state, since there is 

increased supplying currents, the effects of ~e ohmic drop in the armature 

windings can no be neglected. In the two the tenninal voltages in ·comparison, 

one is a current supplying phase, and another is. no current supplying phase. 
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For example, when the current supply is switched from V -+ W to U -+ 

W, the tenninal voltages of U and V phase are compared. At this time, V 

phase is a current supplying phase and U phase is no current supplying phase. 

The ohmic drop voltage is superposed to die terminal voltage waveform of the 
current supplying phase V. On the other hand, since the current does not flow 

in U phase, only counter electromotive voltage is generated at the terminal. 

Since the voltages of the bridge circuit is fixed to V cc, and the neutral point is 

not grounded, the neutral voltage deceases by only ohmic drop. Therefore, the 

actual tenninal voltage wavefonn is actually observed as a decreased the 

terminal voltages of no current supplying phase U. Accordingly, there is a 

shifting at the positions where the terminal voltage level of U phase and the 

terminal voltages of V phase are coincident, and then the logic signal 2b 

delays, for example in of FIG~ 5, in comparison with no-load state. 

In order to solve the above problem in which the phase delay is 

generated, in the present invention, the ohmic drop voltage is added to and 

subtracted from the tenninal voltages of current supply phase, and the terminal 

voltages are compared with each ~ther to obtain logic signals 2a, 2b and 2c. 

For example, at U phase, when the voltage is applied from U phas~ to V 

phase or W phase, the ohmic drop voltage is subtracted,. and when the voltage 

is applied from V phase or W phase to U phase, the ohmic drop voltage is 

added. 
An operation of the terminal v.oltage compensation circuit 1 is concretely 

explained using FIG. 2. Although FIG. 2, shows a terminal voltage 

compensation circuit of three phases for U, V, W, but the following 

explanation relates to only a terminal voltage compensation circuit of U·phase. 

First, in the following explanation, the terminal 62 and terminal 63 are 

assumed to be at H (high) level.. Since collector voltages of npn transistor 22, 

npn transistor 24 become zero, the emitter voltage of npn transistor 21, npn 

transistor 23 also become zero, .therefore, the current does riot flow in the· 

resistor 37 and the resistor 40. Accordingly, the current which flows in the 

resistor 36 (resistance value = Rl) is only i 1 ·which is supplied by a constant 
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current source 57. Therefore, the voltage which is observed at U phase output 

terminal of the terminal voltage compensation circuit becomes a voltage which 

subtracts the voltage between base-emitter (Vbe ) of the transistor 20 and the 

ohmic drop voltage in the resistor 36 from the input voltage of the terminal 

voltage compensation circuit such as indicated by the equation (1). 

la = U - Vbe - Rl x it (1) 

Next, the terminal 62 and terminal 63 are assumed to be at L (low) level. . 
Assume that a voltage Vir is applied to the terminal 61. Then, since 

collector voltages of npn transistor 22, npn transistor 24 become Vir + Vt>e, the 

emitter voltage of npn transistor 21, npn transistor 23 also become Vir, 

therefore, the current flowing in the resistor 37 (resistance value= R2) 

and the resistor 40 (resistance value= R2) is Vir I R2, respectively. 

Accordingly, the current which flows in the resistor 36 is i1 which is supplied 

by a constant current source 57 plus a current which flows in the resistors 37, 

40. Therefore, the voltage which is observed at U phase output terminal of the 

terminal voltage compensation circuit becomes below such as indicated by the 

equation (2). 

· la = U - V be - RI x it - 2 Rl x Vir I R2 (2) 

When the terminal 62 is H level and the terminal 63 is at L level, or the 

tenninal 62 is at L level and the tenninal 63 are set to H level, since a current 

Vir I R2 flows only either of the resistor 37 or the resistor 40, the voltage 

which is observed at U phase output terminal of the terminal voltage 

compensation circuit becomes below such as indicated by the equation (3) . . 

1 a = U - V be - R 1 x i 1 - Rl x V ir I R2 (3) 
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Finally, when the ohmic drop voltage is to be added (V-+ U, W-+ U), 

the terminal 62 and the terminal 63 is set to H level, and when the ohmic drop 

voltage is to be subtracted (U -+ V, U -+ W), the terminal 62 and the terminal 

63 can be set to L level in order to compensate the terminal voltages. 

Further, when U phase need not to be compensate (V -+ W, W -+ V), the 

terminal 62 cail be set to H level and the terminal 63 can be set to L level, or 

the terminal 62 is set to L level and the tenninal 63 is set to H level. 

and when the ohmic drop voltage is to be subtracted (U ~ V, U -+ W), the 

terminal 62 and the tenninal 63 are set to L level in order to compensate the 

terminal voltages. 

Similarly, in the V p~ase, when the ohmic drop voltage is to be added (U 

-+ V, W -+ V), the terminal 64 and the terminal 65 is set to H level, and when 

the ohmic drop voltage is to be subtracted (V.:.+u, V-+ W), the terminal 64 

· and the terminal 65 can be set to L level in order to compensate the terminal 

voltages. 

Further, when V phase need not to be compensate (U-+ W, W-+ U), the 

terminal 64 can be set to H level and the terminal 65 can be set to L level, or 

the terminal 64 is set to L level and the terminal 65 is set to H level. 

Similarly, in the W phase, when the ohmic ·4rop voltage is to be added (U 

-+ W, V -+ W),, the terminal 66 and the tenninal 67 are set to H level, and 

when the ohmic drop voltage is to be subtracted ( W-+ U, W-+ V), the 

terminal 66 and the terminal 67 can be set to L level in order to compensate 

the terminal voltages. 

Further, when W phase need not to be compensate ( U -+ V, V -+ U), the 

terminal 66 can· be set to H level and the terminal 67 can be set to L level, or 

the terminal 66 is set to L level and the tenninal 67 is set to H level. 

FIG. 6 (b) shows a time chart having a relationship between the curren_t 

supplying phase and the compensation switching signal inputted into the 

terminals 62 - 67. 
FIG. 6 (a) shows a detailed ci~cuit diagram of concrete compensation 
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switching signal generating circuit 16 in which the detected winding the 
tenninal voltages are compensated by the product of the resistor and current 

only during actual driving period .. 

In this embodiment, the rotor location ~ignais 3a, 3b and 3c are applied to 

input terminal of the concrete compensation switching signal generating circuit 

16, and resultant output signals shown in FIG. 6 (b) are supplied to the 

tenninals 62 - 67 of the terminal voltage compensation circuit 1 after logical 

operation by the combination of the fogical elements in the compensation 

switching signal generating circuit 16. 
Further, as shown in FIG. l, since the current control circuit 211 and the· 

buffer amplifier 212, the resistor 213, the.driving transistor 214 control the 

armature currents, the output of the control circuit 211 is applied to the 

terminal 61 of terminal voltage compensation circuit 1. 
The current control circuit 211 detects a difference between the actual 

rotation speed obtained from the logic pulse signal 201 and the indicated . 

rotation speed to control the armature current so that detected difference 

becomes zero. 

Further, three phase brushle.ss motor is explained above in this 

embodiment, but _it is apparent that the invention can be applied to a brushless 

~otor having more than three phases. The means which is constituted of 

transistor circuit in this embodiment may be constituted by Operational (OP) 
amplifier and digital integrated circuit. 

Embodiment 2 

In the prior art, when voltages of the armature windings of respective 

phases are detected, there occurs a phase delay during the de~ction. 

Therefore, in the present invention, an ~ompensation voltage which is a 

product of the load resistance and the ·current in an actual loading state is 

applied to the voltage difference of the armature windings of respective phase 

in order to obtain a terminal voltages at a correct phase in an actual loading 

state. Thus, the deriving signals of the annature windings of respective phases 

are generated in the commutation circuit according to the winding the tenninal 
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voltages. 
In this embodiment, a construction and an operation of the brushless 

motor driving device is explained. 
FIG. 8 is a block diagram of a sec~nd embodiment of the present 

invention which shows a general construction a brushless motor driving 
device. In FIG. 8, the same elements are shown by the same numerals of the 
embodiment 1 in FIG. 1. The numeral 100 denotes an inter-terminal voltage 
com~nsation circuit which compensates the voltage between the terminals, and 
outputs inter-terminal compensation voltage signals lOOa -·1oor. The numeral 
101 den~tes a comparator which obtains logic signals lOla, IO lb and !Ole by 
comparing the compensated voltages between the tenninals. The numeral 102 
denotes a rotor location sigr_ml generating circuit which includes the inter­
tenninal voltage compensation circuit 1(_)0, the.comparator 101 and a 

. waveform shaping circuit 3. 
FIG. 9 shows a concrete inter-terminal voltage compensation circuits 100. 

In FIG. 9, the numerals 110-127 denote npn transistors, the numeral 128 
denotes a pnp transistor, the numerals 129 -155 denote resistors, the numerals 
156 -162 denote constant current sources. U phase the terminal voltages are 
applied to bases of the npn transistors 110 and 117, respectively, V phase the 
terminal voltages are applied to bases of the npn transistors 116 and 123, 
respectively, W phase the terminal voltages are applied to bases of the npn 
transistors 111 and 122, respectively. the armature winding ohmic drop is 
applied to the terminal 163 which is connected to the base of pnp transistoR 
128 .. The numerals 164 - 169 denote tenninals where the compensation 
switching signals for switching voltage between the terminals are applied. The 
compensated inter-tenninal voltage is outputted to lOOa - lOOf. 

A concrete operation of the inter-terminal voltage compensation circuit is 
explained below. In FIG. 9, lets assume the power supply voltage is Vee, 
ohmic value of resistors 129, 131, 138, 140, 147 and 149 is R3, ohmic value of 
resistors 130, 139 and 148 are R4, ohmic value of resistors 134, 135, 143, 

144, 152 and 153 are RS, current value supplied by constant current sources 
156, 157 and 159 - 162 are i2, base current of npn transistor is ib, voltage 
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inputted into terminal 163 is V ir· 
• 

First, the te~inal 164 being at H level is considered. The emitter 
·voltage of the npn transistor 113 becomes zero volt, then the current does not 
flow in the resistor 134. In the resistor 130, a current of (U-W) I R4 flows 
from the emitter terminal of npn transistor 110 toward the emitter terminal of 
npn transistor 111. 

Accordingly, the current which flow in the resistor 129 is I 2 + (U-W) I 
R4 - ib, then the output lOOa outputted from the inter-tenninal voltage · 

compensation circuits 100 is given by the equa.tion (4). 

lOOa =Vee - R3 x {i 2 + (U - W) I R4 - ib } (4) 

On the other hand, when the terminal 164 is at L level, the current Vir I 
R5 flows in the resistor 134 then the output lOOa outputted from the inter­
terminal voltage compensation circuits 100 is given by the equation (5). 

1 OOa = V cc - R3 x { i 2 + (U - W) I R4 + Vir I RS - ib } (5) 

Considering the other inter-terminal voltage in the similar way, the 
relationship between the logic level of terminals 164 ~ 169 and the outputs 
lOOa - lOOf is shown in FIG. 10 . 

. FIG. 11 shows a concrete. construction example of a comparator 101 of 
the embodiment 2. In FIG. 11, the numerals 170 - 172 denote c.omparators. 
The comparator 170 compares lOOb with lOOa and outputs a logic signal IOia, 
the comparator 171 compares lOOd with lOOc and outputs a logic signal lOlb, 
and the comparator 172 compares lOOf with lOOe and· outputs a logic signal 
I Ole. 

The concrete operation of the comparator 101 is considered below. 
When the terminal 164 and terminal 165 are at H levels., the comparator 170 

outputs a logic signal I Ola of U > W. When the tenninal 164 is at L level and 

the terminal 165 is at H level, the comparator 170 outputs a logic signal lOla 



37 

of {U + R4 x Vir I (2 x RS)} > W. Adversely, when the terminal 164 is at H 

level and the terminal 165 is at L level, the comparator 170 outputs a logic 

signal !Ola of {U - R4 x Vir/ (2 x RS)}> W. 

As is shown in FIG. 4, the rotor location is detected by the coincidence of 

the terminal voltages of W phase and U phase at' the time when switching 

current supply from U -+ V to W -+ V and at the time when switching current 

supply from V -+ U to V -+ W. But, since U pha:se is a current supplying 

phase and a W phase is a non-current supplying phase, an ohmic drop voltage 

is superposed to the U phase terminal voltage at both cases. Accordingly, it is 

necessary to compensate the ·ohmic drop voltage from U phase terminal voltage 

at a comparing point . When current supply is switched from U -+ V to W -+ 

V, it is necessary to subtracts an ohmic drop voltage from U phase the terminal 

voltages. When current supply is switched from V-+ U to V-+ W, it is 

ne~ssary to adds an ohmic drop voltage to U phase the terminal voltages. 

Accordingly, if R4 and RS are set so that (R4 x Vir I (2 x RS) is to be an 

armature winding ohmic drop voltage, and terminal 164 is set to H level and 

the terminal 16S is set to L level at U -+ V current supply, or the terminal 164 

is set to L level and the terminal 165 is set to H level at V -+ U current supply, 

(he comparator 101 compares U phase tenninal voltage with W phase tenninal 

voltage· in which the ohmic drop are compensated, then outputs the logic signal 

lOla. Accordingly, the same effect may be obtained in comparison with the 

embodiment 1. 

_ It is possible to consider the other inter-terminal voltage in a similar 

way. H the terminal 166 is set to H level and the termin~l 167 is set to L level 

at V-+ W current supply, or the terminal 1~6 is set to L level and the terminal 

167 is set to H level at W-+ V current supply, the terminal 168 is set to H 

level and th~ terminal 169 is set to L level at W -+ U current supply, or the 

terminal 168 is set to L level and the tenninal 169 is set to H level at U -+ W 

current supply, it is possible to get a similar effect in comparison with the 

embodiment 1. FIG~ 12 shows a relationship between the current supplying 
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phase and the compensation switching signal inputted into the terminals 164 -
169. 

Embodiment 3 

In this third embodiment, the voltages of the armature windings of 

respective phases are detected as described in the embodiment 1, an 

compensation voltage which is a product of th,e load resistance and a current in 

an actual loading stare is applied to the armature windings of respective phase . 

· · in order to obtain a tenninal voltages at ·a correct phase in an actual loading 

state. Thus, the deriving signals of the armature windings of respective phases 

are generated. In the present embodiment, the above the driving signals is 

used as a compensation switching signal. 

An operation of the brushless motor driving device of the present 

embodiment is explained below. 

FIG. 13 is a block diagram of a third embodiment of the present 

invention which shows a general construction a bru~hless motor driving 

device. In FIG. 13, the same elements are shown by the same numerals of the 

embodiment 1 in FIG. 1. In this embodiment, the driving signals 9a, 9b, 9c, 

9d, 9e and 9f are inputted into· the terminal 63, tenninal 65, terminal 67, 

terminal 62, terminal 64 and terminal 66 of the terminal voltage compensation 

circuit 1, respectively. 

The compensation switching signal of the embodiment 1 shown in FIG. 6 

is synchronized with the commutation. Accordingly, it. is possible to use the. 

driving signals for sequentially switching the driving transistors TRI -TR6 as 

compensation switching signals. FIG. 7 shows a relationship between the 

current supplying phase and the driving signals 9a - 9f of the bridge circuit 11 

such as shown in FIG. 1. The compensation switching signals for the tenninal 

62,· terminal 63, terminal 64, terminal 65, terminal 66 and ·the terminal 67 of 

FIG. 6 correspond to the driving signals 9d,. 9a, 9e, 9b, 9f and 9c, respectively.· 

Accordingly, it is possible to supply a brushless motor driving device of the 

present invention as an embodiment shown in FIG. 13. 
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Embodiment 4 

·This fourth embodiment. is an example whicl:i is C<?mbined by the 

embodiment 2 and embodintent 3. That is, in this third embodiment, the 

voltages of the armature windings of respective phases are detected as · 

described in the embodiment 1, an compensation voltage which is a product of 

the load resistance and a current in an actual loading state is applied to the 

voltage difference of respective phases in order to .obtain dei:Jvmg signals of 

respective phases in the compensation circuit at a correct phase in an actual 

loading ~tate. In the present embodiment, the above the compensation 

switching signals are obtained from the driving signal. 

FIG. 14 is a block diagram of a fourth embodiment of the present 

invention which shows a general construction a brushless motor driving 

device. In FIG. 14, the same elements are shown by the same numerals of the 

embodiment 2 in FIG. 8. · 

In the present embodiment, the driving signals 9a is inputted to. the 

terminal 165 and terminal 168 of the inter-terminal voltage compensation 

circuit 100, the driving signals 9b is inputted to the terminal 164, terminal 167 

of inter-terminal voltage compensation circuit 100 and the driving signals 9c is 

inputted to the terminal 166 and the terminal 169 of inter-terminal voltage 

compensation circuit 100 .. 

When the inter-terminal voltage is compensated, it is possible to use the 

driving signals which sequentially switching the driving transistors TRI ,_ 

TR6 as a compensation switching signal in a similar way as s~own in the 

embodiment 3. 

For example, the driving signals 9b, 9e may be used instead of the 

compensation switching signals inputted into the terminal 164, since they may 

be H level at U ~ V current supply, and L level at V ~ U current supply. It 

is also possible to us~ the compensation switching signals inputted into terminal 

165 instead of the driving signals 9a, 9d in the same way, the compensation 

switching signal inputted into tenninal 166 instead of the driving signals 9c, 9f, 

the compensation switching signals inputted into terminal 167 instead of the 



40 

driving signals 9b, 9e, the compensati_on .switching signals inputted into 

. terminal I 68 instead of the driving signals 9a, 9d, and the compensation 

switching signals inputted into tenninal 169 instead of the driving signals 9c, 

9f. Accordingly, it is ·possible to· supply a brushless motor driving device of 

the present invention as an embodiment shown in FIG. 14. 

Embodiment 5 

In this fifth embodiment, a current value for applying the compensation 

voltage which is a product of the load. resistance and a current in an actual 

loading state can be obtained by detecting the drop voltage· of a sensing resistor 

for load current detection. 

An operation of the brushless motor driving device of the present 

embodiment is explained below. 

FIG. 15 is a block diagram of a fifth embodiment of the present 

invention which shows a general construction a brushles~ motor driving 

device. In FIG~ _IS, the same elements are shown by the same numerals of the 

embodiment I in FIG. 1. In this embodiment, the common emitter termi~s 

of transistors TR4 - TR6 are connected to the tenninal 61 of the terininal 

voltage compensation Circuit I. 

In FIG. 15, the current flowing in the armature winding flows also 

through the resistor 10, sinee the resistor. IO is connected to the common 

. emitter terminal of the driving transistors TR4 - TR6. Accordingly, it is 

· p9ssible to detect current quantity flowing in the armature windings as a 

· voltage drop in the resistor 10. Assume that the current flowing in the 

armature windings is IL, ohmic value of the annature w_inding resistor for one 

phase is r, and ohmic value of the resistor IO is Rs, then the ohmic drop of the 

armature winding is IL x r, and the voltage inputted to the terminal 61_ is IL x 
Rs. Accordingly, since the voltage compensated at the terminal voltage 

compensation circuit is RI x IL x Rs I R2, then RI, R2 and Rs can be 

· determined so that this value is equal to IL x r. 
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Embodiment 6 

This sixth embodiment is an example in which the embodinient 5 is 

applied to the embodiment 2, which is explained below. 

FIG. 16 is a block diagram of a sixth embodiment of the present 

invention which shows a general construction a brushless motor driving 

device. In FIG. 16, the same elements are shown by the same numerals of the 

embodiment 2 in FIG. 8. In this embodiment, the common emitter terminals 

oftransistors TR4 -TR6 are connected to the terminal 163 of the inter­

terminal voltage compensation circuit 100. 

In case of compensating the inter-terminal voltage, it is also possible to 

detect an armature winding ohmic drop voltage from the emitter terminals of 

the transistors TR4 -TR6 i:n a similar way as described in the embodiment 5. 
Accordingly, it is possible to supply a brushless motor driving device of the 

present invention as an embodiment shown in FIG. 16. 

Embodiment 7 

In the above embodiments, the current waveforms are described as ideal 

waveforms which have no distortion. But, in an actual waveform, noises, for 

example, spike shaped noise as shown in FIG. 18, are superposed to the ideal 

waveform, and the operation accompanies chattering. The present invention 

can be applied to such waveforms to normally operate in such condition. In 

the present invention, the detected signal waveform is shaped to a correct 

stable waveform in the waveform shaping circuit and then the compensation 

circuit is operated. 

FIG. 17 shows a concrete construction example of a wavefonn shaping 

circuit 3. In FIG. 17, the ·numeral 180 denotes a latch circuit, the numerals 

181-186 denote a D flip-flops, the numerals 187 ~ 189 denote EORcircuits, 

the numeral 190. denotes an OR circuit, and the numeral 191 denotes a 

monostable multivibrator. 

FIG. 18 shows ierminal voltage waveforms in the normal rotation s~te 

and signal waveforms at respective portions of the waveform shaping circuit. 

FIG. 19 shows enlarged portions between the time points TO -Tl of FIG. 18. 
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The concrete operation of the wavefonn shaping circuit is explained in 
reference to FIG. 18 and FIG. 19. 

Input signals inputted to the waveform shaping circuit 3 are logic signals 

2a, 2b and 2c or lOla, lOlb and lOlc which are outputted from the 

comparator 2 or comparator 101, respectively. 
. . 

In the embodiment 1, or in the embodiment 2, spike shaped voltage 

fluctuation has been neglected so far which is superposed to the terminal 

voltage waveform and generated when switching the driving transistors. But, 

actually, since the terminal voltage waveform includes spike shaped voltage 

fluctuation, the voltage fluctuation remains in the terminal voltage waveform 

which is obtained by compensating the armature winding ohmic drop. 

Accordingly, the' logic signals 2a, 2b and 2c,. which are obtained by comparing 

the terminal voltages., contains spi~e shaped noise as shown in FIG. 18. 

~irst, this logic signal is inputted into latch circuit 180. The latch circuit 

180 is a cfrcuit fo~ carrying out latching operation according to a state of 

enable terminal 180a , which outputs the input data as it is when the. enable 

terminal 180a is at H level. When the enable terminal 180a changes its state to 

L ~evel, the input data is latched, and the latch circuit 180 continues to output 

the latched data during the terminal 180a is at L level. In an initial eondition, 

the terminal 180a of the latch circuit 180 is at H level, then the logic signals 2a, 

2b and 2c are inputted into the respective D flip-flops 181, 183 and 185 as it is. 

The D flip-flops 181 - 186 and EOR circuits 187 - 189 comprise a both.edged 

differen~iation circuit, respectively. The EOR circuit 187 - 189 output 

differential pulse at the timing of rising and falling edges of the logic signals 

2a, 2b and 2c. 

At the timing point of T2, when compensated the terminal voltages 1 a and 

le coincident and the polarity of 2a changes, the both edged differentiation 

circuit detects edges to generate a differential pulse 203. The output signals 

187 - 1.89 of EOR circuit is summed in the OR circuit 190 to make a logic 

pulse signal 201 and inputted into the monostable multivibrator 191. The 

monostable multivibrator 191 trigge~ a rising edge of the logic pulse signal · 

20 I and outputs a pulse 204 of L level during a predetermined period T3. The 
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pulse 204 is inputted into the enable tenninal l80a of the latch circuit. After 

the enable terminal I 80a becomes L level, -the latch circuit 180 latches the logic 

signals 2a, 2b and 2c and continues to output latched data during the latch pulse 

204 is at L level. 

The respective output signals 195, 196 and 197 of the D flip-flops 182, 

184 and 186 is wavefonn shaped the rotor location s~gnals 3a ,3b and 3c and 

inputted into the commutation circuit 9 ofnext.stage. When the commutation 

operation is carried out in the commutation circuit 9, the driving transistors 

operates the switching. Therefore, spike shaped voltage fluctuation is 

generated in the U phase terminal voltage wavefonn. As a result, spike shaped 

noise 205 is generated at undesirable location as shown in 2b of FIG. 18. But, 

at the timing point where the spike shaped noise 205 is generated, the data 

input to the latch circuit is disabled by the pulse 204 transmitted from the 

monostable multivibrator 191. Accordingly, spike shaped noise 205 is masked 

in the latch circuit 180~ then the spike shaped noise is not included in the 

wavefonn-shaped the rotor location signals 3a, _3b and 3c. 

Jn the above mentioned waveform shaping circuit 3, a logic pulse signal 

201 outputted from the OR circuit 190 has a predetennined int~ival between 

respective pulse at a nonnal rotation. Accordingly, it is possible to use this 

. logic pulse signal 201 as a speed signal for controlling the rotation speed. 

Further, although an example of three phase brushless motor was 

explained in this embodiment; but it is apparent that this invention can be 

applied generally to· a brushless motor having a plurality of ·phases. 

Embodiment 8 

In the eighth embodiment, an example of a brushless motor is explained 

which is not influenced by the load at a starting and also stably started in a 

short time. 

That is, the driving is carried out by the coi:nbined signal which is 

obtained from the detected voltage of respective phases at starting. Concretely 
. . 

stated, the location signal of the rotor is detected from the winding voltage· of · 

respective phases of the. brushless motor, then. rising and falling edge signals of 
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the rotor location signal are detected and selected to obtain a necessary.edge 

signal. Further, necessary edge signal is counted to obtain a driving signals 

which is applied to the armature windings of respective phases at starting. 

Further, if this input signal can not be applied.for a predetermined period, a 

certain the driving signals is applied forcefully. 

FIG. 20 is a block diagram of an eighth embodiment of the present 

invention which shows a general construction a brushless motor driving 

device. In FIG. 20, the numeral 9 denotes a commutation circuit for 

outputting the driving signals 9a, 9b, 9c, 9d, 9e and 9f, the numeral 11 denotes 

a bridge circuit for supplying a current to a predetermined phase of the 

brushless motor, the numeral 4 denotes a rotor location signal generating 

circuit for generating the location signals 3a, 3b and. 3c from respective 

terminal voltages of the brushless motor. The numeral 7 denotes a counter 

circuit for generating a necessary edge signal by detecting. and selecting the 

rising and falling edges of the location signals 3a, 3b and 3c and for counting 

the necessary edge signal, the numeral 6 denotes a pulse generating circuit for 

outputting a pseudo pulse 6a. · 
' . 

The operation of th:e embodiment. is explained below. The motor rotation 

signal Sa is inputted from outside, wh_ich indicates "rotation" at "enable" state 

and "stop" at "disable" state. In this embodiment, "enable" indicates H level 

and '-'disable" indicates L level. 

In FIG. 20, the motor rotatiOn signal 5a is connected to the commutation 

circuit 9 and the counter circuit 7. the driviI?g signals 9a, _9b, 9c, 9d, 9e .and 9f 
which are outputted from the commutation circuit 9 are connected to the bases 

of respective transistors TRl, TR2, TR3, TR4, TR5 and TR6. In this 

embodiment, the transistors TRl, TR2 and.TR3 are comprised ofpnp type 
. . . 

transistors, and the transistors TR4, TR5 and TR6 are comprised of npn type 

transistors. the emitters of tran.sistors TRl, TR2 and TR3 are connected to the 

. power supply, th~ collectors are connected to collectors of respective 

transistors TR4, TR5 arid TR6, the emitters of the transistors TR4, .TRS and 

·TR6 are connected the ground through the resistor 10. The ·bridge ci~cuit 11 

is comprised of these transistor groups TRI - TR6. 
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The collectors of transistors TRI, TR2, TR3, TR4, TR5 and TR6 are 

connected with respective tenninals ( U phase, V phase and W phase ) of the 

armature windings of three phase brushless motor which is connected by star 

connection. Accordingly, by carrying out on - off operation for respective 

transistors, current is supplied to respective annature windings. FIG. 21 

shows a current relation ship between the driving signals 9a, 9b, 9c, 9d, 9e ~d 

9f of the present embodiment. FIG. 21 is a table which indicates FIG. 7. In 
FIG. 21, ifthe current supplying is switched sequentially as shown in the 

. . 

arrow direction, the rotor continues. to ~otate. 

Each tenninal of the armature windings connected to the bridge circuit 11 

is also connected to ~e rotor location signal generating circuit 4 .. The rotor 

location signal generating circuit 4 generates three bits location signals 3a, 3b · 

and 3c from the tenninal voltages U, V and W of the respective U phase, V 

phase and W phase. ~G. 22 shows a logical relation between the driving 

signals 9a, 9b, 9c, 9d, 9e and 9f and the location signals 3a, 3b and 3c of the 

present invention. The location signals 3a, 3b and 3c outputted from the rotor 

location signal generating circuit 4 are inputted into the counter circuit 7. 

FIG. 23 shows a concrete construction of a counter circuit 7. The . . 

location signals 3a, 3b and .3c are inputted into the rising edge detecting 

circuits 250, 252 and 254 and the falling edge detecting circuit 251, 253 and 

255. The rising edge detecting circuits 250, 252 and 254 output rising the 

edge pulses 250a, 252a and 254a, and the falling edge detecting circuits output 

the falling the edge pulses 251a, 253a and 255a, respectively. The detected the 

edge pulses 250a, 252a, 254a, 25la, 253a and 255a are inputted into the pulse 

. selection circuit 256. 

The pseudo pulse 6a outputted from the generating circuit. 6 as shown in 

FIG. 20 is also inputted into the pulse selection circuit 256. The pulse train 7d 

which is outputted from the pulse selection circuit 256 is input into the 

counter. In this embodiment 8, the counter pulse train 7 d is counted by the 
·· · hexa counter 257. 

FIG. 24 shows a logical relationship between the pulse number mputted 

into the hexa counter 257 and its output number of this embodiment. In FIG. 
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24, in case that the input pulses are more than 6, the count numbers 7a, 7b and 

7c are counted again from L - L - L level, respectively. The pulse train 7d is 

inputted into the generating· circuit 6 from the counter circuit 7 as shown in 
FIG. 20. The count numbers 7a, 7b and. 7c outputted from the hexa counter 

257 are inputted into the pulse selection circuit 256 in the counter circuit 7 and 

also into·the commutation circuit 9 in FIG. 20. The pulse selection circuit 256 

refers the current the count numbers 7 a, 7b and 7 c and .outputs an edge pulse 
. . 

· of theoretical location signal which should be detected next at normal rotation 

or a pseudo pulse 6a . 
.. 

FIG. 25 shows a relationship between the count numbers 7a, 7b and 7c 

and the edge pulse 250a, 252a, 254a, 25la, 253a and 255a of theoretical 

location signals which should be detected next at normal rotation. From FIG. 

25, for example, the count numbers 7a, 7b and 7c is at L :-- ~ - L level, only the 

edge pulse 253a is outputted and other the edge pulse 250a, for example, is not 

output. But, the pseudo pulse .6a is qutputted irrespective of the count numbers 

7a, 7b and 7c. 

FIG. 26 shows a concrete construction exarriple of a pulse generating 

circuit 6.. The pulse generating circuit 6 comprises a 1:"etrigarable one-shot 260 

and a rising edge detecting circuit 261. The pulse train 7d which is outputted 

from the puise selection circuit 256 is inputted into a retrigarable one-shot 

260. Output 260a of the retrigarable one-shot 260 is inputted into the rising 

edge detecting circuit 261. The rising edge detecting circuit 261 detects a 

·rising edge of output 260a of the retrigarable one-shot 260 and outputs a 

pseudo pulse 6a as similar way as the rising ·edge detecting circuit 250, 252 and 

254 arranged in the counter circuit 7. 

In such a construction, when the p~lse train 7 d is inputted into the 

retrigarable one-shot 260. within the predetermined period, the retrigarable 

one-shot 260 is cleared, theref pre the output 260a does not change its state. 

Accordingly, the pseudo pulse 6a is not outputted. But,. when the pulse train 

7d is not inputted into the.retrigarable one-shot 260 within the predetennined 

period, the output 260a of the retrigarable one-shot 260 is changed from L 

state to H state. Therefore, the pulse generating circuit 6 outputs a pseudo 

• 
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pulse 6a by detecting the rising edge. 
In this embodiment, ~e pulse generating circuit 6 is constructed such as 

when retrigarable one-shot 260 is. cleared, the output 260a is L state and when 

the pulse train .7d is not inputted within a predetermined period, the output is H 

state. But it is possi}?le to construct a pulse generating cireuit 6, using a falling 

eqge detecting circuit, such as when retrigarable one-shot 260 is cleared and, 

the.output 260a is H state and when the pulse train 7d is not inputted within a 

predetermined period, the. output is L state. Even the latter case, a similar the 

pseudo pulse 6a is obtained. 

The commutation circuit 9 sets the driving signals 9d, 9e and. 9f to L state 

and the driving signals .9a, 9b and 9c to H state when the motor rotation signal 

Sa is at L state, and causes the trarisistor group of the bridge circuit 11 to off 

state and causes the brushless motor to n<?-current supplying state. 

Next, in the starting mode just after the motor rotation signal 5a became 

H state, the driving signals 9a, 9b, 9c, 9d, 9e and 9f are outputted by 

combining the count numbers 7 a, 7b and 7 c so that the rotor rotates toward a 

normal direction. 

FIG. 27 shows a combination eX;ample between the .driving signals 9a, 9b, 

9c, 9d, 9e and 9f and the count numbers 7 a, 7b. and 7 c of the counter circuit 7 

of the present embodiment. In FIG. 27, if the driving signais 9a, 9b, 9c, 9d, 

9e and 9f are switched to the arrow direction, the rotor rotates toward a 

normal direction. 

An operation of a brushless motor of the eighth embodiment is explained 

below. Just after the motor rotation signal Sa: became H state, since ~e count 

numbers 7a, 7b and 7c becomes L - L - L state, respectively, the driving 

signals 9b becomes L state from FIG. 27, and the driving signals 9f becomes H 

state, current is supplied to V-W phase as shown in FIG. 21. At this time,. 

there are three modes, that is, the rotor of the brushless motor rotates toward 

normal direction and the location s~gnal changes, the rotor rotates toward 

reverse direction and the location signal changes or the rotor stops at the 

current supply stability point and the location signal does not change. 

First, the mode in which the rotor rotates toward normal rotational 
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direction is explained. FIG. 28 shows respective portions of signal waveforins 
when the rotor rotates toward normal rotational direction. When the current 

is supplied to V-W phase, the location signals 3a, 3b ~d 3c become H - H - L 

states as shown in FIG. 21 and FIG. 22. Since the count numbers 7a, 7b and 7c 

are L - L-- L state at this time, the hexa counter 257 does not count so long as 

the edge pulse 253a or the pseudo pulse 6a is not detected as shown in FIG. 25. 

When the rotor rotate~ further toward normal rotational direction by inertia , 

the tenninal voltages U, V, W change.by the counter electromotive force 

which is induced in the' armature winding, the location signals 3a, 3b and 3c 

becomes H - L - L state, then the edge pulse 253a is detected as -shown in FIG. 

28 (A). 

Accordingly, the hexa counter 257-is counted up, then the count numbers_ 

7a, 7b and 7c become H - L - L states, the comm:utation circuit 9 set the -

driving signals 9a, 9b, 9c, 9d, 9e and 9f to L - H - H - L - L - H states, 

respectively, so that a current is supplied to U-W phase as shown in FIG. 21 

and FIG. 27. After then the brushless motor is accelerated by switching the 

current sequentially until the rotation speed reache~ to a normal value by 

referring the combination of the count numbers 7 a, 7b and 7 c according to the 

relation shown in FIG. 27. 

Next, a mode in which the retor rotates toward reverse direction and then 

the location signal changed is explained using FIG. 29. FIG. 29 shows 

respective portions of signal waveforms when the rotor rotates toward reverse 

direction. 

When the rotor rotates toward reverse rotational- direction location signal 

3a changes and the edge pulse 251a is detected as shown in FIG. 29 (B), but the 
.. 

hexa counter 257 is not counted-up since the edge pulse 253a is not detected as 

described above. 

Further, the edge pulse 253a can not be detected wit~in a predetennined 

period t~, a pseudo pulse 6a is outputted from the pulse generating circuit 6_as 

shown in FIG. 29 (C). The hexa counter 257 counts up the pseudo pulse 6a 

and the count ~umbers 7a, 7b and 7c change to H - L - L states. The 

commutation circu_i~ 9 sets the driving signals 9a, 9b, 9c, 9_d, 9e and-9fto L - H 
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- H - L - L - H states so that current is supplied to U"'. W phase as shown in FIG. 
21 and FIG. 27. Thereby, the rotor rotates toward nonnaJ. rotational 
direction, after then the brushless motor is accelerated by switching the current 
sequentially until the rotation speed reaches to a normal value by referring the 
combination of the count numbers 7a, 7b and 7c_according to the relation 
shown in FIG. 27. 

Further a mode in which the roror stops at the current supply stability 
point and the location signal does not change is explained below. In the similar 
way as described in the mode of the abov~ reverse rotation, since the edge 

. pulse 253a can not be detected within a predetennined period ti, a pseudo · 

pulse 6a is outputted from the pulse generating circuit 6. The hexa counter 
257 also counts up the pseudo pulse 6a. As a res_ult, that current is supplied to 
U-W phase as shown in FIG. 21 and FIG. 27. After then the brushless motor 
is accelerated by switching the current sequentially until the rotation speed 
reaches to a nonnal value by referring the combination of the· count numbers 
7a, 7b and 7c according to the relation shown in FIG. 27. 

Embodiment 9 
·An operation of the brushl~ss motor which restarts ~tably in a short time 

without influenced by the lQad at a starting even when the brushless motor 
stops by some reasons and needs to restart. Concretely stating, in this 

· embodiment, the apparatus of the ·invention· detects a location signal of the 
rotor from winding voltages· at respective phases of the brushless motor and 
obtains a necessary edge signal by detecting and selecting a rising edge or a 
falling edge of the rotor loc~tion signal, further proving a nonnal rotation 
detecting circuit for monitoring the motor rotation in combination with- the 
necessary edge signal. When abnonnal state is detected, the edge signals are 
counted and the counted resultant is used as a forcefully supplied driving signal 
to the annature winding· of respective phases at restarting. 

FIG. 30 is a block diagram of a ninth ~mbodiment of the present 
invention which shows a general construction a brushless motor driving 
device. Since the bridge circuit 11, the rotor location signal generating circuit 
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. 4, the counter circuit 7, the pulse generating circuit 6 are simil~r to the 
embodiment 8, the description is omitted. ·The nume~ 265 denotes a nonnal 
rotation detecting circuit for comparing the count numbers 7a, 7b and 7c with 
the location signals 3a, 3b and 3c. 

In this embodiment, the location signals 3a, 3b and 3c are also inputted 
into the commutation circuit 9. The commutation circuit 9 outputs the driving 

· signals 9a, 9b, 9c, 9d, 9e and 9f in combination with the count numbers 7a, 7b 
and 7c at starting mode, and outputs the driving signals 9a, 9b, 9c, 9d, 9e and 
9f in combination with the location signals 3a, . .3b and 3c during a normal 
rotation, in a similar way as the embodiment ~- ~e location signals 3a, 3b 
and 3c and the count numbers 7a, 7b and 7c are also inputted into the nonnal 
rotatio~ detecting circuit 265. 

The normal rotation det~cting circuit 265 compares the location signals 
3a, 3b and 3c with the count numbers 7a, 7b and 7c after a predetennined time 
and after the count niimbers are changed duririg a normal rotation state. FIG. 
31 shows a theoretical logical relationship between the location Signals 3a, 3b 
and 3c and the count numbers 7a, 7b and 7c in this embodiment. When the 
combination is not the ones shown in FIG. 31, the restart pulse 265a is 
outputted into the commutation circuit 9. 

An operation where the rotor stops by any load during a nonnal rotation 
is explained using FIG. 32 .. In FIG. 32 , lets ·assume that the rotor stopped 
after timing (D). In this case, after a predetermined time ti has passed from a 

pulse (ol) generation in the circuit 6, a pseudo pulse (p2) is outputted from the 
pulse generating circuit 6. 

The pseudo pulse ( p2) is output by the pulse selection circuit 256 as 

pulses (o2) in a pulse train 7d, the count numbers 7a, 7b and 7c change their 
states from L -. iI - L to L - L - H according to the logical relation example of 
FIG. 24. During a normal rotation, as described above, since the driving 
signals 9a, 9b and 9c, 9d, 9e ~nd 9f is outputted by being combined with the 
location signals 3a, 3b and 3c, the ·current supplying phase are not switched 
even if the count numbers 7a, 7b and 7c are changed. After a predetenni~ed 



; 

51 

time t2 has passed from change of the count numbers 7a, 7b and 7c, the normal 

rotation detecting circuit 265 compares the location signals 3a, 3b and 3c and -
the count numbers 7a, 7b and 7c. 

In this case, since this combination is not a theoretical combination as· seen 
from FIG. 31, the nonnal ~otation detecting circuit 265 outputs a restartpulse 
(q3) and the mode changes to a starting mode. In the starting mode, as 
descrjbed above, since the starting_ signals 9a, 9b, 9c, 9d, 9e and 9f are 
outputted by being combined with the count numbers 7a, 7b and 7c, the 
driving signals 9a, 9b, 9c, 9d, 9e and 9f becomes H - H - L - L -.H - L and 
current supply is switched to cause the rotor to rotate toward normal rotational 
direction as shown-in FIG. 27. After that, as describe in embodiment 8, the 
current supply is sequentially switched by the combination of the count 
numbers 7a, -7b and 7c according to the relationship of FIG. 27, until normaI 
rotation is reached. 

Embodiment 10 
A motor driving circuit having a switching ~pparatus for switching from 

a starting or restarting operation to a normal operation is explained below. 
In this embodiment, a switching time is set and the rotation of the rotor is 

switched to a normal operation after a predetennined period. 
FIG. 33 is a block diagram of a tenth embodiment of the present 

invention which ~hows a general construction a brushless motor driving 
device. Since the bridge circuit 11, the rotor location signal generating circuit 
4, the counter circ~it 7, the pulse generating circuit 6, the normal rotat~on 
detecting circuit 265 are similar to the above eighth and ninth embodiments, 
the description is omitted. The numeral 8 denotes a switching signal 
_generating circuit which outputs a switching signal 8a for referring any. of the 
-count numbers 7a,-7b and 7c or the location signals 3a, 3b and 3c when 
outputting driving sigiials 9a, 9b, 9c, 9d, 9e and 9f in the commutation circuit 
9. The switching signal generating circuit 8 is explained below. 

In this embodiment, the·motor rotation signal Sa and the restart pulse 
265a are inputted into a switching signal generating circuit 8. The switching . 
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signal 8a is inputted into the commutation circuit 9. 
FIG. 34 shows a concrete switching signal generating circuit 8 of. 

embodiment 10. The switching signal generating circuit 8 is comprised of a 

timer 270 in this embodiment. FIG. 35 shows a timing chart for explaining an 

operation of the switching signal generating circuit of embodiment 10 . 

An operation of the switching signal generating circuit 8 of this 

embodiment is explained below usirig FIG. 35. In this embodiment, when the 

motor rotation signal Sa inputted into the timer 270 becomes H level, the timer 

270 is changed .to ON state, then the commutation circuit 9 outputs driving 

signals 9a, 9b, 9c, 9d, 9e and 9fby combining the count numbers 7a, 7b and 7c 

according to the relationship shown in FIG. 27. After a predetermined period 

to, the switching signal 8a changes from L to H, then the commutati~n circuit 9 

outpu~s the driving signals 9a, 9b, 9c, 9d, 9e and 9f by combining the location 

signals 3a,_ 3b and 3c as shown in FIG. 22. 

When the commutation circuit 9 outputs the driving si~als · 9a, 9b, 9c, 9d, 

9e and 9f by combining the location signals 3a, 3b and 3c, and when the restart 

pulse 265a is inputted from the normal rotation detecting circuit 265, the-tiµler 

270 is reset, then the switching signal 8a changes from H to L. Then, the 

commutation circuit 9 outputs the driving signals 9a, 9b, 9c, 9d, 9e and 9f 

using the cpunt numbers 7a, 7b and 7c. After a predetermined period to, the 

switching· signal 8a changes from ·L to H, then the commutation circuit 9 . 

outputs the driving signals 9a, 9b, 9c, 9d, 9e and 9f by combining the location 

signals 3a, 3b and 3c. 

In this embodiment, the switching sign~ 8a is set tQ L when referring the 

count numbers 7a, 7b and 7c, and to H when referring the location signals 3a, 

3b and 3c, but they can be set reversely. 

Embodiment 11 

In this embodiment, an switching operation carried out to a nonnal 

operation after the counter reaches a· predetermined value. By this operation, 

the motor rotates without fail. 
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FIG. 36 is a block diagram of an eleventh embodiment of the present 
invention which shows a general construction a three phase brushless motor 

driving device. The numeral 8C denotes. a switching signal generating circuit 

which outputs a switching signal 8a for referring any of the count numbers 7a, 

7b and 7 c or the location signals 3a, 3b and 3c when outputting driving signals 

9a, 9b, 9c, 9d, 9e and 9f in the c9mmutation circuit 9. The switching signal 

generating circuit SC is explained below. 

In this embodiment, the pulse train 7 d, the motor rotation signal Sa and 

the restart pulse 265a are inputted into the_ switching signal generating circuit 

SC. The switching signal 8a is inputted into the commutation circuit 9. 

FIG. 37 shows a concrete switching signal generating circuit SC of 

embodiment 11. The switching signal generating circuit 8C is comprised of a 

mode switching counter 271. FIG. 38 is a timing chart which explains an 

operation of a switching signal generating circuit of embodiment 11. 

FIG. 38 is used ·as next and a operation of switching signal generating 

circuit SC of this embodiment is explained. The mode switching counter 271 

begins to count the pulse train 7 d when the motor rotation signal Sa becomes 

H, and the commutation circuit 9 outputs the driving signals 9a, 9b, 9c,.9d, 9e 

and 9f by combining the count numbers 7 a, 7b and 7 c according to the 

relationship as shown in FIG. 27. The mode switching counter 271 changes 

the switching signal Sa from L to H after the count number of the pulse train 

7d reaches a predetermined number X and then the commutation circuit 9 

outputs driving signal 9a, 9b, 9c, 9d, 9e and 9f by combining the location 

signals 3a, 3b and 3c as shown in FIG. 22. 

When tlie commutation circuit· 9 outputs the driving signals 9a, 9b, 9c, 9d, 

9e and 9f by combining the location signals 3a, 3b and. 3c, and when the restart 

pulse 265a is inputted from the normal rotation detecting circuit 265, the mode 

switching counter 271 is reset, then the switching signal 8a changes from H. to 

L. Then, the commutation circuit 9 outputs the driving signals 9a, 9b, 9c, 9d, 

9e and 9f using the count numbers 7a, 7b and 7c. The mode switching counter 

271 begins to count the number of the pulse train 7 d and changes the switching 

signal 8a from L to H after the count number of the pulse train 7 d reaches a 
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predetermined number X and then the commutation circuit.9 outputs driving 
signal 9a, 9b, 9c, 9d, 9e· and 9f by combining the location signals 3a, 3b and 3c 

as shown in FIG. 22. 

Embodiment· 12 

In this embodiment, an switching operation is carried out when the 

combination of detecting time and location signal, in other words, the both 

conditions are satisfied. 

FIG. 39 is a block diagram of a· twelfth embodiment of the present . 

invention which shows a general construction a three phase brushless motor 

driving device. The numeral 80 denotes a switching signal generating circuit 

w}lich outputs a switching signal 8a for refernng any of the count numbers 7 a, 

7b and 7c or ~e location signals 3a, 3b and 3c. The switching signal 

generating circuit S,D is explained below. 

In this embodiment, the motor rotation signal Sa, the restart pulse 265a 

and the location signals 3a, 3b and 3c are inputted into the switching signal 

generating circuit 8D. Jbe switching signal 8a is inputted into the 

commutation circuit 9. 

FIG. 40 shows a concrete switching signal gener~ting circuit 80 of 

embodiment 12. In this embodiment, the switching signal generating circuit 

8D is comprised of a location signal combination discrimination circuit 272 

and a timer 270. The timer 270 is similar to the construction of the 

embodiment 10. 

The location signals 3a, 3b and 3c are inputted into the location signal 

combination discrimination circuit 272, the output from the location signal 

combination discrimination circuit 272 becomes H when the location signals 

3a, 3b and 3c becomes a predetermined combination. In this embodiment, 

when the location signals 3a, 3b and 3c became a combination of H - L - L, its 

output changes to H. The output of the location signal combination 

discrimination circuit 272 and the timer 270 are inputted into the AND circ_uit 

273, the output 273a of the AND circuit 273, the motor rotation signal Sa ~d 

the restart. pulse 265a are inputted into the latch circuit 274. The latch circuit 
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· 27 4 is cleared by the motor rotation signal Sa and the restart pulse 265a. The 
latch circuit 274 also holds the output to H until the latch circuit 274 is cleared 

after the input signal once becomes H. 

· An operation of the switching signal generating circuit SD of this 

embodiment is explained below using FIG. 41. In this embodiment, when the 

motor rotation signal Sa becomes H level, the. timer 270 is changed to ON 

state, then the commutation circuit 9 outputs driving signals 9a, 9b, 9c, 9d, 9e · 

and 9fby combining the count numbers ?a, 7b and 7c according to the 

relationship shown in FIG .. 27. After a predetennined period to, the timer 

output 270a changes to H. 

When the timer ouq>ut 270a changes to H and the location signals 3a, 3b 

and 3c became a combin~tion of H - L - L, the AND circuit output 273a 

changes to H. The latch circuit 274 operates at the first rising edge of the 

AND circuit output 273a after the motor rotation signal 5a has changed to H; 

then the switching signal. 8a is held to H. Then the commutation circuit 9 

outputs the driving signals 9a, 9b, 9c, 9d, 9e and 9f by combining the location 

signals 3a, 3b and 3c as shown in FIG. 22. 

When the commutation circuit 9 outputs the- driving signals 9a, 9b, 9c, 9d, 

9e and 9f by combining the location signals 3a, 3b and 3c, and when the restart 

pulse 265a is inputted from the normal rotation d~tecting circuit 265, the timer 

270 and the latch circuit 274 is reset, then the switching signal 8-a changes from 

H to L. Then, the co~U:tation circuit 9 outputs the driving signals 9a, 9b, 9c, 
9d, 9e and 9f using the' count numbers 7 a, 7b and 7 c. As described above, 

after a predetermined period to, the switching signal Sa changes· from L to H, 

then the commutation circuit 9 outputs again $e driving signals 9a~ 9b, 9c, 9d, 

9e and 9f by combining the location signals 3a, 3b and 3c as shown in FIG. 22. 

Embodiment 13 

lit this embodiment, an switching operation is carried out when the 

counter reaches a predetermined value and the location signal having been . 

detected correctly, that is, at the both conditions are satisfied. 
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FIG. 42 is a block diagram of a thirteenth embodiment of the present 

invention which shows a general construction a three phase brushless motor . . 

driving device. 

A switching signal generating circuit SE of this embodiment is explained 

below. 

In this' embodiment, the location signals 3a, 3b and 3c and the pulse train 

. 7d and the motor rotation signal Sa and the restart pulse 265a are inputted into 

switching signal generating circuit 8E. The switching signal 8a is inputted into 

the :eommutation circuit 9. 

FIG. 43 shows a concrete switching signal generating circuit SE of 

embodiment 13. The switching sigrial generating circuit 8E of this 

embodiment is constituted by the location signal .combination di$crimination 

circuit 272 of.the embodiment 12 and the mode switching counter 271. 

An operation of the switching ~ignal gene~ting circuit SE of this 

embodiment is explained below using FIG. 44. In this embodiment, when the 

motor rotation signal Sa becomes H level, the mode switching counter 271 

begins to count the pulse train 7 d, then the commutation circuit 9 outputs 

driving signals 9a, 9b, 9c, 9d, 9e and 9f by combining the count numbers 7a, 

7b and 7c according to the relationship shown in FIG. 27. When the mode 

switching counter 271 counts the pulse train 7d for a predetermined number 

X, the output 27 la of the mode switching counter 271 becomes H, and the 

location signals 3a, 3b arid 3c became a combination of H - L - L, the AND 

circuit output 273a changes to H. The latch circuit 27 4 operates at the rising 

edge of the first AND circuit output 273a after the motor rotation signal 5a has 

changed to H, then the switching signal 8a changes from L to H, and holds H 

state. Then the commutation circuit 9 outputs the driving signals 9a, 9b, 9c, 

9d, 9e and 9f by com~ining the location signals 3a,. 3b and 3c as shown in FIG. 

22. 

When the commutation circuit.9.outputs the.driving signals 9a, 9b, 9c, 9d, 

9e and 9f by combining the location signals 3a, 3b and 3c, and when the restart 

pulse 265a is inputted from the normal rotation detecting cifcuit 265, the mode 

switching counter 271 and the latch circuit 274 is reset, then the switching 
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signal Sa changes from H ~o L. Then, f:he commutation circuit 9 outputs the 
driving·signals 9a, 9b, 9c, 9d, 9e and 9fusing the count numbers. 7a, 7b and 
7c. When the mode switching counter 271 counts the pulse train 7d for a 
predetennined number X and when the location signal becomes a combination 
of a predetermined H - L - L_ state, the switching signal 8a changes from L to 
H, then the commutation circuit 9 outputs again the driving signals 9a, 9b, 9c, 

. . 
9d, 9e and 9f by combinin~ the location signals 3a, 3b and 3c as sho~ in FIG. 
22. 

Embodiment 14 
In this embodiment, an switching operation· is carried out when a setting . 

period has· expired and at the same time the driving signal is nonnal, that is, at 
the both conditions are satisfied. · 

·FIG. 45 is a block diagram of a fourteenth embodiment of the present 
invention which shows a general construction a three phase brushless motor 

. driving device. A switching signal generating circuit SF of this embodiment is 
. . . . . 

explained below. 
In this embodiment, the driving signals 9a, 9b, 9c, 9d, 9e and 9f, the 

· motor rotation signal Sa and the restart pulse 265a are inputted into switching 
signal generating circuit 8F. The switching signal 8a is inputted into the 
commutation circuit 9. 

An operation of the switching ·signal generating circuit 8F of this · 
em]?odiment is explained below using FIG. 46. The switching signal 
ge.nerating circuit 8F of this. embodiment, is constituted by the timer 270 
described above and a driving signals combination dis~iimination circuit 275. 
The driving signals 9a, 9b 9c, 9d, 9e and 9f is inputted into the driving signal 
combination discrimination circuit 275. In the driving signal combination 
discrimination circuit 275, an output 275a becomes H, wh~n the driving signals 
9a, 9b, 9c, 9d, 9e and 9f became a predeteimined combination. 

In this embodiment, when the driving signals 9a, 9b, 9c, 9d, 9e and 9f 
became a combination of L - H - H - L - H - L, the output 275a becomes H. 
The output of the· driving signal combination discrimination circuit 275 and the 
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timer 270 are inputted into the AND circuit 273, and the AND circuit output 
273a, the motor rotation signal Sa and .the restart pulse 265a are inputted into 

the latch circuit 27 4 as described above. 

. FIG. 4 7 illustrates an operation of switching signal generating circuit SF 

of this embodiment. When the motor rotation signal 5a becomes H, the timer 

270 changes to ON state, the commutation circuit 9 outputs the driving signal 

using a combination of the count numbers. After a predetennined period to, 
the timer output 270a changes to H, and when the driving signals 9a, 9b, 9c, 

9d, 9e and 9f became a combination of L - H - H .- L - H - L, an output 273a of 

AND circuit 273 changes to H. Will change in the same .way spoke it in 
former embodiment the commutation circuit 9 uses a combination of the 

locatiol) signals 3a, 3b and 3c again and the driving signals 9a, 9b, 9c, 9d, 9e 
and 9f is outputted. 

Further, an operation when a restart pulse 265a is inputted .into the 

switching signal generating circuit 8F is similar to the embodiment 13 as 

shown in FIG. 47. That is, the commutation circuit 9 outputs again the driving 

signals 9a, 9b, 9c, 9d, 9e and 9f using a combination of the location signals 3a, 

3b and 3c after a period to. 

Embodiment 15 

In this embodiment, an switching operation is carried out when a counter 

counts a predetermined value and the driving signal is normal, that is, at the 

both conditions are satisfied. · 

FIG. 48 is a block diagram of a fifteenth embodiment of the present 

invention which shows a general construction a brushless motor driving 

device. A switching signal generating circuit 80 of this embodiment is 

explained below. In this embodiment, the drivin,g signals 9a, 9b, 9c, 9d, 9e 

and 9f, the pulse train 7 d and the motor rotate signal Sa and the restart p~lse 

265a are inputted into the switching signal generating circuit 80. 
FIG. 49· shows a .. ~oncrete switching signal generating circuit of 

embodiment 15. The switching signal generating circuit 80 of this 
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embodiment is constitu~d by a driving signal combination discrimination 
circuit 275 and a mode switching counter 271. FIG. 50 is a timing chart which 
explains an operation of_a switching signal generating circuit 8G. Since the 
operation of this embodiment is the same as that described above, the detailed 
des·cription. is omitted. 

Embodiment 16 
In this embodiment, an example in which a switching is carried out by 

speed detection is explained. 
FIG. 51 is a block diagram of a sixteenth embodiment of the present 

invention which shows a general construction a three phase brushless motor 
driving device. A switching signal generating circuit 8H of this embodiment is 
explained below. 

In this embodiment, th~ logic pulse 201 which is outputted from the 
waveform shaping circuit 3 ~ the rotor location signal generating cireuit 4 and 
the motor· rotati~n signal Sa and the restart pulse 265a are inputted into 
switching signal generating circuit 8H. 

FIG. 52 shows a concrete block diagram of the switching signal 
ge11erating circuit SH of embodiment 16. The switching signal generating 
circuit SH of this embodiment is constituted by a speed signal generating 
circuit 277, a reference speed generating circuit 276, and a comparator 278. 
A logic pulse 201 and a CLK (clock) are inputted into the speed signal 
generating circuit 277. As described in the embodiments 1 and 7, since the 
logic pulse 201 i~ obtained for a certain period, it is possible to detect a 
rotation speed of the brushless motor from the logic pulse iOI. 

FIG. 53 is a timing chart for generating a speed signal 277a. The speed 
. . 

signal generating circuit 277 is counted· up by the timing of CLK edge when 
the motor rotation signal Sa is H, and cleared by the timing of rising edge of 
logic pulse input which is inputted from the waveform shaping circuit 3 and 
the value shown by the arrow in FIG. 53 is outputted as a speed signal 277a. 
The reference speed generating circuit 27 6 outputs a reference speed signal 
276a which switches the modes from the starting mode to a nonnal rotation 
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mode. The comparator 278 compares the speed signal 277 a with the reference 
speed signal 276a, for example, by voltage level or by bit numbers, at a timing 
of rising edge of·the logic pulse, and outputts a switching signal Sa when.the 
speed signal 277a reaches the· reference speed signal 276a. 

FIG. 54 is a timing chart which explains an operation of a sw_itching 
signal generating circuit 8H of embodiment 16. An operation of the switching 
signal generating circuit 8H of this embodiment is explained below using FIG. 
54. 

When the motor rotation signal Sa becomes H at starting, the comparator 
begins to compare the speed signal 277a with the reference speed signal 276a. 
When the speed signal 277a reaches the reference speed signal 276a, the 
switching signal 8a of the comparator 278 changes to H. And when the restart 
pulse 265a is inputted, the comparator 278 is reset and the switching signal Sa 
changes to L from H. When the speed signal 277a reaches the reference speed 
signal 276a, the switching signal 8a changes again to H from L. 

Embodiment 17 
In _this embodiinent, the switching is carried out when the time setting, the 

number counting and the location signal are nonnally detected. 
FIG. 55 is a block diagram of a seventeenth embodiment of the present 

inventfon which shows a general construction a three phase brushless motor 
driving device. A switching signal generating circuit 81 of this embodiment is 
explained below. In this embodiment, the count numbers 7a, 7b and 7c, the 
location signals 3a, 3b and 3c, the motor·rotate signal 5a and the restart pulse 
265a are inputted. into the .switching signal generating circuit 81. 

FIG. 56 shows a concrete switching signal generating circuit 81 of 
embodiment 17. The switching signal generating circuit 8I of this embodiment 

· is constituted .by a location signal count number discrimination circuit 280 and 
a timer270. 

FIG. 57 is a timing chart which explains an operation of a switching 
signal generating circuit 81 of embodiment 17. Since the operation this figure 
is similar to the above embodiment, the detailed description is omitted. 
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Embodiment 18 

In this embodiment, the switching is _carried out when both the speed 

detection and the location signal are nonnally detected. 

~G. 58 is a block diagram of an eighteenth embodiment <?f the present 

invention which shows a general construction a three phase brushless motor 

driving device. A switching signal generating circuit 8J of this embodiment is 

explained. 

FIG. 59 shows a concrete ~witching signal genera~ing circuit 8J of 

embodiment 18. The switching signal generating circuit 8J of this embodiment 

is constituted of a reference speed signal generating circuit 276, a speed signal 

generating circuit 277, a comparator 278 and a location signal combination 

discrimination circuit 272. 

Next, FIG~ 60 is a timing chart which explains an operation of a".switching. 

signal generating circuit 8J of embodiment 18. Since the operation this figure 

is similar to the above embodiment, the detailed description .is omitted. 

Embodiment 19 

In this embodiment,. the switching is carried out by a logical product of 

speed detection and the normal detection of the driving signals. 

FIG. 61 is a block diagram of a nineteenth embodiment·of the present 

invention which shows a general construction a three phase brushless motor 

driving device. A switching signal ·generating circuit 8K of this embodiment is 

explained below. 

FIG. 62 shows a concrete switching signal generating circuit 8K of 

embodiment 19. The switching signal generating· circuit 8K of this 

embodiment is constituted of a reference speed generating circuit 276, a speed 

signal generating circuit 277, a comparator 278 and a d~ving signal 

combination discrimination circuit 275. 

FIG. 63 is a timing chart which e.xplains an operation of a switching 

signal generatmg circuit SK of embodiment 19. Since the operation this figure 

is similar to the above embodim~nt, the detailed description is omitted. 
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Embodiment 20 

In this ~mbodiment~ the switching is carried out by a logical product of 

speed detection, the normal detection of the location signals and the count 

number. 

FIG. 64 is a block diagram of a twentieth embodiment of the present 

invention which shows a general construct~on a three phase brushless motor 
. . 

driving device. A switching signal generating circuit 8L of this embodiment is 

explained below. 

FIG. 65 shows a block diagram of the ~witching signal generating circuit 

8L of embodiment 20. The switching signal generating circuit 8 of this 

embodiment is constituted of a reference speed generating circuit 276, a speed 
. . 

signal generating circuit 277, a comparator 278 and a location signal count 

number discrimination circuit 280~ 

FIG. 66 is a timing chart which .explains an operation of a switching 

signal generating circuit 8L of embodiment 20. Since the operation this figure 

is similar to the above embodiment, the detailed description is omitted. 

Embodiment 21 

In this embodiment, a normal rotation detecting circuit is not provided 

independently at restarting, but a forced starting ·mode is set by the pseudo 

pulse inputted from the pulse generating circuit at restarting. 

FIG .. 67 is a block diagram of a twenty first embodiment of the present 

invention which shows a general construction a three phase brushless motor 

driving device. 

In this embodiment~ the location signals 3~, 3b and 3c, the count numbers 

7 a, 7b and 7 c and the pseudo pulse 6a outputted from the pulse generating 

c~rcuit 6 are inputted into the commutation circuit 9. The commutation circuit 

9 is reset by the pseudo pulse 6a and change to a starting mode. 

In the above-mentioned construction, When the rotor has stopped by any 

reasons during a normal rotation is explained, the pseudo pulse 6a is- outputted 

from the pulse generating circuit 6 and the pseudo pulse 6a is inputted into the 
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commutation circuit 9. The commutation circuit 9 is reset by the pseudo pulse 
6a and changes to a starting mode. Accordingly, until the rotation reaches 

nonnal speed, the driving signals 9a, 9b, 9c, 9d, 9e and 9f is outputted by 

combining the count numbers 7a, 7b and 7c. 

Embodiment 22 

In this embodiment, an independent location detecting element is used in 

addition to the winding voltage detecting circuit. The detected signal from the 

location detecting element and the location detection signal detected from the 

winding voltage are combined to obtain a driving signals having a correct 

direction. 

FIG. 68 is a block diagram of a twenty second embodiment of the present 

invention which shows a general co.nstniction a three phase brushless motor 

driving device. The. numeral 300 denote a location detector for detecting a . 

location of the rotor and outputs a location pulse signal 300a , the numeral 301 

denotes a hold circuit for holding an output after a rising edge of the input 

signal is detected. In FIG. 68, the location signal 300a is inputted into hold 

cjrcuit 301. In this embodiment, the location signal 300a is shifted by 

electrical angle 7t/6 from the location signal 3b as shoWl1 in FIG. 69. The 

respective current supply stability point of the brushless motor is located on 

the broken line and coincides with the location of rising edge and falling edge 

of the location signal 300a. 

The hold circuit 301 in FIG. 68 holds the value of the location signal 300a 

just after the motor rotatien signal Sa becomes H until the motor rotation 

signal 5a becomes L. For example, if the location signal 300a is H just after 

the motor rotatiQn signal 5a becomesH, the hold circuit 30la is held H until 

the motor rotation signal 5a becomes L. The output 301a of the hold circuit 

301 is inputted into the commutation circuit 9 and the P:Ulse selection circuit 

256 in the counter circuit 7 of FIG. 71. The commutation circuit 9 outp~ts the 

driving signals 9a, 9b and 9c, 9d, 9e and 9f by referring the· output 30la of the 

hold circuit and the count numl;>ers 7a, 7b and 7c. FIG. 70 shows a 

relationship between the output 301a of the hold circuit, the count numbers 7a, 
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7b and 7 c and tb,e driving signals 9a, 9b, 9c, 9d~ 9e and 9f of the embodiment 

22. 

FIG. 71 shows a concrete construction of a counter circuit 7 of 

embodinlent 22. The rising edge detecting circuits 250, 252, 254, the falling 

edge detecting circuits 251, 253 and 255 and the hexa counter 257 are similar 

to the above mentioned embodiment. The rising the edge pulses 250a, 252a, 

254a and the falling the edge pulses 25la, 253a and 255a of the location signals 

3a, 3b and 3c and the pseudo pulse 6a and the output 301a of the hold circuit 

are inputted into the pulse selection circuit 256. The pulse selection circuit 256 

refers the ~urrent count numbers 7a, 7b and 7c and the output 301a of the hold 

circuit, and outputs an edge pulse or a pseudo pulse 6a of theoretical location 

signal which sh~uld be detected next at normal rotation. 

FIG. 72 shows a relationship between the count numbers 7a, 7b and 7c, the 

output 301a of the hold circuit and the edge pulses 250a, 252a, 254a, 25la, 

253a and 255a of theoretical location signals which should be detected next at 

normal rotation. From FIG. 72, for example, the count numbers 7a, 7b and 7c 

is at L - L - L, and the output 301a of the hold circuit is at H, the edge pulse 

253a or rh:e pseudo pulse 6a outputs and they are not outputted even if other 

pulse, for example, the edge pulse 250a is inputted. 

An operation of the brushless motor of the embodiment js explained 

below. 

First, an operation, just after the motor rotation signal 5a becomes H and 

the output 301a of the hold circuit is H, is explained using FIG. 73. ·Since the 

output 301a of the ~old circuit is H, the commutation circuit 9 sets the driving 

signals 9a, 9b, 9c, 9d, 9e and 9f to H - L - H - L - L - H as shown .in FIG. 70. 

Then the rotor of the brushless motor rotates toward normal rotational 

direction and the sequential current is supplied to the rotor to start the motor. 

Next, an operation, just after the motor rotation signal 5a becomes H and 

the output 301a of the hold circuit i~ L, is explained using FIG. 74. Since the 

output 301a of the hold circuit is L, the commutation circuit 9 sets the driving 

signals 9a, 9b, 9c, 9d, 9e and 9f to H - L - H - L - L - H as shown in FIG. 70. 

Then the rotor of the brushless motor rotates toward normal rotational 
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direction and the· sequential current is supplied to the rotor to start the motor. 

Empodiment 23 

In this embodiment, the driving is more assured at starting or at 

restarting. 

FIG. 75 is a block diagram of a twenty third e1nbodin'.ient of the .present 

invention which shows a general construction a three phase brushless motor 

driving device. The nume~l 302 denotes an edge detecting circuit for 

detecting a rising edge or falling edge of input signal. 

The con:unutation circuit 9 supplies current just after the motor rotation 

signal 5a becomes H according to the output 301a of the hold circuit. The 

current is supplied to V-W phase when the output 301a of the hold circuit is H, 

and to W-V phase when the output 301a of the hold circuit. is L. The first 

commutation is carried out according to the output piilse 302a of the edge 

detecting circuit 302 and the output 301 a of the hold circuit. The current is 

supplied to U-W phase when the output 30Ia of the hold circuit is H, and to W­

U phase when the output 301a of the hold circuit is L. After then, the 

commutation is carried out by outputt~ng the driving signals 9a, 9b, 9c, 9d, 9e 

and 9f by referring the location signals 3a, 3b and 3c. The logical relation 

between the location signals· 3a, 3b and 3c and the driving signals 9a,9b, 9c, 9d, 

9e and 9f is similar to FIG. 22. 

An operation of the brushless motor of the present embodiment is 

explained below. 

First, an operation, just after the motor rotation signal 5a becomes H and 

the output 301a ofthe hold circuit is H, is explained using FIG. 76. Since the 

output 301a of the hold circuit is H, the commutation circuit 9 sets the driving 

signals 9a, 9b, 9c, 9d, 9e and 9f to H - L - H - L - L - H as shown in FIG. 21 to 

supply current to V-W phase. When the rotor rotates toward normal 

rotational direction and a pulse 302a of edge detecting circuit. 302 has been 

· detected, a first commutation is carried out. 

Since the output 301a of the hold circuit is H, the commutation circuit 9 

sets the driving· signals 9a, 9b; 9c, 9d, · 9e and 9f to L - H - H - L - L - H as 
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shown in FIG. 21 to supply current to U-W phase. Then the rotor of the 
brushless ,motor rotates toward normal rotational direction by sequentially 

. switching current referring the location signals 3a, 3b arid 3c. 

Next, an operation, just after the motor rotation signal 5a becomes· _H and 

the output 301a of the hold circuit is L, is explained using FIG. 77. Since the. 

output 301a of the hold circuit is L, the commutation circuit 9 sets the driving 

signals 9a, 9b, 9c, 9d, 9e and 9f to H - H - L - L - H - L as shown in FIG. 21 to 

supply current to W-V phase. When the rotor rotates' toward normal 

rotational direction and· a pulse· 302a_ of edge detecting circuit 302 has been 

detected, a first commutation is carried out. 

Since the output 301a of the hold circuit is L, the commutation circuit 9 

sets the driving signals 9a, 9b, 9c; 9d, 9e and 9f to H - H - L - H - L - L as 

shown in FIG. 21 to supply current to W-U phase. Then the rotor of the 

brushless motor rotates toward normal rotation~! dii-ection by se9uentially 

switching current referring the location signals 3a, 3b and 3c. 

·Embodiment 24 · 

FIG. 78 is a block diagram of a twenty_ fourth embodiment of the present 

invention which shows a general construction a brushless motor driving 

device~ In FIG. 78, the same elements are indicated by the same numerals as 

shown in FIG. 1. In ~G. 78, the nu~eral 406 denotes a starting circuit, the 

numeral 409 denotes a speed difference detecting circuit for counting a period 

of.the speed signal 3d by the counter and for outputting a period difference 

between the indicated value and the measured· value as a speed difference 

detection signal 409a. The numeral 410 denotes a speed difference 

compensation filter for supplying a current indication value 410a to a current 

supplying circuit 411 so that the speed difference detection signal 409a become 

zero. A current supplying circuit 411 comprises a resistor 10,. a bridge circuit· 

11, a buffer amplifier 212, a resistor 213 and a driving transistor 214, and 

supplies a predetermined driving current to the armature windings 12, 13 and 

· 14 according to the driving signals 9a - 9f. 

The construction and the operation of the terminal voltage compensation 
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circuit l, the comparator 2 and the waveform shaping circuit 3 which 

constitute the rotor. location signal generating circuit 4 which are the important 

means of the invention, are already disclosed in the embodiment 1. 

FIG. 79 shows a signal wave of.respective portion of the terminal voltage 

compensation circuit 1 at a normal rotation state of a brushless motor driving 

device· of the present invention. The concrete compensation operation of this 

terminal voltage compensation circuit 1 is already explained in the embodiment 

1 using the equation (1) - (3). 

Spike shaped voltage fluctuation generated when the mode is switched 

from current supply state to no-current supply state, causes a false detection of 

the rotor location and a noise generation, therefore it is necessary .to use a 

shaping circuit 3 for avoiding these causes. An example of the waveform 

shaping circuit is shown in FIG. 17 of the embodiment 7. 

FIG. 80 shows another construction example of a waveform shaping 

circuit 3. In.FIG. 80, the numeral 180 denote a latch circuit, the numerals 181 

-186 denote D flip-flops, the numerals 187 - 189 denote EOR circuits, and 

the numeral 190 denotes an OR circuit, the numeral 421 ~enotes a mask signal 

generating circuit and the numeral 422 denotes a timer. 

FIG. 81 shows the terminal voltage waveform and signal waveform of 

respective portion of the waveform shaping circuit at a normal rotation state. 

FIG. 82 is an ~nlarged signal waveforms of timings to - ti of FIG. 81. 

( 0179) 

An concrete operation of the waveform shaping circuit of this 

embodiment is explained below. 

Input signals into the waveform shaping circuit are logic signals 2a, 2b 

and 2c outputted from the comparator 2. Since the logic signals 2a, 2b and 2c 

are obtained by comparing respective terminal voltages, they causes chattering 

as shown in FIG. 81. The logic signals 2a, 2b and 2c are inputted into latch 

circuit 180 at first. The latch circuit 180 carries out a latch operation 

according to a state of enable terminal 180a. In an initial state, the mask signal 

421a outputted from the mask signal generating circuit 421 is at H level. 
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Therefore, the logic signals 2a, 2b and 2c are inputted into the D flip-flops 

.181,183 ·andl85 as they are. The D flip--flops 181 - 186 and EOR circuits 187 

- 189 constitutes a both edge differentiation circuit. EOR circuits 187 - 189 

outputs differential pulses 198, 199 and 200 at the timing of rising and falling 

edge of the logic signals 2a, 2b and 2c. 

( 0180) 

At timing T2, when the compensated terminal voltages of 1 a coincides 

with the compensated terminal voltages le and the polarity of 2a changes, the 

edge is detected at the both edged differentiation circuit and then a differential 

. pulse 198b is generated. The output signal of EOR circµits 187 - 189 are 

sunimed in OR circuit 190 and its output logic pulse signal 3d is inputted into 

the mask signal generating circuit 421 and the timer 422. The mask signal 

generating circuit 421 changes the mask signal 421a to L level by a trigger 

pulse of the rising edge of logic pulse signal 3d. Timer 422 is initialized at the 

rising edge of the logic pulse signal 3d and the timer value 422a becomes zero. 

Then, the timer 422 carries out a count -up operation in synchronism with the 

clock input. When the enable terminal 180a became L level, the latch circuit 

180 latches the logic signals 2a, 2b and 2c. 

Then, the mask signal generating circuit 421 monitors a timer value of 

the timer 422, and changes the mask signal 421a to H level when the timer 

value 422a reaches a predetermined value. The latch circuit 180 releases the 

latch when the enable signal l80a becomes H level. 

The output signal of D flip-flops 182, 184 and 186 are supplied as 

· waveform shaped rotor location signals 3a, 3b and 3c which are inputted into 

the next stage commutation circuit 9~ and then the commutation operation is 

carried out according to the rotor location signals 3a, 3b and 3c. When 

commutation operation is carried out, the driving transistor is switched, then 

spike shaped voltage fluctuation is caused. As a result, 3: spike shaped noise 2d 

is generated at an undesired location in the logic signal 2b. But, at a point 

where the spike shaped noise 2d is generated, a data inputted into the latch 

circuit is disabled by the mask signal 421a outputted from the mask signal 

generating circuit 421. Accordingly, the spike shaped noise 2d is masked in 
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the ~teh circuit 180, therefore the spike .shaped noise is not generated in the 

waveform shaped rotor location signals 3a , 3b and 3c. Therefore, in the 

presentembodiment, st:able rotor location signals 3a, 3b and 3c are provided. 

These stable rotor location signals 3a, 3b and 3c are applied to the. armature 

windings to _rotate the rotor stably. 

Further, although an example of three phase brushless motor was 

explained in this embodiment, but it is apparent that this invention can be 

applied gene~lly to a brushless motor having a plurality of phases. 

Embodiment 25 

In this embodiment, a period T3 where the mask signal 421a is 

maintained at L level changes in proportion to an indicated· rotation speed 

when the indicated rotation speed for the motor is changed. General 
. . 

construction of the brushless motor driving circuit ·of this embodiment. is 

similar to the embodiment 24. But, a construction for changing ·the indicated 

rotation speed ( CLK) for the timer is different from the embodiment 24. 

An operation of the mask signal generating circuit 421 and the timer 422 

of this embodiment is explained below using FIG. 83, FIG. 84 and FIG. 85. 

As explained in the embodiment 24, a rising edge or a falling edge of the 

logic signal 2a, 2b and 2c are detected and then a logic pulse signal 3d is 

generated, therefore the ma~k signal generating circuit 421 changes the mask 

signal 421a - L level by a trigger pulse of the rising edge of logic pulse signal 

3d. Timer 422 is initialized at the rising edge of the logic pu.lse signal 3d and 

the timer value 422a becomes zero. Then, the timer 422 carries out a count-up 

operation in synchronism with the clock input. Then, the mask signal 

generating circuit 421 monitors a timer value 422a of the timer 422, and 
. . 

changes the mask signal 421a - H level when the timer value 422a reaches a 

predetermined value N ( N =· 10 in FIG. 83). Assume that the clock period is 

T4, the mask signal 421a maintains L level during T4 x 10. 

Next, an operation is explained when the indicated rotation speed becomes· 

twice from the state of FIG~ 83. 

As illustrated in FIG. 84, a period of CLK (inputted from the outside of 
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the driving circuit ofthe brushless motor) is set to T4 / 2. Thereby, the period 

where the mask signal 421a is maintained to L level becomes T4 x 5. Or as 

shown in FIG. 85, the clock period inputted into the timer remains T4 and 

only a value of N is changed to 5. Thereby, the period where the mask signal 

421ais maintained to L level becomes T4 x 5, which is the same as when the 

clock period is changed. As described above, in the embodiment,_ the period 

where the mask signal maintains L level is changed according to the indicated 

rotation speed. 

Embodiment 26 

An operation of t4e brushless motor which restarts stably in a short time 

without influenced by the load at a starting even when the brushles·s motor 

stops by some reasons and needs to restart. This subject is explain~d in the 

embodiment 8, but here an operation at starting or restarting is mainly 

explained in this embodiment. General construction of the driving circuit of 

the brushless motor of this embodiment is similar to FIG. 78. 

Here, a construction and an operation of a starting circuit which is the 

important means for realizing the invention is explained below. New elements 

of the embodiment are a pseudo pulse generating circuit 431 and a restart pulse 

generating circuit 432. Other elements in the present embodiment are the 

same as that of shown in FIG. 23 of embodiment 8. 

The motor rotation signal Sa in F1G. 78 is a signal inputted from out:Side 

of the brushless motor driving circuit, which indicates "rotation" when enable 

state and "stop" when disable state. In this embodiment, "enable" indicates H 

level and "disable" indicates L level. 

FIG. 86 shows a concrete construction example of a starting circuit 406. 

The rotor location signals 3a, 3b and 3c are inputted into respective rising edge 

detecting circuits 250, 252 and 254, the falling edge detecting circuits 251, 253 

and 255 and the normal rotation detecting circuit 265. ·The rising edge 

detecting circuits 250, 252 and 254 and the falling edge detecting circuits 251, 

253 and 255 output rising edge pulses and falling the edge pulses 250a - 255a, 

respectively. 
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These detected edge pulses are inputted into the pulse selection circuit 

256. The select pulse 256a outputted from the pulse selection circuit 256 is 

inputted into the pseudo-pulse generating circuit 431. 

The pulse train 431a outputted from the pseudo-pulse generating circuit 

431 is inputted into the hexa counter 257. The logical relation example of an 

· input pulse number and an output pulse number of the hexa counter257 is 

similar to FIG. 24. 

In the FIG. 24, when the input pulse number is ·m.ore than six, the count 

numbers 7 a, 7b and 7 c are counted again from L - L - L states. 'fh:e count 

numbers outputted from the hexa counter 257 is inputted into the pulse . . . 

selection circuit 256, the normal rotation ·detecting circuit 265 and the 

commutation circuit 9 shown in FIG. 78. An abnormal rotation signal 265b· 

outputted from the normal rotation detecting circuit 265 is inputted into the 

. restart pulse generating circuit 432. The motor rotation signal 5a is also 

inputted into the restart_ pulse generating circuit 432. The restart pulse 7e 

outputted from the restart pulse generating circuit 432 is inputted into the 

commutation circuit 9 shown fu FIG. 78. 

The pulse selection circuit 256 outputs edge pulses 250a - 255a as a pulse 
. . 

train without changing when the rotor rotates toward normal rotational 

direction defined by the l6gic of FIG. 7. That is, if the relationship between· 

kinds of inputted edge pulses and the count numbers 7 a, 7b and 7 c satisfies the 

relationship of FIG. 25, the edge pulses are outputted without being changed, 

and the inputted edge pulse is masked when not being satisfied. Accordingly, 

at a reverse rotation state, inputted edge pulses are masked since the relation 

between the count numbers 7a, 7b and 7c an~ the edge pulses is different from 

that of the nonnal rotation state. 

. _ The pseudo-pulse generating circuit 431 outputs a pulse .train without 

changed when a select pulse train 256a is inputted from the pulse selection 

circuit 256 within a predetermined time, and generates a pseudo-pulse when 

the pulse train is no.t inputted for a predetermined period. 

FIG. 87 shows a concrete construction example of a pseudo-pulse generating 

circuit 431. FIG. 88 is an example of timing chart showing an operation of 
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pseudo-pulse generating circuit 431. 

In FIG. 87, the numeral 433 denotes a counter, the numeral 434 denotes a 

gate circuit, the numeral 435 denotes a rising edge detecting circuit, .the 

nnmeral 436 denotes a delay circuit, the numeral437 denotes an OR circuit. 

The counter 433 is initialized by the pulse train 431a and is counted up in 

synchronism with the input clock. The gate circuit 434 decodes the·count 

.number 433a, and changes the output signal 434a of the gate circuit to L-level 

when the decoded value is smaller than the predetermined set value and to H 

level when the decoded value i~ larger than the predetermined set value. 

Accordi~gly, if the select pulse 256a is not inputted from the pulse selection 

circuit 256 within a predetermined period, the output signal 434a of the gate 

circuit changes to H level. Therefore, the rising ·edge detecting circuit 435 

detects a rising edge, and the delay circuit 436 delays the detected edge pulse 

and outputs as a pseudo-pu1$e 436b shown in FIG. 88. 

The normal rotation detecting circuit 265 monitors whether the .rotor 

explained in embodiment 9 rotates toward normal rotational direction. The 

restart pulse generating circuit 432 masks an abnormal rotation signal 256b · 

until a predetennined period has passed after starting or restarting, detects a 

rising edge of the abnormal rotation signal after a predetermined period has 

passed and outputs it as a restart pulse. 

FIG. 89 shows a construction example of a restart the pulse generating 

circuit 432. In FIG. 89, the numerals 440, 444 denote a rising edge detecting 

circuits, respectively, the numerals 441, 446 denote OR circuits, respectively, 

the numeral 442 denotes a counter, the numeral 443 denotes a gate circuit and 

the numeral 445 denotes AND circuit. The counter 442 is initialized by the 

rising edge of the motor rotation signal 5.a, or restart pulse 7e and count-up in 
synchronism with the OR circuit out.put 446a. The·gate circuit 443 decodes the 

count number 442a, and <?Utputs L-level when ihe decoded value is smaller 

th~ the predetermined set value and to H level when the decoded value is 

. larger than the predetermined set value. Accordingly, the abnormal rotation 
. . 

signal 265b is masked until a predetermined period has passed after starting or 

restarting, and the rising edge of the abnormal rotation signal is outputted as a 
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restart pulse after a predetermined period has passed. 
A starting operation of the brushless motor in this embodiment is 

explained below. Just after the motor rotation signal Sa becomes H level, since. 

the count numbers 7a, 7b and 7c become L - L ~ '.L, then the driving signals 9b 

becomes L and 9f becomes H as seen from FIG. 27, and therefore current is 

supplied to V-W phase from FIG. 7. Therefore, there a~e three modes such as 

(1) the rotor of the brushless motor rotates toward normal rotational direction 

and then the rotor location signal varies, (2) the rotor of the brushless motor 

.rotates toward reverse direction and then the rotor location signal varies, (3) 

the rotor of the brushless motor stops at a current supply stability point and 

then the rotor location signal does not change. 

First, when the rotor rotates normal rotational direction is explained 

below. In this case, the signal w~veform of the respective portions are 

illustrated in FIG. 28. As expiained at the corresponding portions of the · 

embodiment 8, the hexa counter 257 begins to count only when the edge pulse 

253a is detected or when the pseudo-pulse 436b is generated in the pseudo­

pulse generatirig circuit. When the rotor. rotates to normal rotational 

direction, the terminal voltages U, V and W vary according to counter 

electromotive voltage induced in the armature windings: Then, the rotor · 

location signals 3a, 3b and 3c become H - L - L, and the edge pulse 253a is 

detected at (A) of FIG. 28. Accordingly, the hexa counter 257 is counted up 

and the counted count numbers 7 a, 7b and 7c become H - L - L. Therefore, 

the commutation circuit 9 sets the driving signals 9a - 9f to L - H - H - L - L -

H so that the current is supplied .to U-W phase as seen from FIG. 7 and FIG. 

27. The pseudo-pulse generating circuit 431 continue to output a waveform 7d 

shown iri FIG. 28 as its output 43la. After then the brushless motor is 

accelerated by switching the current sequent~ally until the rotation speed 

reaches to ~ nonnal value by re(erring the combination. of the count numbers 

7a, 7b and 7c according to the relation shown in FIG. 27. 

Next, when the rotor rotates reverse rotational. direction is explained 

below. 1;n this case, the signal waveform of the respective portions are also 

illustrated in FIG. 29. As explained in the embodiment 8, when the rotor 
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rotates toward reverse rotational direction, the rotor location signals 3a varies 

and the edge pulse 251a is detected at ( B) in the FIG. 29. But the edge pulse 

251 a is masked by the pulse· selection circuit 256 from the relationship of the. 

count numbers. And if the edg~ pulse 253a can not be detect within a 

predetermined time t1 which is set in the gate circuit 434 of the pseudo-pulse 

generating circuit 431, a pulse 431a corresponding t~ the pseudo-pulse 6a is 

outputted from the pseudo-pulse generating circuit 431 at ( C) in FIG. 29. The 

hexa·counter 257 is counted up by this pseudo-pulse 43la, then the count 

numbers 7a, 7b and 7c change to H - L- L. Therefore, the commutation 

circuit 9 sets the driving signals 9a - _9f to L - H - H -· L - L - H so that the 

current is supplied to U-W phase according to the count numbers 7 a, 7b and 

7c. Thereby, the rotor rotates toward normal rotational direction, after then 

the brushless motor is accelerated by switching the current ~equentially until 

the rotation speed reaches to a normal value by referring the combination of 

the count numbers 7 a, 7b and 7 c according to the relation shown in FIG. 27. 

Next, when the rotor stops at a current supply stability point and then the 

rotor location signal does not change is explained below. In the same way as 

the reverse rotation, since the edge pulse 253a can not be detected within a ·. 
. . 

predetermined time ti, a pseudo-pulse (corresponds to 6a) is outputted from 

the pseudo-pulse generating circuit 431. The hexa counter 257 counts its 

pseudo-pulses in the same. way as the reverse rotation, then the commutation 

circuit switches the current supplying· phase to U-W phase, and switches the 
current supply by the relationship of FIG. 27 according to ·combination of the 

count numbers 7a, 7b and 7c until the rotor·becomes a normal rotation state. 

In such construction, an example where a rotor has stopped during a 

normal rotation by any causes is explained using FIG. 90. 

Assume that the rotor stopped at ( D) in FIG. 90. In this· case, the 

pseudo-pulse 436b is outputted from the delay circuit 436 in the pseudo-pulse 

generatirig circuit 431 after the period ti is expired which is set in the gate 

circuit 434 of the pseudo-pulse generating circuit 431. A pseudo-pulse 436b is 

outputted as a pulse train 431a from the pseudo-pulse generating circuit 431, 
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the count numbers 7a, 7b and 7c change from L- H - L to L - L - H. As 

explained above., since the driving signals 9a - 9f are ·outputted according to 

the combination of the rotor location signals 3a, 3b and 3c during a normal 

rotation, the current phase is not swi~ched even if the count numbers 7 a, 7b 

and 7c are changed. Accordingly, the relationship between the count numbers 

7a, 7b and 7c and the rotor location signals 3a, 3b and 3c do not satisfy the 

relationship of FIG. 31. · Therefore, an abnormal rotation signal 265b 

outputted from the nonnal rotation detecting circuit 265 becomes H level. 

At the time, if a.predetermined time has passed after starting and 

restarting, a rising edge of the abnormal rotation signal is detected in the 

restart pulse generating circuit 432 and the rising edge of the abnormal 

rotation signal is outputted as a restart pulse 7e. The restart pulse is inputted 

into the commutation circuit 9 and then the- commutation circuit changes to a 

starting mode. The commutation circuit outputs the driving signals 9a - 9f at 

starting mode according to the combination of the count numbers 7a, 7b and 

7c, then the driving sigpals 9a - 9f becomes H - H - L - L - H - L as seen from 

FIG. 7, FIG. 27 and the current is supplied to W-V phase. Since the current is 

supplied to W-V phase, the rotor rotates toward normal rotational direction. 

And when the rotor location signals 3a, 3b and 3c change to L - L - H, the 

relationship between the count numbers 7 a, 7b and 7 c and the rotor location 

signal3a, 3b and 3c satisfies the relationship of FIG. 31, then the abnormal 

rotation signal 265b becomes L level. After then, the commutation circuit 

switches the current supply by the relationship of FIG. 27 according to 

combination of the count numbers 7a, 7b and 7c until the rotor becomes a 

normal rotation state. 

Embodiment 27 
. . 

In this embodiment, a construction and an operation of a brushless motor 

driving circuit having a switching means for switching inodes from the starting 

'..' mode to a normal rotatiofl: mode is explained below. 

FIG. 91 shows a concrete construction example of a starting circuit 406b. 

Iii FIG. 91, the rising edge detecting circuit, the falling edge detecting circuit, 
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the pulse selection circuit, the pseudo-pU:lse ·generating circuit, the hexa 
counter, the normal direction detecting circuit, the restart pulse generating 

circuit are the same as those of embodiment 26. · The new element 450 is a 

switching signal generating circuit for outputting a switching signal 450a 

which selects the count numbers 7a, 7b and 7c or the rotor location signals 3a, · 

3b and 3c when the commutation circuit 9 outputs the driving signal 9a - 9f. 

Here, the commutation Circuit 9 of this embodiment refers the count numbers 

7a, 7b and 7c when the switching signal 450a is at L level, and refers the rotor 

location signals 3a, 3b and 3c when the switching signal 450a is at H level. The 

switching signal generating circuit 450 is explained below. 

In this embodiment, a motor rotation signal Sa and a restart pulse 432a 

are inputted into the switching signal generating circuit 450. The switching 

signal 450a is inputted into the c.ommutation circuit 9. 

FIG. 92 shows a concrete construction of a switching signal generating 

circuit 450. In FIG. 92, the numeral 451 denotes a rising edge detecting 

circuit, the numerals 452, 455 denote OR circuits, the numeral 453 denotes a 

counter, the numeral 454 denotes a gate circuit. 

FIG. 93 shows respective portions of signal waveforms for explaining an 

operation of .the switching. signal generating circuit 450. The counter 453 is 

initialized by a rising edge of the motor rotation signal 5a or a restart pulse 

432a and is counted up in. synchronism with the output 455a of the OR circuit 

455. The gate circuit 454 decodes the count number 453a and outputs L level 

wh_en the decoded value is smaller than a predetermined value, and outputs H 

level when the decoded value· is larger than a predetermined value. 

Accordingly, the switching signal 450a is at L le_vel until the predetermined 

period expires after starting or restarting, and at H level other than the above 

period .. 

The switching· signal 450a is inputted into the :comn_mtation circuit 9, and 

- the commutation circuit 9 switches the referring means according to the 

switching signal 450a. 

Embodiment 28 



77 

In this embodiment, a brushless motor having a speed difference 

compensation filter in which a low pass gain characteristics is improved .in 

comparison with the conventional speed difference compensation filter is · 

explained below. The general. construction of the brushless motor driving 

circuit of this embodiment is the same as those in FIG. 1 or FIG.. 78 the 

description is omitted. A construction of the speed difference compensation 

filter which is important for realizing the invention is explained below. 

FIG. 94 is a transfer block diagram in which the speed difference 

compensation filter is comprised of analog filter. In FIG. 94, the numeral 460 

·denotes a proportion - integration ( PI) filter, the numeral 461 denotes a first 

order delay filter, the numeral 462 denotes a gain element or coefficient 

multiplier, the numeral 463 denotes an adder, the numeral 464 denotes a first 
order delay filter. A speed difference detection signal 409a which is outputted 

from the speed difference detecting circuit 409 is inputted to an input terminal 

X .of the speed difference compensation filter. An output signal outputted 

from the terminal Y is supplied to the current supplying circuit 411 as a 

current indication value 41 Oa for the armature wind~g. This speed difference 

compensation filter 94 is different from the conventional speed difference 

compensation filter shown in f'IG. 123 in that the present filter adds the speed· 

difference detection signal 409a to the output of the PI filter 460 through the 

first order delay filter 461. 

In this configuration, the transfer function Ge (s) of the speed difference 

compensation filter is given by an equation (6). 

Ge (s) = {Kp ( l+l (Tis)+ Kw I (I+ TA_S )} x 1 / ( 1+ TL s) (6) 

FIG. 95 shows a simulation result of open loop characteristics of the 

speed difference compensation filter when 

Kp = l, T1 = 1 / - 21t x 10), Kw= l;TA =l / ( 21t x 5), TL= l / ( 21t x 60). 

The broken line in FIG. 95 shows a simulation result of the conventional 
speed difference compensation filter when 
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Kp = l, T1 = l / ( 21t x 10), TL =l / ( 21t x 60). 

This FIG. 95 shows tha~ the filter of the present invention provides a 

improved low pass gain characteristic. 

FIG. 94 shows an example comprised of an analog Jilter, but it is possible 

to be comprised of digital filter. 

FIG. 96 shows a transfer block diagram in which the speed difference 

compensation filter is comprised of the digital filter. In FIG. 96, the numerals 

470 - 472 denote delay elements which causes the signal to delay by one 

sampling period, the numerals 473 - 479 denote gain elements, the numerals 

480 - 483 denote adder. 

The delay element 471, the.gain elements 476, 477 and the adders 481, 

482 constitute a PI filter 484. The delay element 470 , the gain elements 473 

- 475, the adder 480 constitutes· a first order delay filter 485. The delay 

element 472, the gain elements 478, 479, the adder 483 constitutes a first order 

delay filter 486. 

In this configuration, the tr~sfer function Ge (z) of the speed difference 

compensation filter is given by an. equation (7). 

Ge "(z) = {Kp + K1 I ( 1- z -1) +Kw ( 1 - KA) I ( 1 - KA z ~1)} 

x ( 1 - KL) I ( 1- KL z -1) 

Embodiment 29 

(7) 

In the embodiment, another speed difference compensation filter which 

has a improved low pass gain characteristics in comparison with the 

conventional speed difference compensation.filter is explained. 

FIG. 97 is a transfer block diagram ~here a speed difference 

compensation filter is comprised of analog filter. In FIG. 97, the same 

elements as those in FIG. 94 are indicated by the same numerals. This speed 

difference compensation filter is different from the conventional speed 

difference compensation filter in that the output of the first order delay filter 

461 which is supplied by the speed difference detection signal 409a is applied 
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to an output of serial circuit of the PI filter 460 and the first order delay filter 
464. In this configuration, the transfer function Ge (s) of the speed difference 

compensation filter is given by an equation (8). 

Ge (s) = Kp ( 1+1 / T1 s) x l / ( 1+ TL s) +Kw I ( l +TA s) (8) 

FIG. 98. shows a simulation result of open loop characteristics of the 
speed difference ·compensation filter when 

Kp = l, T1=1 / ( 27t x 10), Kw= 1; TA =l / ( 27t x 5), TL= l / ( 2 7t x 60). 

The broken line in FIG. 98 shows a simulation result of the conventional 

speed diff~rence compensation filter when 

Kp = l, T1 = 1 / ( 21t x 10), TL =1 / ( 2 7t x 60). 

This FIG. 96 shows that the filter of the present invention provides a 

improved low pass gain characteristic. 
FIG. 97 shows an example comprised of an analog· filter, but it is possible 

to be comprised of digital filter. 
FIG. 99 shows a transfer block diagram in which the speed difference · 

compensation filter is comprised of the digital filter. In FIG. 99, the same 

elements as those in FIG. 78 are indicated by the same numerals. The 
numerals 487, 488 denote adders. In this configuration, the transfer function 
Ge (z) of the speed difference compensation filter is given 'by an equation (9). 

Ge (z) = {Kp +K1 I ( 1 - z·-1)} x ( 1 - KL) I ( 1- KL z -1) 

+Kw ( 1 - KA ) I ( 1 - KA z -1) 

Empodiment 30 

(9) 

In this embodiment, a brushless motor driving circuit which switches a 

target rotation speed of the speed difference detecting circuit and a gain of the 
gain element in the speed difference compensation filter when the indicated 
rotation speed has changed is explained. 
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FIG. 100 is a block diagram which shows a general construction of a 

brushless motor driving circuit of the embodiment 30. In FIG. iOO, the same 

elements as those in FIG. 78 are indicated by the same numerals .. The·numeral 

490 denotes an input terminal where a mode switching signal 490a is inputted. 

A mode switching signal 490a· is inputted from outside of the brushless motor 

driving circuit and is comprised of binary signal for switching the motor 

rotation speed 

In the above mentioned waveform shaping circuit 3, the logic pulse. signal 
. . 

3d outputted from OR circuit is supplied for a predetermined period at a · 

nonnal rotation. Accordingly, this logic pulse signal 3d can be µsed as a speed 

signal for controlling the rotation speed. 

FIG. 101 is concrete constru~tion example of the speed di(ference 
. . 

detecting circuit 409. In FIG. 101, the numerals 491, 492 denote initial value 

registers, the numeral 493 denotes a selector, the numeral 494 denotes a 

counter. The initial value registers 491, 492 provide initial values of target 

rotation speeds. In this embodiment, there are two initial value registers in 

order to respond to two kinds of indicated rotation speed. The selector 493 

switches the two kinds of initial registers 491, 492 according to the logic level 

of the mode switching signal 490a. The counter 494 loads an initial value 

selected by these selector 493 at the timing of rising edge of the logic pulse 

signal 3d, and counts up in synchronism with the clock. 

. For example, a period of the logic puls~ signal 3d Which is 1 (m sec) or 

0.5 (m sec) at nonnal rotation is explained in correspondence with the two 
. . . 

indicated rotation speed (the indicated rotation speeds are expressed A and B, 

respectively). · 

Here, assume that the clock frequency is 1 (MHz), and the indicated 

rotation speed A corresponds to H level of the mode switching signal 490a and 

the indicated rotation speed B corresponds to L level of the mo~e s\vitching 

signal 490a. -1000 is set to the initial value register 491, and -500 is set to the 

initial value register 492. 

In such construction, when the mode switching signal 490a is at H level, 

the selector 493 selects the initial value register 491 and the counter 494 loads 
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-1000 for a initial value at a timing of rising edge of logic pulse signal 3d. 
Then, the counter 494 counts up in synchronism with to the clock and outputs a 
negative value when the period of logic pulse· signal 3d is less than 1 (ni sec) 
and positive value when the period ~f logic pulse signal 3d is larger than 1 (m 
sec) as a speed difference detection signal 409a. 

On the other hand, the mode switching signal 490a is. at L level, the 
selector 493 selects the initial value register 492 and the counter 494 loads -
500 foi a initial value at a timing of rising edge of logic pulse signal 3d. Then, 
the counter 494 counts up in synchronism with to the- clock and outputs a 
negative value when the period of logic· pulse signal 3d is less than 0.5 (m sec) 
and positive value when the period of logic pulse signal 3d is larger than 0.5 
(m sec) as a speed difference detection signal 409a. __ .~ .. 

Embodiment 31 . 
In the above embodiments, an operation of the speed diffe~nce detecting 

circuit 409 in case of the indicated rotation speed is changed is explained. But, 
since the target rotation speed is switched, there is a problem that the detection 
sensitivity varies by the difference· of indicated rotation speed. In this . . 

embodiment, in order to solve the above problem, the gain ·element of the 
speed difference compensation filter is also switched. 

FIG. 102 is a block diagram of PI filter 484A when the speed difference 
compensation filter is switched. In FIG. I 02, the same elements as those in 
FIG. 96 of the embodiment 28 are indicated by the same numerals. The 
numerals 495, 496 denote new gain elements which respond to the other 
indicated. rotation speed, the numerals 497, 498 denote .selectors. The selectors 
497, 498 selects gain element 476 or 495 and gain element 477 or 496, 
respectively, according to the logic level of the mode switching signal 490a. In 
the same way, the gain element~ of the first order delay filters 485, 486 are 
also switched by the mode switching signal 490a. Of course, other general 
methods for switching the gain may be used. 

Further, in this embodiment~ an example for switching the indicated 
rotation speed by binary signal of one bit, but it is possible to switch the 
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indicated rotation speed by the binary signal of N bit ·when a plurality ·of 
indicated rotation speeds are used. 

Embodiment 32 

In this embodiment, a relation is explained between the switching timing 

for switching the current supplying phase and the timing for increasing or 

decreasing the to supply current to the annature windings of the brushless 
. . 

motor driving circuit of the present invention. The general cQnstruction of 

brushless motor driving circuit of this embodiment is similar to FIG. 78. 

FIG. 103 shows a timing chart for explaining an operation of the 

brushless motor driving circuit at a nonnal direction. In FIG. 103, the 

numerals 3a, 3b and 3c represent rotor location signals,. the numerals 9a - 9f 

represent driving signals, the numeral 3d represents a logic pulse signal 

indicating a speed, the numeral 409a represents a speed difference signal, the 

numeral 41 Oa represents a current indication value. At a normal rotation, the 
. -

driving signals 9a - 9f is generated by· the rotor location signals 3a, 3b and 3c. 

Accordingly, at a normal rotation, the switching of the current supplying phase 

is carried out at the timing shown in FIG. 103. 
The logic pulse signal 3d is a both edge differential pulse of the rotor 

location signals 3a, 3b and 3c. The speed difference detecting circuit 409 

m~ures a period of the speed signal 3d, and outputs a period difference 

which is a difference between t:he target value and the measured value as a 

speed difference detection signal 409a at a timing shown in FIG. 103. The 

speed difference detection signal 409a is inputted into the speed difference 

compensation filter 410. The speed difference compensation filter 410 carries 

out a filter arithmetic operation so that the speed difference detection signal 

409a becomes zero. 
Since it takes a certain time· to carry out the filter arithmetic operation, 

change of the current indication value 41 Oa delays by the operation time period 

after the speed difference detection signal 409a has changed. The current 

supplying circuit 411 regulates the current quantity which is supplied to the 

annature winding. 
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As mentioned above, in the brushless motor driving circuit of the 
invention, a switching timing is synchronized with a timing for increasing and 

decreasing the armature winding. Therefore, the timing for increasing and 

decreasing the current supplied to the annature winding is delayed for a period 

in corresponding to the arithmetic operation after the commutation has carried 

out. 

Embodiment 33 

Iii this embodiment, a brushless motor driving circuit for supplying a 

maximum current to the annature winding during the starting and restarting is 

explained. 
· F1G. 104 is a block diagram which shows a general construction of a 

brushless motor driving circuit. That is, in this construction, the switching 

signal 450a is input into the speed difference compensation filter 410 as 

explained in embodiment 27. 

FIG. 105 shows a construction example of a speed difference 

compensation filter. In FIG. 105, the numeral 600 denotes a micro controller, 

the numeral 601 denotes a DI A converter, the numeral 602 denotes a register 

group comprised of registers 0 - N in the micro controller 600. A speed 

difference detection signal 409a inputs into the niicro controller 600. The 

micro controller 600 carries out a filter arithmetic operation as shown in the 

embodiment 28 and embodiment 29 and stores the result into the register N. 

Further, the micro controller 600 outputs the value which ·is stored in the 

register N to the D I A converter 601 at a predetennined timing. The digital 

value stored in the register N is converted into an analog value in the D I A 

converter 601 and outputted to the current supplying circuit 411 as a current 

indication value 4 lOa. 

The swi~hing signal 450a for switching the starting mode and the normal 

rotation mode is inputted into the micro controller 600. The switching signal· 

450a is at L level until the predetermined period passed and at H level after 
. . 

then as explained ·in the embodiment 27. The micro controller 600 initiates the 

register N, when .the switching-signal 450a becomes L level, and then set the 
. . . 
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value of register N to maximum. 
Accordingly, the current indication value 41 Oa is set to maximum value 

during the switching signal 450a is at L level, then a maximum current is 

supplied to the armature winding during a period of starting and restarting. 

Embodiment 34 
FIG. 106 is a block diagram of a thirty fourth embodiment of the present 

invention which shows a general construction a brushless motor driving 
device. In FIG. 106, the same elements as those in FIG. 78 are indicated by 
the same numerals. 

The commutation circuit 9 explaining. in embodiment 27 refers the count 
numbers 7a; 7b and 7c at starting, and refers the rotor location signals 3a, ~:h 
and 3c at normal rotation mode and outputs driving signals 9a - 9f. A 
commutation circuit 610 of this embodiment refers lhe co11nt numbers 7a, 7b 

and 7c and outputs driving signals 9a - 9f at both starting mode and normal 
rotation mode. The logical relationship between the count numbers 7a, 7b and 
7c and the driving signals 9a - 9f is similar to FIG. 27 .. 

'. In this embodinient, another construction example of a pulse selection 
circuit is explained. 

FIG. 107 shows a concrete const;ruction example of a pulse selection 
circuit 609 having another construction of a pulse selection circuit 256. In 
FIG. 107, the numerals 611 - 613 denotes inversion circuits, the numerals 614 
- 625 denote three inputs AND circuits, the numeral 626 denotes six inputs OR 

circuit. 
The operation of the pulse selection circuit 609 shown· in this embodiment 

and the pulse selection circuit 256 shown in embodiments 8, 26 is compared · 
below. 

FIG. 108 shows a timing chart of the rotor location signals 3a, 3b and 3c, 
the rising and falling edge pulses 250a - 255a, the count numbers 7a, 7b and 
7 c, the output signal 256a of the pulse selection circuit 256, the output signal 
43 la of the pseudo-pulse generating circuit 431 at reverse rotation of constant 
speed. 



85 

On the other hand, FIG. 109 shows a timing chart of the rotor location 

signals 3a, 3b and 3c, the rising and falling edge pulses 250a - 255a, the count 

numbers 7a, 7b and 7c, the output signal 609a of the pulse selection circuit 

609, the output signal 431a of th~ pseudo-pulse generating circuit 431 at 

reverse rotation of constant speed. 

The pulse selection circuit 256 shown in embodiment 8, 26, outputs 

inputted edge pulses witho1:1t changing then when the relation between the 

inputted edge pulse 250a - 255a and-the count numbers 7a, 7b and 7c satisfies a 

relation shown in FIG. 25, and masks the edge pulse when they do not satisfy 

the relation shown in FIG. 25. 

The operation is explained using FIG. 108 and 109 below. Assume that 

· the initial value of the count number is L - L - L. The edge pulses 255a, 252a 

arid 251a are sequentially detected in (E), (F), (G) of FIG.108, FIG. 109. 

Since the count numbers are L - L -: L, the pulse selection circuit 256 masks 

the edges other than 253a. Accordingly, the edge pulses 255a, 252a and 251a 

detected at (E), (F), (G) are masked. 

In the same way, these edge pulses are masked in the pulse selection . 

circuit 609. Smee there is no input to the pseudo-pulse generat~g circuit 431 

after a predetermined time t1 which is set in the pseudo-pulse generating 

circuit 431 is passed, the pseudo-pulse generating circuit 431 generates a 

pseudo-pulse as shown in (H). The hexa counter 257 is ~ounted up by this 

pseudo-pulse, and therefore the count number becomes H - L - L. Edge pulse 

254a is detected in (I) in the figure. Since count numbers are H - L - L, the 

· edge pulse 254a detected at (I) in the figure is outputted without masked at the 

selection circuit 256. As described above, the pulse selection circuit 256 can 
not mask completely the edge pulses 250a - 255a at a reverse rotation. 

On the other hand, in the present pulse selection circuit 609, since the 

rotor location signal 3a is L at (I) in· the figure, the edge pulse 254a detected at 

(I) in the figur~ is masked. As described above, the pulse selection circuit 609 

of this embodiment selects edge pulses according to a logical combination of 

the rotor location signals 3a, 3b and 3c in addition to a combination of the 
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count number and inputted edge pulses. Therefore, as shown in FIG. 109, it is 
possible to mask completely the edge pulses 250a - 255a at reverse ~tation. 

Embodiment 35 

Next, an example for reducing noise using trapezoidal shaped rotor 

_driving signal is explained. 

FIG. 110 is a_ block diagram of a thirty fifth embodiment of the present 

invention which shows a general construction a brushless motor driving 

device. In FIG. 110, the same elements as those in FIG. 106 are indicated by 

the same numerals. 

The numeral 630 denotes a loBic circuit for outputting a plurality of logic 

signals 630a - 630g which are necessary to compose a tr~pezoid shaped 

driving signal, the numeral 631 is a charging I discharging circuit for charging 

and discharging to I from capacitor 632 according to an output signal 630g 

from the logic circuit, the numeral 632 denotes a trapezoid wave comb~ation 

circuit·for composing trapezoid shaped driving signals 632a - 632f from 

output signals 631a of the charging I discharging circuit and an output signal 

630a - 630f of ~e. logic circuit. 
The trapezoid driving signal generaiing circuit 633 is constituted by the 

logic circuit 630, the charging I discharging circuit 631, the trapezoid wave 

combination circuit 632. 

FIG. 111 shows .a concrete logic circuit in trapezoid driving signal 

generating circuit 630. In FIG. 111, the numerals 635-643 denote an AND 

circuit, the numeral 644 denotes three input OR circuit. The operating 

wavefonn of the output signal 630a - 630g of the logic circuit 630 is shown in 

FIG. 113. 

FIG. 112 shows a concrete construction of charging and discharging 

circuit 631. In FIG. 112, the numerals 645, 646 are constant current source, 

the numeral 647 denotes a capacitor. SWl turns ON when the output signal 

630g of the logic circuit 630 is at H level, and turns OFF when the output 

signal 630g of the logic circuit 630 is at L level. 

An operation of charging I discharging circuit 631 is explained below. 
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wave combination circuit 632.· 

FIG. 114 shows a concrete construction of trapezoid wave combination 

circuit 632. In FIG. 114, the numerals 648 - 651 denotes inverted amplifier 

circuits, the numerals 652 - 657 denote NAND circuits. . Assume that an 

operation voltage range of an output signal 631 a of the charging I discharging . 
circuit 631 and output signals 630a ;_ 630f of the logic circuit 630 are the 

same, and Vref is the center voltage_ of operation· voltage range. 

The output signal and 631a of the charging I discharging circuit 631 is 

inputted into a inverted input terminal of the inverted amplifier circuit 648, 

and the reference voltage Vref is inputted into the .non-inverted input terminal 

to obtain a trapezoidal wave whic~ is an inverted output signal 631a against the 

reference voltage Vref. In the same way, the inverted amplifier circuits 649, 

650 and 651 obtain a inverted signal by inverting each 630a, 630c and 630e 

signal against the reference voltage Vref. 

An concrete operation of _the trapezoidal wave combination circuit 632 is 

explained .. Here, portions for composing the trapezoid driving signal 632a 

here are mainly explained. SW2, SW3 and SW4 tum ON when each 630d, 

630f, 652a is at H level, and tum OFF when at L level. The numeral number 

652a is an output signal of the NAND circuit 652. During the period Ta 

shown in FIG. 113, since 630d is at H level, 630f is at L level, 652a is at L 

level, only SW2 turns ON, the trapezoid driving signal 632a becomes an output 

the signal 631a of the charging and discharging circuit 631. During the period 

Tb, since 630d is at L level, 630f is at L level, 652a is at H level, only SW4 

turns ON, and the trapezoid dnving signal 632a becomes an inverted signal of 
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630e against Vref. During the period Tc, since 630d is at L level, 630f is at H 
level, 652a is at L level, only SW3 turns ON, and the trapezoid driving signal 

632a becomes an inverted signal of 631a against Vref. During the period Td, 
since 630d is at L level, 630f is at L level, 652a is at H level, only SW 4 turns 

ON, and the trapezoid driving signal 632a becomes an inverted signal of 630e 
against Vref. As described above, the trapezoid driving signal 632a is 
composed. 

The trapezoid driving signals 632b - 632f are composed in a similar step. 
In this way, thetrapezoid driving signal generating circuit 633 generates 
trapezoid driving ·signals 632a - 632f, rising and falling gradient potions of 

. which begin from the rising and falling edge point'of the driving sigtµtls 9a -
9f. 

Embodiment 36 
In this embodiment, a driving circuit for brushless motor which changes 

gradient time of the trapezoid driving signal_s 632a - 632f corresponding to the 
indicated rotation speed inputted from ·outside. 

FIG. 115 is a block diagram of a thirty sixth embodiment of the present 
invention which shows a general construction a brushless motor driving 

device. In FIG. 115, the same elements as those in FIG. 110 are.indicated by 
the same numerals. In FIG. 115, the numeral 660 denotes a terminal where a 
mode switching signal 660a "is inputted, the numeral 661 denotes another 
charging and discharging circuit which is different from the charging and 
discharging ·circuit 631. The mode switching signal 660a is a binary signal 
which polarity changes corresponding to the indicated rotation speed and is 

inputted from outside of the brushless motor driving circuit. 

FIG. 116 shows a concrete construction of charging and discharging 
circuit 661. In FIG. 116, the numeral 662 is an ~verted circuit, the numerals 
663, 664 is constant current source. SW5, SW7 .turns ON when the mode 
switching signal 660a is at H level, and turns OFF when the mode switching 
signal 660a is at L level. SW6, SW8 turns ON when the mode switching signal 
660a is at L level, and turns OFF when the mode switching signal .660a is at H 
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level. 
Next, an operation of charging and dis~harging circuit 661 is explained 

when the mode switching signal 660a is at H level. When the output signal 
630g of the logic· circuit is at L level, SWl turns OFF and the capacitor 647 is 
charged by the constant current 13.. On the other hand, when the output signal 
630g of the logic circuit is at H level, SWl turns ON and the capacitor 647 is 
d~scharged by the constant current 13. The relation be~een the output signal 
630g of the logic circuit 630 and the output signal 661a of the charging and 
discharging circuit 661 is shown at H. level of 632a in FIG. 117. 

When the mode switching signal 660a is at L level, the capacitor 647 is 
charged through the constant current 14 when the output signal 630g of the 
logic circuit is at L level and the capacitor 647 is.discharged through the 
constant current 14 when the output signal 630g of the logic circuit is at H 
level.· 

When 14 is set such as 14 = 0.5 x 13 , the output signal 661a of the 
charging and discharging circuit 661 is shown at L level of 632a in FIG. 117, 
the gradient time of trapezoidal wave becomes twice. The output signal 661a . 

. . . 

of the charging and discharging circuit 661 is inputted into trap~zoid wave 
combination circuit 632 which output trapezoid driving signals 632a - 632f as 
described in the manner of embodiment. 35. When the mode switching signal 
660a is switched according to the indicated rotation speed, it is possible to . 

change gradient time of the trapezoid driving signals 632a - 632f 
corresponding to the indicated ~otation speed inputted from o~tside. 

Embodiment 37 
. The rising and falling gradient potions of trapezoid driving signals 632a -

632f generated in the trapezoid driving signal generating circuit 633 begin 
from the rising and falling edge point of the driving signals 9a - 9f. 
Accordingly, the switching point of the driving current delays from the ideal 
commutating timing, therefore~ torque generation efficiency decreases. In this 
embodiment, a construction ·and operation of brushless motor driving circuit in 
which the phase of rotof location signal detected from each phase tenninal 
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voltage or µie inter-tenninal voltage differences of respective phases is put in a 

· · leading phase against the gradient time of the trapezoid driving signal is 

ex.plained. 

FIG. 118 is a block diagram of a thirty seventh embodiment of the 

present invention which shows a general construction a brushless motor 

driving device. In FIG. 118, the same elements as those in FIG. 110 are 
indicated by the same numerals. In FIG. 118, the numeral 670 denotes 

another new comparator which is different.from the.comparator 2 in FIG. 

110. 

FIG. 119, sho~s a concrete construction of comparator 670. In FIG. 119, 

the numerals 671 - 685 denotes resistors, the numerals 686 - 688 denote 

differential ~plifier circuit. 

An concrete operation of the co~parator 670 is explained below. 

For one example, assume that the resistance values of the resistors 671 - 685 

are set as shown in FlG. 119. At this time, the output signal 686a of the 

differential amplifier circuit 686 becomes ia + 1 b - 2 x 1 c, the output signal 

687a of the differential amplifier circuit 687 becomes lb+ le - 2 xla and the 

output signal 688a of the differential amplifier circuit 688 becomes le + la - i 
x lb. 

Now, la, lb and le are three ·signals each of which are shifted by 2 1t /3, 
the output signal 686a, 687a and 688a of the differential amplifier Circuits 686, 

687 and 688 are obtained by equations {11), (12) and 03). 
The output signal_686a, 687a and 688a of the differential amplifi~r.circuits 

686, 687 and 688 are compared with Vref at each comparator 85, 86 and 87 

arid obtained logic signals 670a, 670b and 670c. 

la= sine 
1 b = sin < e + z 1t /3 ) 
1 c = sin ( e -2 7t /3 ) 

686a = sin e + sin ( e + 2 1t /3 ) - 2 x sin ( e -2 1t / 3 ) 

=3xsin(0+7t/3) 

(10) 

(11) 
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687a = sin ( e + 2 1C / 3 ) + sin ( 9 - 2 1C /3 ) - 2 x sin e 
= 3 x sin ( 9+1t) (12) 

688a = sin ( e -2 1C / 3 ) + sin 9 - 2 x sin ( e +2 1t /3) 

=3 x sin ( a -1t / 3 ) 

. . 

(13) 

Here, -a concrete operation of the comparator 2 is explained once again. 

For one example, assqme that the resistance values of all resistors 70 - 81 are 
set to IOK Q as shown in FIG. 110. 

At this time, the output signal 82a of the differential amplifier circuit 82 

becomes 1 a - 1 c:, the output signal 83a of the differential amplifier circuit 83 

becomes 1 b - la and the output signal 84a of the differential amplifier circuit 

84 becomes le-lb and the above outputs are obtained by equations (14), (15) 

and (16), respectively. 

The output signal 82a, 83a and 84a of the differential amplifier circuits 

82, · 83 and 84 are compared with Vref at each comparator 85, 86 and 87 and 

obtained logic signals 2a, 2b and 2c. 

82a = sin e -sin ( 0 - 2 1C I 3 ) 

= .[" 3 x sin ( 0 + 1C J 6 ) 

83a = sin ( e +2" 1t / 3 ) - sin e 
= .r 3 x sin ( e +5 1C / 6 ) 

84a = sin ( 9 - 2 7t I 3 ) - sin ( 9 + 2 1t / 3 ) 

= ..r 3 x sin ( q - 1t I 2 ) 

(14) 

(15) 

(16) 

The output signal 686a, 687 a and 688a of the differential amplifier 

circuits 686, 687 and 688 are leading by 1C I 6 against the output signal 82a, 

83a and 8.4a of the differential amplifier circuits 82, 83 and 84. Accordingly, 
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the comparator 670 obtains logic sigrulls 670a, 670b, 670c which is leading by 
1t / 6 against the logic signal 2a, 2b and 2c obtained from the comparator 2. · 

In this embodiment, the resistance value of the resistors 671 ,;... 685 are set 
. . 

such as shown in PIO. 119, it is possible to change the resistance value of the 
. resistors 671 - 685 to get another leading ph~e.· As described above, it is · 
·possible to coincide the current switching point with the ideal commutation 
timing by leading the phase of rotor location signal. 

In this embodiments, a circuit using a charging I discharging circuit is 
used for the trapezoid driving signal generation circuit but it is possible to use 

. . 

a charging I discharging circuit 661. · . 
In this specification, the embodiments 1- 37 are s~parated each other, but 

it is apparent that the same effect can be obtained even if these embodiments 
are combined. 
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what is claimed is : 

1. A brushless motor driving circuit for driving a plurality of the 

armature· windings of a brushless niotor, comprising: 

a plurality of the terminal voltage~ detection means located at every phase 

of the annature windings; 
a terminal voltage compensation means for addirig or subtracting a 

compensation value to/from the tenninal voltage of an armature windings 

detected at respe~tive phases during actual driving period, said compensation 

value is detennined by a resistor of said armature winding and a winding 

current; and 

a comparator means for comparing respective terminal voltages after 

compensation has carried out to obtain a rotor location sigital; 

said armature windings are driven by said rotor location signal detected at 

said comparator means. 

2. A brushless motor driving circuit for dtjving a plurality of the 

armature windings of a brushless motor, comprising: 

a plurality of the terminal voltages detection means located at every phase 

of the annature windings; 

a terminal voltage difference compensation means between respective . 

phases for adding or subtracting a compensation value to/from the terminal 

voltage difference of respective phases detected between the armature w~dings 

during actual driving period, said compensation value is determined by a 

resistor of. said armature winding and a win.ding current; and 

a comparator means for comparing respective terminal voltage difference 

between respective phases after compensatiOn has carried out to obtain a rotor 

location signal; 

said armature windings are driven by said rotor location signal detected at 

said comparator means. 

3. The brushless motor.driving circuit of claim 1 or 2 further com- _ 
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prising: 
a rising and falling signal detection means for deiecting a rising and 

falling signal of the rotor location signal to speed-feedback-control by as­

suming the detected resultant signal as a detected speed signal. 

4. The brushless motor driving circuit of claim 1 wherein a driving 

signals is applied to a tenn~nal voltage compensation means of respective. 

phases during the driving signals is applied to a bridge circuit for exciting and 

driving atllla:ture w:indings of respective phases. 

5. The brushless· motor driving circuit of claim 2 wherein a driving 

signals is applied to a terminal voltage difference compensation means between 

respective phases during the driving signals is given to a bridge circuit for 

exciting and driving annature windings of respective phases. . 

6. The brushless motor driving circuit of claim 1 further comprising: 

an actual current detection resistance which is connected serially to a 

bridge circuit for exciting the armature windings; 

the current flowing in the detection resistor is applied to tenninal voltage 

compensation means as a winding current. 

7. The brushless motor driving circuit. of claim 2 further comprising: 

an actual current detection resistance which is connected serially to a 

bridge circuit for exciting the ·armature wi~dings; 

the current flowing in the detection resistor is applied to a terminal · 

voltage difference compensation means between respective phases as a winding · 

current. 

8. The brushless motor driving circuit of claim 1 or 2 further com- · 

prising: 
a differentiation circuit for detecting a rising· and falling edge of com­

parison signal of the terminal voltages and a voltage differences between 
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respective phases; and . 
a latch circuit for latching the comparison signal at the timing when the 

edge is dete_cted in the differentiation circuit; 

said annature windings of respe(!tive phases are driven as a rotor location 

signal by combining said output signals of latch circuit. 

9~ The brushless motor driving circuit comprising: 

a rotor location signal generation means for detecting a rotor location 
signal of the brushless motor from the terminal voltages or a voltage 

differences betwee~ respective phases; 

a counter for detecting a rising and falling edge of the rotor location . 

signal of the output, selecting one of the necessary edge signal from the 

respective detection edge signals and counting necessary edge signals and· 

applying it to the armature windings of respective phases at starting; and 

a pulse generating counter, one inpµt of which is connected to the output 

of the counter, for counting up the counter when the input is not obtained for a 

predetermined of period; 

an output of said counter is applied to the armature winding at starting 

for driving the rotor of the brushless motor. 

10. The brushless motor driv~g circuit comprising: 

a rotor location signal generation means for detecting a rotor location 

signal of the brushless motor from the terminal voltages or a voltage 

· differences between respective phases; 

· a counter for detecting a rising and falling edge of the rotor location 

signal of the output, selecting one of the necessary edge signal from the 

respective detection edge signals and counting necessary edge signal and 

applying it to the annature windings of respective phases at starting ; 

a pulse generating counter, one input of which is connected to the output 

of the counter, for counting up the coun~er when the input is not obtained for a 

predetermined of period; and 

a normal rotation detecting means for monitoring motor rotation by 
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combining the rotor location signal with the counter output; 

said normal rotation detecting. means generates a restart pulse for 

restarting the motor and applies an output of the counter to the armature 

windings for driving th~ rotor of the brushless motor at abnormal rotation. 

11. ·The brushless motor driving circuit of claim 9 or 10 further 

comprising: 
. . 

a switching means for switching the armature windings of respective 

phases in response to the counter output at starting or restarting, or in response 

to the rotor location signal at nonnal rotation after starting or restarting; and 

a timer; 

. the switching means switches a starting or a restarting period according 

the tinter output. 

12. The brushless motor driving circuit of claim 9 or 10 further 

comprising: 

a switching means for switching the armature windings of respective 

phases in response to the counter output at starting or restarting, or in response 

· to the rotor location signal at nonnal rotation after starting or restarting; 

said switching means switches the annature windings when a counter 

output reaches a predetermined value as the starting or restarting period is 

completed. 

13. The brushless motor driving circuit of claim 9 or 10 further 

comprising: · 

a switching means. for switching the annature windings of respective 

phases in response to the counter output at starting or restarting; or in response 

to· the rotor location signal at nonnal rotation after starting or restarting; and 

a rotor speed signal detection means; . 

· said switching means switches the armature windings. when a detected 

. speed signal reaches a predetenrtined value as die starting or restarting peri~ 

is completed. 

• . 
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14. The brushless motor driving circuit of claim 9 or 10 further 

comprising: 

a switching means for switching the armatur~ windings of respective 

phases iii response to the counter output at starting or restarting, or in response 

to the rotor location signal at normal rotation after starting or restarting; and 

said switching means switches the annature windings when a detected the 

rotor location signal reaches a predetermined combined value as the s~ing or 

restarting period is completed. 

15. The brushless motor driving circuit of claim 9 or 10 further 

comprising: 
a switching means for switching the armature windings of respective 

phases in response to th~ counter outp~t at starting or restarting, or in response 

to the rotor location signal at normal rotation after starting or restarting; and 

said switching means switches the armature windings when a driving 

s~gnals supplied to the respective armature winding reaches a predetermined 

combined value as the starting _or restarting period is completed. 

16. The brushless motor driving circuit of claim 9 or 10 further 

co·mprising: 

a switching means for switching the armature windings of respective 

phases in response to the counter output at starting or restarting, or in response 

to the rotor location signal at-normal rotation afte~ starting or restarting; and 

a timer or a rotor speed signal detection means; 

said switching means switches the armature windings as the starting or 

restarting period is completed when all following conditions are satisfied, that 

is, when a setting time of the timer expires, when a detected speed signal 

reaches a predetermined value, when a counter output reaches a predetermined 

value, when a detected the rotor location signal reaches a predetermined 

combined value, when a driving signals supplied to the respective armature 

winding reaches. a predetermined combined value. 
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17. The bru~hless motor driving circuit of claim 9 wherein the counter 
outputs a restart pulse to make the rotor start as an abnormal rotation when the 
rotor location signal at the input has not changed for a predetennined period 
and counts up the counter forcefully. 

18. The brushless motor driving circuit of claim 9 further comprising: 
a location detector for detecting a location deviated by electrical angle 7t/6 

against th~ rotor location signal which is detect~d from the tenninal voltages 
or the voltage difference between respective phases; and 

a hold circuit for outputting a selection signal defined by an output of the 
location detector and a· starting indication signal; 

said counter decides a combination of a driving signals supplied to 
armature of respective phases at starting or restarting using said selection 
signal. 

19. The brushless motor.driving circuit of ciaim 9 further comprising: . 
a location detector for detecting a location deviated by electrical· angle 1f./6 

against the rotor location signal which is detected from the terminal voltages 
or the voltage difference between respective phases; 

a hold circuit for outputting a selection signal defined by an output of the . 
location detector and a starting indication signal; and 

an output of the location detector is used as a driving signals to the • 
armature at starting or restarting; and 

said counter decides a combination of the driving signals supplied to 
armature of respective phases using said selection signal aft~r starting or 
restarting . 

. 20. The brushless motor driving circuit of claim 1 or 2 further 
comprising: 

a differentiation circuit for detecting a· rising and falling edge of 
comparison signal of the terminal voltages and voltage differences between 
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respective phases; 
a timer for starting by a detected edge from the differentiation circuit 

and for stopping its operation after a predetermined period; and 
a latch circuit for latching the comparison signal at the timing when the 

edge is detected in the differentiation circuit and for releasing the latch at the 
timing when the timer has stopped; 

said annature windings of respective phases are driven as a rotor location 
signal by combining said output signals of latch circuit. 

21. The brushless motor driving circuit of claim 20 wherein 
a timer period during the latch circuit latches and releases the comparison 

signal is switched according to the indicated rotation speed to the armature. 

22. The brushless motor driving circuit comprising: 
a rotor location signal generation means for detecting a rotor location 

signal from the terminal voltages or a voltage difference between respective 
phases; 

a pulse generating means for detecting a rising and falling edge of the 
rotor location signal of the output, selecting a necessary edge signal from the 
respective detection edge signals to make output pulse train , and for supplying 
pseudo-pulse train when a necessary edge signal can not be obtained for a 

. . . 
predetermined period; 

a counter for counting an output of the pulse generation means; 
a normal rotation detection means for outputting an abnormal rotation 

signal when the rotor location signal and the count numbers has no 
predetermined relationship; and 

a restart pulse generating means for masking the abnormal rotation signal 
outputted from the abno1111:al rotation detection means during a predetermine 
period after starting and restarting and for outputting a restart pulse according 
to the abnormal rotation signal after the predetermined period; 

an output of the counter is applied to the armature winding for driving 
the rotor of the brushless motor at starting and during the predetermined 
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period set by the restart pulse at restarting. 

23. The brushless motor driving circuit of claim 22 further comprising: 

a $witching means for switching the armature windings of respective 

phases according to a value of the counter at starting or restarting and 

. acc~rding to the rotor location signal during a steady period after starting or 
restarting; ·and 

a timer; 
the switching means switches a starting or a restarting period according . 

the timer output. 

24. The brushless motor driving circuit comprising: 

a speed detection means for detecting a rotor speed; 

a speed difference detecting means for outputting a difference between the 

detected actual rotation speed of the rotor and a target rotation speed as a speed 

differen~e signal; and 

a speed difference compensation filter comprised of the a proportion -

integration (Pfl.) filter connected in parallel with a first order delay filter, the 

. input of parallel circuit· is the speed difference signal, the outputs of the 

parallel circuit are added and further supplied in series to another first order 

;delay filter, the output of ~e another first order delay filter is supplied to the 

armature windings as a current indication value. 

25. The brushless motor driving circuit comprising: 

a speed detection m~s for detecting a rotor speed; . 

a speed difference dete~ing means for outputting a difference between the 

detected actual rotation speed of the rotor and a target rotation speed as a speed 

difference signal; and 

a speed difference compensation filter comprised of a serial circuit of a 

proportion - integration (P/I) filter and a first order delay filter, the input of. 

circuit is the speed difference signal~ the $erial circuit is further· supplied in · 
parallel to another first order delay filter, the parallel output is added and 
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supplied to the armature windings as a current indication value. 

26. The brushless motor driving circuit comprising: 

a speed d~tection means for detecting a rotor speed; . 

a speed difference detecting means for outputting a difference between the 

dete<?ted actual r~tation speed of the rotor and a target rotation speed as a speed 

difference signal; and 
a speed difference compensation filter for obtaining a current indication 

value from the detected speed difference signal which is supplied to the 

armature windings; 
said target rotation speed of the speed difference detecting means and a 

gain of the speed difference compensation filter are changed according to the 
I 

indicated rotation speed which is supplied to the_ driving circuit of the brushless 

motor. 

27. The brushless motor driving circuit comprising: 

a rotor location detection means for detecting· a relative location of the 

armature windings and the rotor; 

a commutation control means for switching a current to an armature 

. winding at a detected rotor location; 

a speed detection means for detecting a speed of actual rotor speed; 

a speed difference detecting means for outputting a difference between an 

actual rotation speed of the rotor and target rotation speed as a speed 

difference signal; said 

a speed difference cQmpensation filter for obtaining a current indication 

value from detected speed difference signal in order to drive the armature 

winding; 
said commutation control means switch the current supplying phase 

and increase or decrease the current indication value which is applied to the 
armature winding after a predetermined period. 

28. The brushless motor driving circuit of any one of the claims 1 to 27 
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wherein 
a maximum current is supplied to the annature windings during a period 

of starting and restarting. 

29. The brushless motor driving circuit comprising: 

a rotor location signal generation means for detecting a location 

signal of rotor from each phase terminal voltage or voltage differences of 

respective phases; · 

a pulse generation means for detecting a rising and falling edge of rotor 

location signal of output of said rotor location signal generation means, for 

. providing an output pulse train by selecting a necessary edge signal from each 

detected edge signal, further for providing a pseudo-pulse train when the 

necessary edge signal is ·not detected for a predetermined period; and 

a counter for counting an output signal from the pulse generation means; 

the counter output is supplied to drive the annature winding. 

30. The brushless motor driving circuit of claim 1 or claim 2 fuither 

comprising: . 
a commutation circuit for obtaining an armature winding driving signal· 

from a rotor location signal detected in the rotor location signal detection 

means which includes a ~ompensa~on means for compensating each term.Uuµ 
voltage or voltage differences of respective phases and a comparing means for 

comparing each terminal voltage or voltage differences between respective 

phases; and 

a trapezoid driving signal generation circuit for forming a trapezoid 

driving signal from the output of the commutation circuit; 

the trapezoid driving signal is supplied to drive the armature· winding. 

31. The brushless motor driving circuit of claim 30 further comprising: 

a charging I discharging circuit in the trapezoid driving signal generating 

circuit for changing the gradient of the trapezoid driving signal by changing 

. the time constant of the charging I discharging circuit using a control signal 
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inputted from outside. 

32. The brushless motor driving circuit of claim 30 further comprising: 

a phase leading circuit for leading a phase of the rotor location signal, the 

leading quantity of tJi.~ phase leading circuit is set to substantially 1 / 2 of the 
gradient time of the. trapezoid driving signal .for driving the armature winding. · 


