Control System For a Brushless Motor The present invention relates to a
control systemfor a brushless notor whigch does not nake ‘use of a position
detector for detecting the position of @ novabl e el enent of I '

notor. Wth a viewto a recent- trend of inproving the Iifet%igbéiﬁﬁﬁgzgﬁs
reliability, a brushless notor is being |argely enployed for various drive,.
notors. In general, the brushless notor requires the use of a position <f
detector for detecting the position of a novable elenent. However, in

order to further reduce the price and the size, a brushless notor which

does not require the use of the position detec- tor is necessary. An
conventional exanple of a drive device for such a brushless notor is

di sclosed in, for exappherol ®yseannese hapdushgesBamMerib,ublication No.
52-80415. Her ei naft er——the—above—desctribed——conventTomal drive device

for the brushless nmotor will be discussed with reference to the draw ngs.
Fig. 13 is a circuit diagramof the conventional drive circuit for the
brushless motor. In Fig. 13, driving coils 1 to 3 are connected at their
one end with each other. The driving coil 1 is connected at the other end
to the - 2 - anode of a diode 4, the cathode of a diode 5 and the
respec- tive collectors of driving transistors 10 and 13. The driving
coil. 2 is connected ghet beegehtr Bivbritidieranadesoitad &i &ifrl dyifem
cat hode of a diode 7 and the respective collectors of driving transistors
11 and 14.fcdhe Hetghlegss morcr which dces not make use of a positicn

detector for detecting the position of a movable element cZ

an electzic motor.

With a view to a recent trend of improving th

lifetime and a reliability, a brushless motor is being

largely employed for variocus drive moters. In general, the

rushless motcr requires the use of é position detecter fcx

detecting the ﬁositicn of a movable element. However, in

order tc further reduce the price and the size, a brushless

motor which does not require the use of the position detec-

tor is necessary. An-ccnventional example bf a drive device

for such a brushless motor is disclosed in, for example, the
Japanese Laid-open Patent Publication No. 52-80415.

Hereinafter, the above described conventional

drive device for the brushless motor will be discussed with

reference to the drawings.
' Fig. 13 is a cixcuit diagram of the conventional
drive circuit for fhe brushless motor. In Fig. 13 , driving

coils 1 to 3 are connected at their one end with each other.

The driving coil 1 is connected at the other end to the



coil 3 is connected at the other end to the anode of a diode 8, the cathode
of a diode 9 and the respective collectors of driving transistors 12 and
15. The respective cathodes of the-diodes 4, 6 and 8 and the respective
emitters of the driving transistors 10,-12 and 13 are connected to a posi -
tive power supply line, and the respective anodes of the diodes 5, 7 and 9
aQd ;the respective emtters of the tran- sistors 13, 14 and 15 are
connected to earth. The other ends of the driving coils 1 to 3 are al so
~connected with a filtering circuit 16 which generates an output to a power
supply switching circuit 17. An output fromthe power supply sw tching

10 to 15, #PR 9E Beier D, TR THHARRSCOE v, BodRnPcanc the' ERABRRT: o

& agr am uacH T d%sé{%bqeﬁ’mp%ﬁréﬁéﬁné?e#%é% S8Rer L n sl 43-andhe”

Eﬁﬂisif‘tzr e et DoRer ISe T A b oo thBt ShetbonBoe "enere RECh

L e 4 Ak W
L= £ % s 11l "a h Tl g

filtering circ IS a primar and i s con ut'ed

exanpl e, aA%qlpa§sigf/ecvé1ﬂ%@£edaa@fﬁﬁ@%s%%'£ﬁ a8 eg{;été?ﬁod&tafat 8%ode

cut-of f frequency o I's set to I Cl ent
\ s 8, the cathode of a diode 9 and the respective collectors of

driving transistors 12 and 15. The respective cathodes of
the diodes 4, 6 and 8 and the respective emitters of the
driving transistors 10, 11 and 13 are connected to a posi-
tive power supply line, ahd the respective anodes of the
diodesls, 7 and 9 and the respective emitters of the tran-~
sistors 13, 14 and 15 are connected to earth. The other
ends of the drivingrcoils luto 3 are also connected with a
filtering circuit 16 which generates an output to a power
supply switching circuit 17. An output from the power

A\ supply swiﬁching circuit 17 is supplied to the respective
bases of the driving transistors 10 to 15.

The drive device for the brushless motor, which is
so constructed as hereinabove described, operates in the
following manner.

Fig. 14 is a diagram used to explain the operation
of Fig. 13, wherein Uo, Vo and Wo represent respective
waveform of electric powers supplied to the driving coils 1,
2 and 3. The poﬁer supply waveform Uo, Vo and Wo have their
high harmonic components removed by the filtering circuit 16

and are respectively converted'by the filtering circuit 16



region as conpared with the frequencies of the power supply waveforns
across the coils. The output signals F1, F2 and F3 are inputted to the
power supply switching circuit 17. The_pgwer supply switching circuit 17 is
constituted by a logic circuit and is adapted to logically process the
output signals F1, F2 and F3 into control signals [err] [err] and[err]
which are in turn supplied to the bases of the driving transistors 10 to 15
to cause the latter to performrespective switching operations. At this \-/
time, the switch- ing operations are carried out so that a notor driving
torque can generate in one direction at all tinmes for driving a notor. In
the prior gatocoatputcisizmnaldeFliseF2sandc®3 widich cdré hdelayedr 809 div cui t
having a cut-off frequency characteristic for each a phase of the driving

coi I's and, pheserdi Ayl is &onbebaoted thpicither fidteniigy cdpmmiitanide iiss a
required. Al so, where the inductance of the driving coils is high, the
power suppPyimar¥erfilteme anksia qensidituted cbyys f%‘ﬁd?xﬁﬁlpgérdeﬁa%d in
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waveforms across the coils. The output 51gnals Fl1, F2 and

F3 are inputted tQ the power supply switching circuit 17. \d.

The power supply switching circuit 17 is constitﬁted by a

logic circuit and is adaptéd to logically process the output

signals Fl1, F2 and F3 into control signals UH' UL' VH’ L'
WH and WL which are in turn supplied to the bases of the
driving transistofs 10 to 15 to cause the latter to perform
respective switching operations. At this time, the switch-
ing operations are cairied out so that a motor driving
torque can generate in one direction at all times for
driving a motor.'.. |

In thé.prior'art cdnsﬁruction, the use is neces-
sary of the filtering circuit having a cut-off frequency
characteristic for each a phase of the driving coils and,
accordingly, a number of capaéitors of high capacitance is
requi:ed.

Also, where the inductance of the driving coils is
high, the powér §upply current to be passed through the
coils tends to be delayed in time after the driving transis-
tors aie switched on and'permanent magnetic fields tends of

be degaussed by magnetic fields generated by the driving



somewhat advanced in phase to operate the driving transis- tors so as to
conpensate for a delay in power supply result- ing fromthe arnature
reaction is disclosed in the Japanese Lai dzopen Patent Publication No.
52-80145, however, conpo- nent parts such %s capacitors are further
required to acconplish it. Also, since the power supply waveform Uo, Vo and
tend to be acconpani ed by spi ke noi ses generated when the driving
transistors are switched off, a variation in power source voltage, a
variation in current attributable to a change in load, and so on, it is
often difficult to obtain accurately a power supply sw tching signal even

though the pewels SUPR! YAl QadN AR, aﬂa%‘i-e\mrééﬁt 6‘:geen Suggeg[tg% sueh .o

filtering circuit. As a counterneasure, a system
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driving coils basically-has the follow ng prob er wor
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the electric power to the driving coils and internal inpedances of the

driving coi Imeasuxg, ke teckriqueoinuwhiol theediahally &1,eF2 hend F3 are
interruption of the power supply, and so on tend to be superinposed on a
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of the driving coils. Such voltage drop and spi ke constantly vary with a
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su‘pﬂy waveforms_of the
ing from the armature reaction is disclosed in the Japanese

Laid-open Patent Publication No. 52-80145 , however, compo-
nent parts such as capacitors are further required to
accomplish it. Also, since the power supply waveform Uo, Vo

+ and Wo tend to be accompanied by spike noises generated when
.the drivj.ng transistors aré switched off, a variation in
power source voltage, a variai:ion in current attributable to
a change in load, and so on, it is often difficult to obtain
accurately a power supply switching signal even though the
power supply waveforh Uo, Vo and Wo are inputted | to the
filtering cizﬁcuit. As a countermeasure, a system has been
suggested such as disclosed in the Japanese Patent Publica-
tion No. 59-36519. | "

_ Ho@_ever, the systém wherein the use is made of the
filtering circuit for giving the power supply switching
| signal from the power st_;pply waveform for the driving coils
basically has the following problem. In other words, a
voltage drop resulting from both o_f the power supplied
during the supply of the electric power to the driving coils

and internal impedances of the driving coils, a spike noise



driving coils are filtered to give the power supply switch- ing signal, an
error tends to occur as a result of the above described conponent, such as

t he vol tage drop, spike, etc., which is superinposed on the fundanental

wave (counterelec- tronotive force) of the power supply waveforns while the
| atter constantly vary, and it is therefore difficult to accurately supply .
the electric power to the driving coils. In order to elimnate the above =
descri bed conven- tional problens, various nethods have been suggested to (4
obtain the power supply switching signal accurately, all of which are

basi cally such that adjustnment is effected in the periphery of the
filteringcsicwmiing oimmedhatedyn@fter: thestaterrpriomeotii ther epewern
phase between the driving coil counterelectronotive force and the power
suppl y swiSURRLY n2Rr4 gB@l Onat@ncheadb@serprrimposrdr onely tundarankal

Al so, other than those necessazéafir thg filterigg ci.rcuit, a nunber_of
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circuit is fabricated.into an. integ- ted gircuity, both . of the.nu r of
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swi t chi ng s%nal I's !sc?%j'sg'dd?]n- t_%e glgp nese L%%en Pat ent  Publication
No. 61-29%:¥lyindi 66ils 4P eXPRBFRHC to \YiRQ AN PdWer ki epBy e8witthce the
conventional drive device for the -brushléss notor 1s so constructed that

ing signal, an error tends to occur as a result of the above i‘j

described component,_such as the voltage drop, spike, etc.,
which is superimposed on the fundamental wave (counterelec-
tromotive force) of the power suppiy wéveforms.while the
latter constantly vary, and it is therefore difficult to
accurately supply the electtic powér to the dri#ing coils.

In order to eliminate the abové described conven-
tional problems, various methods have been suggested to
obtain the power supply switching signal“accurately, all of
which are basically such that adjustment is effected in the
periphery of the filtering circuit for maintaining at a 4
constant value the difference in phase between the driving
coil counterelectromotive force and the powér supply switch-
ing signal, and the adjustment is éxtremely cumbersome.
Alsb, other than those'necessary for the filtering circuit,

a number of additional capacitors is required and, there-
fore, when the driving circuit is fabricated into an integ-
rated circuit, both of.the number of component parts to be
connected and the number' of connection pins tend to be

increased, renderihg'the price high. Also, a system wherein



the filtering circuit is used to process the power supply waveforns of the
driving coils to provide the power supply swi tching signal having a
predet erm ned phase relationship to'thes@sition of the novabl e el enent,
which switching signal is utilized to sequentially energize the driving
coils, it is not possible to obtain the accurate power supply sw tching
si\gnal because of a voltage drop in the driving coils resulting fromthe
spi ke noi ses contained in the power supply wavefornms of the driving coils
and the electric current supplied, a variation of the superinposed
conponent g fromthe change of the power source voltage and the
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l-oad, the eri’t%rsr;fﬁig FEngt cdrcuiy d& PmPRP¥ed amdi/ncinsteadnukber use is |
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No. 61-31934d o/ Wigsdisigdierein the counterel ectronotive force generated
in the driving coils is shaped as to its waveform and the use is nade of a
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permt the driving coils to be sequentially supplied with the electric

power to dudriwe ldeviderfor nthéhbrushldss mbeog iis Fc ashictadbi €Fat
wRerein, with the construction such as shown in Fig. 15, counterelec-
L the filtering circuit is used to process the power supply
waveforms of the driving coils to provide the power supply
switching signal having a predetermined phase relationship
to the position of the movable element, which switching
signal is utili?ed to sequentially energize the driving
coils, it is not possible to obtain the accurate power
supply switching signal because of a voltage drop in the
driving coils resulting from the spike noises contained in
the power supply waveforms of the driving coils and the
electric current suppliéd, a variation of the superimposed
component resulting from the Change of the power source
voltage and the load, the armature reaction and so on.
Also, an increased number of capacitor of high capacitance
is required for constructing.the filtering circuit and, in
particular, when the driving circuit is to be fabficated in
an integrated circuit, both 6f the number of the component
parts to be connec;ed and the number of the connection pins
tend to be increased, rendering it to be disadvantageous in

terms of price.



tronmotive voltages A, B and C generated by the driving coils are
pul se-shaped and arithnetically processed to provide a pulse signal G which
is conpared in phase with a divider outpu? & provided at an output of a
voltage controlled oscillator, a conpared output being fed back to the.
vol tage controlled oscillator to make the signals | and Gto be matched in ..
phase with each other so that the frequency division of the signal | can
result in a generation of the power supply signal for the driving coils e
thereby to drive the notor. Behaviors of the signals at various portions
of thi's systemare shown in Fig. 16 . However, in such system a voltage
drop resulting fromtke ®iewt 9f ther épregoipgi.cR dsyshent isachpasydds—t he
el ectric power to the driving coils and the internal inpedances of the
driving coi¢tosede ispi the ndepanesencPatert | furdiigatiiponf Ny 63193 is
interruption of the power supply and so on_are superinposed on the
counterelecsugg%§%$¢v8h§€ﬁﬁﬁgéﬂé%nSPB%EGrF%eFFEQHBF@Vﬁg ¢e gengzpied-
bef ore describeg and,, t.herefore, it is extrenely difficult -
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with the construction such as shown in Fig. 15, counterelec-
tromotive voltages A, B and C generated by the driving coils
are pulse-shaped and arithmetically 'processed to provide a
pulse signal G which is compared in phase with a divider
output I provided at an output of a voitage controlled
 oscillator, a cocmpared cutput being fed back to the voltage
controlled oscillaf.or to make the signals I and G to be
matched in phase 'with each other so that the - frequency
division of the signal.I_can result in a generation of the
power supply signal for the driving coils thereby to drive
the motor. .Beh;viors of the signals at various portions of
this system are shown in Fig. 16 . However, in such system,
a voltage drop :esulting from the electric current supplied
during the supply of the electric power to the driving coils
and the internal impedances of the driving coils, the spike
noises generated immediately after the ihterruption of the
power supply and ss on are superimposed on the counterelec-
tromotive voltage'generated in the driving coils as herein-

before described and, therefore, it is extremely difficult



to be matched wth each other. As hereinbefore discussed, the conventi onal
drive devices for the brushless notor have had the various prob- |ens.
Accordingly, it is desirable to *- <« provide a drive device for a

- brushl ess notor wherein the necessity of the use of a nunber of capacitors
of. high capacitance hitherto required in the conventional filtering circuit
iks elimnated and the sequential supply of an electric power through the
driving coils is possible wi thout being adversely affected by any possible
ef fect brought about by spi ke noises contgi ned in the power supply waveform
for the driving coils, a variation in powdr “source voltage, a variation in
| oad and an armature reaction. The present invention provides a

brushl ess nmotor control system which conprises a plurality of different
phase notor driving coils; a plurality of driving transistors connected
with the driving coils; a voltage controlled oscillator for outputting a
signal having an appropriate frequency; a power supply switching circuit
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15, it is not easy to obtain such a pulse signal G as shown

\ in Fig. 16 and the spike noise generated immediately after

the power supply throuch the driving coils necessarily
affects. Accordingly, it is impossible to accemplish the
phase ccmparison with the divider output I and, thereifore,
it is impossible to render the phases of the signals I and G
to be matched with each other.

As hereinbefore discussed, the conventional drive

devices for the brushless motor have had the various prob-

lems.

Accordingly, it is | des.u:able
to provide a drive device for a brushless motor
wherein the necessity of the use of a number of capacitors
of high capacitance hitherto required in the conventional
filtering circuit is eliminated and the sequential supply of
an electric power th:ough 'the_ driving coils is possible
without being adversely affected. by any possible effect
brought about by spike noises contained in the power supply
waveform for the driving coiis, a variation in power source

voltage, a variation in load and an armature reaction.



a pulse timng selecting neans for selecting the timng at which a phase
difference detecting pul se having a predeterm ned phase relationship with
the power supply switching signal is generated during a period in which no
el ectric power is supplied to the ¥irtving coils, said phase difference
“detector also including a conparator for conparing a -
counterel ectronotive voltage generated in the drivi coils with a neutral
poi nt vol t age e tbredenti kgveBLtiendBrPNddgspér ikﬁ‘aquﬁ'%ﬁ Y% phase
i f{ o1 GG Cof oL LPEnPhien! SolipRtEated: pubal ity fof albefarmit i er for
anmplifyrng an output fromthe conga_rator gfﬁ%?ll & f De{RL1 ng an
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EEL E f%ﬁg@é&@gfeﬁﬁﬁeatédewliahktheo@riwlﬂm iapils pimsectsa¥eol | ed | oop
oop ek n bf s h i
counter%"%ﬁ%#i?%cg%?ggég §§?\’efr°§‘:“ gg%?%ntaﬁgm%@cﬂ#d?ilvi%ng c%nl s and the
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difference detector _opera_b_le to _dg ect phase

difference between the power _supply switching signal oy
and " a counte-relejtromotive voltage generated in the o/

driving coils, said phase difference detector including
a pulse timing selecting means for selecting the timing
at which a phase difference detecting pulse having a
predetermined phase Trelationship with the power supply
switching signal is generated during a period in which
no electric .I-Jower is supplied to the driving coils,
said phase difference detector also including a
comparator for. comparing. a counterelectromotive voltage
generated in the driving coils with a neutral point
voltage of the driving coils dtiring. a peried in which
the phase ‘difference detecting pulse is generated; and
a difference amplifier for amplifying an output from
the comparator and capable of generating an output -’/
which is in turn applied to the voltage controlled
oscillator. '
Since this construction forms a feedback loop,
this is, a phase controlled loop (PLL loop) wherein the
" phase difference between the ' counterelectromotive
voltage generated in the motor driving coils and the
power supply switching signals for the driving coils is
detected so that the frequency and phase of the power
supply switching signal can be controlled in dependence
on the detected phase difference thereby to permit the
power supply switching signal to exhibit a
predetermined phase relationship with the position



by the use of the filtering circuit can be advant ageously
elimnated. Also, since the difference in phase between the

counterel ectronotive voltage-generated-in the notor driving coils and the
power supply switching signal -for the notor dr|V|ng .coils is detected
during the interruption of t he powerygupply, an accurate detection of the
ph@§e difference is possible and the phase controlled | oop can be steadily
operated. Preferably the present invention also provides a brushl ess notor
control si:stlst ahd umidvablenelenent 2 diid erusee omrrrﬂtief i eniltutm cl anpi ng

circuit. t d| e a n

appropri zﬁ:% ‘_@‘Fanga g@ﬂor ese#ﬁ%:?ér%u:&tgno e%af)ﬁ' such %Eharﬁfgf t hat, when
t he out pacasrdimgly £ f elbnd@%&ﬁim% t shgb aas i hroughtarabefutect i ve
operati ng,a{]an%e t hgs@Ut P Ofpdre (y,_flft%rrq_g,%e aHR?bﬁiEV |éalqau§,eed to

decrease the out ut Oof the difference anplifier is 'such that it
is clanP&y SFrigimakedd evel by the difference anplifier output
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out put frequency guency divider after e passage
pr edet er ARrEFTURHE oy infe itk PPWeE hEuBPLY: 8p arcurstser debeshiions of the

priesent bfvegheonphakk n@ifberence is possible and the phase
S’ controlled loop can be steadlly operated.
Preferably the present invention also provides a
brushless motor control system further comprising a
difference amplifier output clamping circuit for
clamping an output of the difference amplifier at an
appropriate level, and a reset circuit operable in such
a manner that, when the output of the difference
amplifier attains a 1limit of an effective operating
range, the output of the difference amplifier is caused
to decrease until the output of the difference
amplifier is such that it 1is clamped at said
appropriate level by the difference amplifier output
clamping circuit, at which time the effect of the reset
At circuit is inhibited. , _
~Advantageously the present invention further
provides a brushless motor control system further
comprising a timing circuit for outputting, as the
motor speed signal, a frequency signal corresponding to
the oscillating frequency of the voltage controlled
oscillator or the output frequency of a frequency
divider after the passage of a predetermined time
subsequent to the start of the motor.
Examples of the present invention will now be
described with reference to the drawings in which:-
Fig. 1 is a circuit diagram showing a drive
device for brushless motor according to one embodiment
of the present invention; Fig. 2 is a explanatory



described with reference 1o the drawings in which:- Fig. 1 is a circuit

di agram showi ng a drive device for brushless notor according to one

embodi ment of the present invention; Fig. 2 is a explanatory di agram

for use in explaining the principle of operation of the <circuit of
Fig. 1, Fg. 3 is adetailed circuit diagram of a phase

di fference detecting pul se generatxxr; ig. 4 is an explanatory diagram fU
use in explaining the operation of the circuit of Fig. 3; Fig. 5is a
detailed circuit diagramof a - 12 - phase difference detector; Fig. 6

i s an. edphgramor yEakr aguse foxnusowﬂaexlpm nithet herdpaiplicon of t he

circuit ig [ gr S Ng19Pefdyl veswaygf ogms in one
enbodi oﬁ%rg?;gcﬁe o?esgﬁé i E\J/'gr?g:lo%n Bf‘gf@g‘ i's a efﬁgl I ed circuit diagram

of a voﬂeﬁgélééntr%?-?@dl‘éscﬂ-'l-%?’fﬁmand’ | BwesP ?Féqué?k? QERRF®g circuit;
Fig. 9 aétécﬂshgl | pd18kr CyehethtoramMPiga d ffier eafic eplahaesrygnd a
differenge a ier output clanping .circuit; % ﬁlsadeéalled circuit
di agranﬁiéPgﬁgghaggrdltﬁ%re’rﬁe ed&ﬁ@é?‘} Y pie 88 EREEEP aRE BRI se timi ng
sel ect i ggrgRaBsS ofFikig.113i sSFigdefaiked detailedicigramtofdiagrainfference
anplifier qgutput clanping circuit and a resetting circuit; Fig. 12 is a
circuit® iﬁgram of a drive device for a brushl ess notor



according to a second enbodi nent of the present invention; Fig. 13 is a
circuit diagramof the conventional drive device for the brushl ess notor;
Fig. 14 is a diagramfor use in explaining the operation of the
conventional drive device for the brushless notor; Fig. 15 is a circuit
di agram showi ng the different conventional drive device for the brushless
tor; and Fig. 16 is a diagramfor use in explalnlng t he operation of the
circuit of Fig. 15. - 13 - Hereinafter, 18 drive device for the brushless
motor in one enbodi ment. of the present invention will be described with
reference to the drawings. Fig. 1 is a circuit diagramshow ng a drive
device for a brushless notor according to one enbodi nent of the present
invention. In Fig. 1, like reference nunerals are enployed to denote |ike
parts which are identical in func- tion with those of the conventi onal

S”ﬁi ail <1 hor BBReg; fEABESRsB 2etRrRan? Fhom § 1P ahe t{‘f%ﬁfﬁé&éﬁ?
a1 111 or ”23* %C.ﬁ%%t LRt e, °§ﬁ§$%€=p%'¥”t 5. 2HhY e SY bt e

t 42. th
Conct utss PeEhad’ 7 g oul LBl el o B b aeRLROSH] ne
circuit 42 haﬁba@maﬂet oeorm.ctﬁée%ﬁ@ Hvent Poh ; D'z.-igf asfigqléelﬂfé(%ﬂi/é&ler

41 having an input connected with an output of a voltage contro

oscillator 4@ird®ithdiveiragdcofont bl ethedSebhtabed4bsefl148reahad aa
IQMest frequency settlng

L lowest equency setting circuit; Fig. 9 1is a detailed

circuit diagram of a difference amplifier and a diffeience
.amplifier output clamping circuit; Fig. 10 is a detailed
circuit diagram of a phase difference detecting pulse
generator and a pulse timing selecting means; Fig. 11 is a
detailed circuit diagram of the difference amplifier output
clamping circuit and a resetting circuit; Fig. 12 is a
circuij: diagram of a drive device for a brushless motor

according to a seccnd embodiment of the present invention;

Fig. 13 is a circuit diagr&m.of the.conventional
drive device for the brgshless motor; Fig.14 is a diagram
for use in explaining the operation of the conventional
drive device for ghe brnshless motor; Fig. 15 is a circuit
diagram showing the different conventional drive device for
the brushless motor; and Fig. 16 is a diagram for use in

explaining the operation of the circuit of Fig. 15.



cifcuit 50. CQutputs D1, D2 and D3 fromthe frequency divider 41 and
outputs UL, U2, V1, V2, WL and W2 fromthe logic circuit 42 are inputted to
a phase difference detect- ing pul se gengrator 28, and one ends Uo, Vo and
W of the respective driving coils 1, f’g d 3 are inputted to buffer
circuits 21, 22 and 23. Respective outputs[err] and[err] fromthe buffer
circuits 21, 22 and 23 are inputted to a - 14 - conparator 27 and are \‘/
connect ed toget her through resistors 24, 25 and 26, a conmon junction NB
being inputted to the conmparator 27. An output PD of the conmparator 27 i's
con- trolled by an output fromthe phase difference detecting pul se
generator 28. The timng at which a phase difference detecting pulse is
generated fromthe phase difference detecting pul se generator 28 is set by

a pul se timng sel eCiyen@;AREREr79- a |drive | Adidd! b Ndhe! "Bri4ghleys
conponent parts 21 to 29 constitute a phase difference detector 20 while

t he out put pBlPegONSt i biibeentidbdisiant &f Ohehepriwea dihtenenss dalactbe 20.
The output PD fromthe phase difference detector 20 is connected to an '

inverting depekribednwith ebfepenperedi thaldrawingser 31 through a resistor
32, and a series circuit of resistor 33 and capaci- tor 34 and a capacitor
35 are connected bet ®tgn Lhési aveitcuibgdiagmamt showindg afdtrine ogeviceona
anplifier 31 and an output term nal thereof. A non-inverting input term nal
of the opefati anabrashle$semobr sacqggdiowy wkeh aneremibedinentd ofi athe
voltage fromresistors 36 and 37. It is to be noted that the various
conponent pzesensl invextiooast ikrutRige 1, like reference numerals are C

émployed to denote like parts which are identical in func- o
tion with: those of the conventicnal drive device for the
rushless motor shown in Fig. 13 ahd, therefore, the details
thereof will not be described. In Fig. 1, the respective
bases of the'driving transistors 10 to 15 are connected with
outputs of a power amplifier 43 having inputs connected with
respective outputs-of a logic cirxcuit 42. The logic circuit
42 and the power amplifier 43 altogéthér'constitutes a power
supply switching signal generétor 44. The'logic circuit 42
has an input connected with an output D1 of a frequency U
divider 41 having an input connected with an output of a
voltage controlled oscillator 40. To the voltage controlled
.oscillatcr 40 is connected a lowest frequency setting
circuit 50. Outputs D1, D2 and D3 from the £frequency
divider 41 and outputs Ul, U2, vl, V2, W1 and W2 from the
lecgic circuit 42 are inputted to a phase difference detect-
ing pulse generator 28, and one ends Uo, Vo and Wo of the
respective driving coils 1, 2 and 3 are inputted to buffer -
circuits 21, 22 and 23. kespective outputs U,, By and Wp

from the buffer circuits 21, 22 and 23 are inputted to a



difference anplifier 30 while an output EAO fromthe diffe- rence anplifier
30 is connected with an input of the voltage controlled oscillator 40.

Al so, the difference anplifier 30 is connfgted with a difference anplifier
out put clanping circuit 53. The inverting fnput terninal of the operational
anplifier 31 and an output of the difference amplifier - 15 - out put
chapping circuit 53 are inputted to a reset circuit 60 whose output is used
to control the output PD of the conparator 27. Another output D4 of the
frequency divider 41 is inputted to the base of a transistor 200 having its
emtter. connected to earth and its collector connected with a stabilizing

power sour céompatats 029h add Gfiét €6nRE&t8dd tilgetheird Nerr dr%is%%r
out put term nal 202. The operation of the drivé device for e brush- Fess

motor whiche4s 26 e@mst28ict &dconmbar ejuhtdvh deSChekfg Wridutt@d béo the
described. Fig. 2 is an explanatory iagran1forBuse i n explaining the
principl e cfomperatoon2di tia pwgmnt PDvef thencomparatgra2rhate con-

rel ati onship between adriving coil counterel ectronotive voltage and a
driving coitrpbled dyppry warpusr nfrémgthey aphaseustiffiesende dasectinghi ch
t he phase relationship between the counterelectronotive voltage
(dotted |inyLs@oIeReraboEr 28 uppChenwdiaiagmats othich | aaphase ogiffienence
wher eas Fiﬁi. %égl and 2(c) illustrate the respec-_ tive cases wherein a

di spl acene ets BhaRH |és[ e,g,epegmds from the phase difference

- detecting pulse generator 28 is set by a pulse timing
\\./ selecting means 29. It is to be noted that the various
component parts 21 to 29 constitute a phase difference
detector 20 while the output PD constitutes an output from
the phase difference detector 20. The output PD from the
phase difference detector 20 is connected to an invérting
input terminal of an operational amplifier 31 through a
resistor 32, and a series circuit of resistor 33 and capaci-
tor 34 and a capacitor 35 are connected between the invert-
ing input terminal of the operatiohal amplifier 31 and an
output terminal thereof. A non-inverting input terminal of
the operational amplifier 31 is applied with a predetermined
bias voltage from resistors 36 and 37. It is to be noted
that the various domponént parts 31 to 37 constitute a
difference amplifier 30 while an output EAO from the diffe-
rence amplifier 30 is connectéd with an input of the voltage
controlled oscillator -40.
Also, the difference amplifier 30 is connected
with a difference amplifier output clamping circuit 53.
The inverting input terminal of the operational

amplifier 31 and an output of the: difference amplifier



fromthe optimumcondition. In Fig. 1, the output fromthe voltage

controlled oscillator 40 is transmtted to the driving coils 1 to 3 through

t he frequency divider 41, the power supplls switching circuit 44 and the
“driving transis- tors 10 to 15. Accordingly, the output fromthe voltage
controlled oscillator 40 and the power supply waveforns for the driving

coils 1 to 3 have a predeterm ned phase - 16 - relationship. In other _“/
words, by controlling.the oscillat- ing frequency and phase of the voltage
controlled oscillator 40, it is possible to control a difference in phase

bet ween the driving coi) coupterele t | t d the d
power suppP¥ ﬁéﬁﬁa 4W514$ 5%@&?5? Bhrgg%;£E;%¥E%€g§8ﬁgrae%%ﬁ£#¥éqg o'

provi ded h i ch, WQP as_sha nd 2 pl acement
of the phaéz> pae| onf “%cch?suﬁ\gﬁ/\eg?l i‘%’?’ {S To2P! At
countereleg;pggﬂh[ tage and the dr|V|ng COI| pomer supply wavef or ns,

t he phase di ereﬁ%grﬁgir]ls detected by the phase difference detector 20

and then anplified b J\ﬁxé!&f&ﬂfgﬁ‘ﬁen@mf fired §9eaﬁen&£;ed<1%ub&at41ngls
frequency and phase o e volt controll ed oscillator 40 can

control | ed ssgnAtdd tENEls b&EE] of OabeeaNBiztor 200 iHalaRsi e éxﬁh.'@@&#re

the optinum power supply condition shown in Fig. 2(a). Accordingly, it is

possi bl e t ¢onmaidd atd <farth eandy geser abilecwdior cdhhechgdt owitlke aad

the nmotor is thus driven. The specific construction of the phase difference

detect or 2@Gtabiliwindepdeeer i smurcen ddhei Ithﬁmghaacmesﬁ.sta:s 2ieawnand

Fig. 3 can be contenp- o
also with a speed signal output terminal 202. -

-’

The operation of the drive device for the brush-
less motor which is so constructed as hereinébove described
will now be described.

Fig. 2 is an explanatory diagram. for use in
explaining the principle of operation of the present inven-
tion, showing a phase relationship between a driving coil
counterelectromotive voltage and a driving coil power supply
waveform. Fig. 2(a) illustrateé the case in which the phase
relationship between . the counterelectromotive voltage _
(dotted line) and the power supply waveform (solid line) is :\J
optimum, whereas Figs. 2(b) and 2(c) illustrate the respec-
tive cases wherein a displacement of a phase angle ¥ occurs
from the optimum condition. In Fig. 1, the output from the
voltage controlled oscillator 40 is transmitted to the
driving coils 1 to 3 thfough the frequency divider 41, the
power supply switqhing circuit 44 and the driving transis-
tors 10 to 15. Accordingly, the output'from the voltage
controlled oscillator 40 and the power supply waveforms for

the driving coils 1 to 3 have a predetermined phase



| ated by way of exanple as a specific construction of the phase difference
detecting pul se generator 28 in the phase difference detector 20, . In
Fig. 3, components which are similar in fupgtion to those shown in Fig. 1
are designated by like reference nunerals. The outputs Ul, U2, Vi, V2, W
and W2 of the logic circuit 42 and the outputs D1, D2 and D3 of the

f kequency divider 41 are applied to the phase - 17 - difference
detecting pul se generator as respective input signals. Fig. 4 is an
expl anatory diagram for use in explaining the operation of the phase

di fference detecting pul se generator shown in Fig. 3, wherein waveforns
shown in Fi grelrtionshipnd In okbher wbrdsgnbys coypmomlliqatthespecillave
poi nts shown, by associated synmbols in Fig. 3. Qutput termnals So, S1, S2,
S3, S4, SS aMhg Jorequengey ePhase of rthe cvelktage i eonbrelbedepecil batos
provi de respective signal waveforns designated in Fig. 4 by the sane

synbol s as utld it ¥ gpogsiklento gontrel.a diffenencgecin phase batweense
Gener ator 200 LT Ed (L1 iR ach oo Tene VArad ) AR C5h9ay
chown 1 Fi G Goif OHBRRE" iy bkl hn Pupd"0E dhis 'R,

Cespect tve BT CfitioR 1008 £4'ARAM) Bich ICK, wikfe 18RS fn I

\c/:mgtnﬂect ed toERiderapb)t RACITE) tHECWiep1NRHINE dff tRe! PhRseCHiRAlSLdy
ﬁﬁ; occurs between the driving coil counterelectromotive voltage
and the driving coil power supply waveforms, the phase
difference ¥ is detected by the phase difference detector 20
and then amplified by the difference amplifier 30 and the
oscillating frequency and phase of the voltage controlled
oscillator 40 can be controlled so as to render ¥ to become
zero, it is possible to secure the optimﬁm power supply
condition shown in Fig. 2(a). Accordingly, it is possible
‘to steadily and efficiently generate a motor driving torque

and the motor is thus driven.

The specific construction of the phase difference
detector 20 will now be desc:ibed in detail.

Such a circuit as shown in Fig. 3 can be contemp-
lated by waj of example as a specific construction of the
phase difference detecting pulse generator 28 in the phase
difference detector 20, . 1In Fig.-3, components which are
similar in function to those shown iﬁ Fig. 1 are designated
by'like reference  numerals. The outputs Ul, U2, V1, V2, Wl
and W2 of the logic circuit 42 and the outputs D1, D2 and D3

of the frequency divider 41 are applied to the phase



I nverting input termnals of conparators 100, 120 and 140 and non-inverting
I nput termnals of conparators 110, 130 and 150. The output [err] of the
buffer circuit 21 is connect- ed with a ? n-inverting input termnal of the
conparator 100 and an inverting input ermnal of the conparator 110;
the output VB of the buffer circuit 22 is connected with a non-inverting

I nput term nal of the conparator 120 and an - 18 - inverting input

term nal of the conparator 130; and the output WB of the buffer circuit 23
is connected with a non-inverting input termnal of the conparator 140 and
an inverting input termnal of the conparator 150. are open collector

out put s bygeFferehceut getetting pulse 1gbnerhtori?ds IBdspéddiiwad irputof

t he respective conparators 100, 110, 120, 130, 140 and 150, and all of the
col | ect or s sdignialls.t r aRdgst o4 s 191 anl 1 explanatosy, didagzam 1§orarwseorirect ed
together and are in turn connected with a collector of a transistor 161,

t her eby coespliadning thhaecpevationcofe the cphase odifferepce detediuing of
the transistor 161 is$ connected with the_base and collector of a .
transi st or PRdBeq genaratay ghawie £ Fig+ of/ oPheTreinnvayedormsy shayn Ha

col I ector of a transisior 169 erates as,a constant current _source.
The emitt &+9-ofd We?P%‘S §Porf5"°f£ #a sS1gRR 18 aRPEATING: &% |TSSRRF Dover

source volt Vreg thr t em t t

transi stor §3'%' %ﬁf%’ﬁ%4%§$'§“a8¥l O%r ahjt%t%h%{fﬁ |g+ngiéomg‘ sr(;tglﬁpeut

vol tage Vr ofad h §i sEQr 4 n Jter .

t hereof t hﬁ%ﬁﬁr}‘%]‘%sﬁt ost e% al gg t%rgoagﬁ 56 W% \%ﬁ&é Ll .
rence detecting pulse generator 28 provide respective signal /

W
waveforms designated in Fig. 4 by the same symbols as used
in Fig. 3.

Then, as a spécific construction of the phase
difference detector 20 including the phase difference
detecting pulse generator 28, such a circuit as shown in
Pig. 5 can be contemplated by way of example. In Fig. 5,
components which are similar in function to those shown in
Fig. 1 ére’ designated by like reference numerals.  Specifi-
cally, one ends Uo, Vo and Wo of the driving coils 1, 2 and |
3 are inputted to the respective buffer circuits 21, 22 and -
23 having their outputs UB ’ VB and_ WB connected together at
the common junction NB. which is in turn connected with
inverting input term'inalé of comparators 100, 120 and 140
and non-inverting input terminals of comparators 110, 130
and 150. The output ﬁB of the buffer circuit 21 is connéct—
ed with a non-inverting input terminal of the comparator 100
and an inverting input terminal of the comparator 110; the
output- VB of the buffer circuit 22 is connected with a

non-inverting input terminal of the comparator 120 and an



resistor 165 wth the collector of a transistor 167 whose emtter is

gr ounded. The base of the transistor 167 is connected through a di ode. 168
w th an output So of the phase difference jgetecting pul se generator 28.

O her outputs S1, S2, S3, S4, S5 and S6 of the phase difference detecting
pul se generator 28 are connected through resistors 171, 173, 175, 177, 179
akd 181 with the bases of enitter-grounded - 19 - transistors 170, 172,
174, 176, 178 and 180, respectively, and the collectors of the transistors
170, 172, 174, 176, 178 and 180 are connected with the bases of the
transistors 101, 111, 121, 131, 141 and 151, respectively. | nput
t.ernnal s ofinvesrtingseiopatertemningl e@f nghpul cemparate od3Pg aped the

connected with the outputs Ul, U2 V1, V2, W and W2 of the power sugpbg
swi t chi ng cioEut 4WparRf  kheoJewtfer prigguidn 283 8 Q@ n¥¥t8i & der

41. Wth t,to th h diff t t d
FEREA S RN SR IS TR N R
Fig. 61 | tory dj .f ' | ai ni th '
oot S RBL Ol ERER GF, Lol PE5 07" A open

t | t t] t | fiect
coum et e <CLLATULE VOLLAIEs 8% RaROUE SUARLY BYRLSLIRLS deice st

supplied Witfh) 09319 \hiaNnk2 161020¢ | thettabottive A8chBATA LRI Yoo,

commandi ng signal s, are synchroni ze Ich are

L;ggggp%l- SEM";}ES‘&% PHe, ;311;]496 hend/ s RICak@EIP! dLdhOSEdl16¢€6rs 4Of the
i»ﬁ transistors 101, 111, 121, 131, 141 and 151 are connected
together and are in turn connected with a collector of a
transistor 161, thereby constituting a phase difference

detector output PD. The base of the transistor 161 is
connected with the base and collector of a transistor 162

and also with the collector of a transistor 164 and the
collector of a transistor 169 which operates as a constant

current source. The emitter of the transistor 162 is

applied with a stabilizing power source voltage Vreg through

a resistor 163 and the emitters of the transistors 161 and

164 are applied with the stabilizing power source voltage

Vreg. The base of the transistor 164 is connected with the

emitter thereof through a resistor 166 and also through a

resistor 165 with the collector of a transistor 167 whose

emitter is grounded. The base of the transistor 167 is
connected through a diode 168 with an output So of the phase
difference detecting pulse generator 28. Other outputs S1,

82, S3, S4, S5 and S6 of the phase difference detecting

pulse generator 28 are connected through resistors 171, 173,

175, 177, 179 and 181 with the bases of emitter-grounded



whi ch both of UL and U2 are not outputted is a power supply interrupting

period and, during this period, the driving coil power supply waveform Uo
with the counter- electronDtivg voltage Ue. FromFig. 6, the

power supply interrupting period corresp %

which U2 is rendered to be Lowto the tine at which Ul is rendered to be

coi nci des

H gh and corresponds to one clock of D1 or - 20 - four clocks of D3.

Al though there exists the power supply interrupting period even during a

ds to a period fromthe tine at

period fromthe tine at which U2 is rendered to be Low to the tinme at mhlch
Ul is.rendered to be High, only the former period will be taken into
consi der atteanéDstobe nIOROIT DS BT4pl L165alli7@n anid t 18O fJesesppitdvelpyri ng
supply interrupting period, conparing a neutral point voltage No

t he power

of each dramdng¢heoidolledtats dfi they txanspsbers sAFpl,y MWR.ef b74) Ud76phen

t he phase

el ectronot178 aonit 4§0 Exre somnmestexb wirth (kthe dbasesicofi theckransiisdoriswo
D3 subsequerit to the tinme at which the center, that is, Ul 1is
rendered t30be LbI durldyst WShowekdkudnd, ikdler r G‘ﬁsﬂ?g’tﬁé’

Uo i s del ayed a phase dlffer§nc 5%%£ relatiye to Uo coi nci de

cl ocks of

wi th each
which UL i

difference [err] between Uo and the driving coil counter-

‘Fﬁ’é%n &FoPE 209 %B%%Eh%ﬁt PPQJth QePr‘-‘PFété’F

differencei?égggekgggkgvp q?‘ ﬁ%ﬂﬁg Uqﬁ£1d€9mf? g?hp@?hgp A%

Accor di ngl

Acor di gl 5 By #%‘%??%SBB% Sl RchaB SR A 2l R SR -

D2 and D3 of the frequency divider 41.

With respect to the phase difference comparator so
constructed as hereinabove described, the operation thereof
will be described hereinafter.

Fig. 6 is an explanatory diagram for use in
explaining the operation thereof and illustrates how the
phase difference between the counterelectromotive voltage
and the power supply waveform is detected as far as the
driving coil 1 is-cqncerned. In Fig. 6, the driving coil 1
is supplied with signals Ul and U2 (thaﬁ is, Uy and UL), as
power supply commanding signals, which are synchronized with
D1 and D3 which are frequency-divided outputs of the voltage
controlled oscillator 40. Accordingly, a period dufing
which both of Ul and U2 are not outputted is a power supply
interrupting period and, during this period, the driving
coil power supply wavefbtm Uo coincides with the counter-
electromotive voltage Ue. From Fig. 6, the power supply
interrupting period corresponds to a period from the time at

which U2 is rendered to be Low to the time at which Ul is

rendered to be High and corresponds to one clock of D1l or

d Aﬂ§@utwhere

\d



subsequent to the tine at which Ul becone Low, the phase relationship
between Uo and Ue can be ascertained. There- fore, as a nethod for the
detection of the phase difference [err] t conpar at or out put PD having a
duty corresponding to the phase differenc €rr] can be obtained by
generating phase difference detecting pulse signals S2 and So havi ng an
aggéopriate wdth at a timng two cl ocks of D3 subsequent to - 21 - the
ti at which Ul becones Low and then by conparing No and Uo with each
other only when S2 and So are generated. In Fig. 6, there is shown the case
in which a period of [err] 0.5 clock of D3 is generated two cl ocks of D3

subsequent tfodeclodEs abfwpah Wl sthére aegtibesi thiel powsk r shpplye
to Ue by the phase angle [err]. Although, in the foregoing, with respect to
t he - detictemupiindiepplrded a@vidrerduwing ear jpertidd zEngmt ithepavizwe sabppl vy

i-nterrupting period of the power supply waveform Uo for the driving coil 1
fromthe ti mhichatUhiieh nendesasheto Lbey Lowt o tthe ntime whi othijcky (71 is
beconmes Hi gh, the princtple of operation thereof has been described, a

simlar deteeendsred tpsdepditghhi conlyi vhe fommerppoked widd e taken

interrupting, period relative to Uo, that is, the perjod fromthe timng at
whi ch U2 becHied eenpideratiennfry shepupoge m#éfa%on\evf tBej

Lhe POtEr SUREL VUEL! TE oo an0 el ookl DS SHIFTL LU 604 o2 ald S

O Peu've' 51 OBABEREHS LS, SMGR A oBbEhe VbiltagOnd! 88 AP sty LA
\_ with the driving coil power supply waveform Uo,_whgn the
phase difference ¥ between Uo and the driving coil counterQ
electromotive voltage Ue is zero, No and Uo coincide with_

each other two clocks of D3 subsequent t6 the time at which

the center, that is, Ul is rendered to be Low during the

power supply interrupting period. Also, where Uo is delayed

a phase difference ¥ relative to Ue, No and Uo coincide with

each other before 2 clocks of D3 passes subsequent to the

time at which Ul is rendered to be Low, and, where Uo is

advanced a phase difference ¥ relative to Ue, No and Uo

coincide with each other after two clocks of D3 subsequent

to the time at which Ul is rendered to.be Low. Accordingly,

by comparing Uo and No with each other two clocks of D3
subsequent to the time at which Ul become Low, the phase
relationship between Uo and Ue can be ascertained. There-

fore, as a method for the detection of the phase difference

¥, the comparator output PD having a duty corresponding to

the phase difference ¥ can be obtained by generating phase
difference detecting pulse signals S2 and So having an

appropriate width at a timing two clocks of D3 subsequent to



an inverting anplifier having a half (1/2) gain and arrange- nment is nade

so constructed as to permt the outputs [err] and WB of the respective
buffer circuits 21, 22 and 23 to fall_m% hin an operating input voltage
range of each of the conparators 100, 170, 120, 130, 140 and 150. Fig. 7
shows operating waveforns at various portions in the case where the phase
di fference detector 20 - 22 - enployed in Fig. 1 is of the construction J
shown in Fig. 6, illustrating the nmanner in which the oscillating frequenc

f of the voltage controlled oscillator 40 is controlled so as to render the
phase. difference between the driving coil power supply waveform and the
count er el gRbr @imlel \&t WihieleUllo Berones) . Lover andafthen hshecomparingr diguency
setting circuit 50 showmn in Fig. 1 will be described. The | owest frequency
setting canduilo it eachabithero andy twkensS2| laad 8P f pvquaenpratedhe

vol tage controlled oscillator 40 to the | owest frequency at the tine of

start of TheRigtoréscthene isrohown rtherease inf whighyata Pepied efodgh to
permt the novable elenent to follow can be generated _to assure the start

of the noDeb. clprkt o€ Dk rgere¥aerdtFve Qg?$5§e°§snée Bi?@@&epﬁ 5%

nmotor driving coils as a result of the start of the tqQr, it r.awn i nto
the previ $b€l Fige adcM&h Jih Recomes °‘I’o?)58aﬂﬂ %ﬁg?’ﬁﬁﬁé(ﬁdi §e§ﬂ%}éﬁ’. As
specific construction of each of, the voltage controlled oscillator 40 and

t he IomesF°fP€q§3h5§e% 8%y &% 50, such a circuit as shown in Fig. 8

by way of Although, in the foregoing, with respect to the o
detection of the phase difference ¥ utilizing the power ;‘{
supply interrupting period of the power supply waveform Uo
for the driving coil 1 from the timing at which Ul becomes
Low to the timing at which U’2 becomes High, the principle
of operation thereof has been described, a similar detection
is also possible during the other power supply interrupting
period relative to Uo, that is, the period from the timing
at which U2 becomes Low to the timing at which Ul becomes
High, as well as in the power supply waveforms Vo and Wo of
the other driving coils 2 and 3 and, ﬁherefore, in the -
illustrated embodiment, all of them are combined to provide A
the phase difference detector output PD.

Also, each of the buffer circuits 21, 22 and 23 is
an:inverting amplifier having a half (1/2) gain and arrange-
ment is made so constructed as to permit the outputs Uy, Va
and Wa of the respective buffer circuits 21, 22 and 23 to
fall within an operating input voltage range of each of the
comparators 100, 110, 120, 130, 140 and 150.

Fig. 7 shows operating waveforms at various

portions in the case where the phase difference detector 20



exanpl e can be contenplated. In Fig. 8, reference nuneral 40 represents the
vol tage controlled oscillator and refe- rence nuneral 50 represents the
| onest frequency setting circuit. In Fiq%%8, t he out put EAO of the
difference anplifier 30 is connected with € input termnal of a
differential anplifier 461 through a resistor 460 and also with the

\ . . .
en\?;er of a transistor 462. . Another input - 23 - termnal of the
differential anplifier 461.is connected with a dividing point of a voltage
di vider conprised of resistors 463 and 464 connected between the
stabilizing power source |ine and ground. A difference between the two

i pputs of thanglidy&d ephi 2hgaml islsl & 4€Hel éoﬁa’akhéﬁgenaaﬁoﬁammpt@%w 4
the base of the transistor 462. The coll ector of the transistor 21is

connect ed wiillhiser£oingctlos marthdaisin obhich retsi s$e11¥60ing Theeduénsysfors
465 and transistors 466 and 467 have their bases connected together and
their emttersf theunditage pontrdiledcoscdllatiorr @0 dis coritrdibedisd oas
468 and 469 whose enitters are connected with the stabiliz--ing power
source |ine tewveendenr btheephasecdidferensehchetweenl kthey diriviag coil
coll ectors of the respective transistors 468 and 466. The collector of the
transi stor 43%7eX 8uBPlNecceigmm and &bel caunteyeleatnaneisive ovoltagand
also with one input terminal of a conparator 470. A capacitor 471 is
connect ed betR® Z8%P- one i nput termnal of the conparator 470 and ground.

PSRRI RER =118 syt N A
N 50 shown in Fig. 1 will be described. The lowest frequency
setting circuit 50 is operable to set the oscillating
frequency of the voltage controlled oscillator 40 to the
lowest frequency at the time of start of the motor so that a
revolving magnetic field at a speed enough to permit the
movable element to follow can be generated to assure the
start of the motor. If the counterelectromotive voltage is
generated in the motor driving coils as a result of the
start of the motor, it is drawn into the previously de-

scribed phase control loop and the motor is dﬁiven.
As specific construction of each of the voltage
-controlled oscillator 40 and the lowest frequency setting
circuit 50, such a circuit as shown in Fig. 8 by way of
exampdle can be contemplated. 1In Fig. 8, reference numeral
40 represents the voltage controlled oscillator and refe-
rence numeral 50 represents the lowest frequency set';ting
circuit. In Fig. 8, the output EAO0 of the difference
amplifier 30 is connected with one input terminal of a
differential amplifier 461 through a resistor 460 and also

with the emitter of a  transistor 462. Another input



conparator 470. Atermnal of the resistor 473 adjacent such other input
termnal of the conparator 470 is connected with a bias power source 475
through a resistor 474. The collector of the transistor 472 is connected
with the collector of a transistor 478-f@88 providing a constant current and

also with the base of a transistor 477 through a resistor 476. The .
emtter of the transistor 477 is - 24 - connected with the \_J
stabilizing power source line and a resistor 480 is connected between the

base and the emtter thereof, the collector being connected to a common
junction between the respective bases of the transistors 468 and 469. The

o Ceeq sERLBIT PO R ARAESERE L callbl iRt st e b ERREE) RR0H

SI'Stors age dividin

connected yi abvfzafn'?n?u&ntew aaboﬁageda%gaa&t Eéhp%'i&leidf be" ra8lstlidse the

emtter of an outpu ransi stor 585 of the differential anplifier 581 is

connect ed 3939aadNd 84 eofhedté@ShetRbeR84 N Gstd 5Dl ik ing APEWEET sohlkde
termnal of the differential anplifier 581. The transistor 585 if of a

mul ti-col | gEher ahgpgrouddl/ 4ao8ififierencecbetweens thiee tiwoadnpatsr of8thes

connected with the base of a collector-grounded transistor 588 and al so

with the cdifferentdfla ampdifiismr4GBoisTlampldSdedl and connectedr wishk i s

connected with the base of a transistor 587 and also with the emtter of

the transi ther bage Pk rthepetransisivon cA§20f tBhet repblecter s Ahe 537

e Eensistes 62t 18 GPrReLted with the collector and base of a o
transistor 465. The transistors 465 and transistors 466 and \J{
467 have their bases connected together aﬁd their emitters
grounded to provide a current mirror circuit. Transistors
468 and 469 whose emitters are connected with the stabiliz-
ing power source line have their bases connected together
and also with the collectors of the respective transistors
468 and 466. The collector of the transistor 468 is con-
nected with the collector of the transistor 467 and also
with one input terminal of a comparator 470. .A capacitor
471 is connected bétween such one input terminal of the
comparator 470 and ground. A resistor 473 is connected
between the collector of an output transistor 472 of the
comparator 470 and the other input terminal of the
comparator 470. A terminal of the resistor 473 adjacent
such other input terminal of the comparator 470 is connected
with a bias power source 475 through a resistor 474. The
collector of the transistor 472 is connected with the
collector of a transistor 478 for providing a constant

current and also with the base of a transistor 477 through a

resistor 476. The emitter of the transistor 477 is



collector of the transistor 462. Wth respect to the voltage controlled
oscillator and the |owest frequency setting circuit which are so

constructed as herei nabove described, the operation thereof will now be
described. Assuning that in the differemce@4amplifier 30 of Fig. 1 a voltage
divi der conprised of resistors 36 and 37 is - 25 - connected between the

stabi |l i zi ng power source Vreg and ground and that the resistors 36 and 37
are of equal resis- tance, the voltage value of the output EAO of the
difference anplifier 30 inmediately after the power has been turned on wll

be Vreg/2. Al so, assuming that in the voltage control- |led oscillator 40 of
Fig. 8 the rgsi tg'r!§14 nd 4 | Me is.QRH.I eprinal ;_Qof 1he
differenti alcebz’nn% 1 T1er Q&g‘ aFggofg‘g%gfi%‘éj%&stL%nce, Sl ncec% h%g\}}gl t%ﬁg v%l ue

Hfferen Pl T 20 _ cett |
Shotner | npdesiHE %8001y Cnectll Winiln BleCbabe! M L | AL EELMED"
of the !ranshlRioflodns | bobredten/ BeiAgcebhatid tamlictniioh 2fifseidle

power has been turned on, no voltage drOp occur across the resis- tor

I n ot her wokétweein the fespddive bl o etlid anfdns Dstdes. 46®vand hes9.
| owest frequency setting circuit 50 will be described. Assumng that the

vol t age val ue of the [tles poidrageourcfe the | biper r power tBeurcespétsi vis
resi stances of the resistors 582, 583 and 584 are[err] and[err] the voltage
val ue at ondliwiglad tbynthel difvidiagli¢irgwit i apmprised of resistors 582

N and 583, the voltage dividing point being connected with one
v input terminal of a differential amplifiér 581 while_ the
emitter of an outpui: transistor 585 of the differential
amplifier 581 is connected to ground through a resistor 584
and also with another input terminal of the differential
amplifier 581. 'The transistbr 585 if of a multi-collector
type and 1/4 of the collectors of the transistor 585 is
connected with the base of a collector-grounded transistor
588 and also with the collector of a transistor 586. The
base of the transistor 586 is connected with the base of a
transistor 587 and also with the emitter of the transistor
588. The respective emitters of the transistors 586 and 587
are connected with the stabilizing power source line. The
collector of the transistbr 587 is connected with the
collector of the transistor 462.

Witﬁ respect to the voltage controlled oscillator
and the léweSt frequency setting circuit which are so
constructed as hereinabove described, the operation thereof
will now be described.

Assiuning that in the difference amplifier 30 of

Fig. 1 a voltage divider comprised of resistors 36 and 37 is



anplifier 581 will be [err]. Since the other input term nal of the
differential anplifier 581 is in condition to establish an inmagi nal
shortcircuit with such one input ternm=n2B, -the junction between such other
input termnal and the emtter of the transistor 585 is equal to the

voltage value [err] at said one input term nal. Accordi ngly, t he .
emtter current of the - 26 - transistor 586 will be [err]. By way\~J
of the multi-collector construction of the transistor 585 and the current
mrror constituted by the transistors 586 and 587, 1/12 of the emtter

cont 0l | 8%0%5%#&3?3*?%:8%@?2%%?% | @&%Bf%enkﬁg?%fp%ﬁ#ﬁ?ﬁé°t‘l?€%§§% Y
t t it tot [ , ' | -
[ cquency 5B Ho A8 CHY (i rry et g P40 37 Hee B o Reat s e

descri bEdtfa\QQ%r: eCWIE:%g’eS VAHDYE M BRLTRAEHAP of! The WIERdshdeet ween
one input termnal of the“conparator 4/0 and ground, the transistors 490
and 491 apgoawiiehedOndplifely aspest | ¥8é ypoked haeobdeiy/turned on
output.. transistor 472 of the conparator 47 1s switched off which in turn
causes thgitinabe Whreig/2.7 Alde, wsdwiien difatiirh the wobtegpcometrdlk: t he
current mrror circuit conprised of the transistor 468 and 469 is operated.
The currerliedri bsofiliatoni t4@ongk | Fidg.of 8t che r nesisttonrs 48%3 488damb467 is
operated on the basis of the current flow ng through the transistor, 465.
Accor di nglopnnduteshpaditior tha iinpiar geerminal of the differential

amplifier 461 are of equal resistance, since the voltage J
value at said input terminal is.Vreg/2, the #dltage value at
the junction between anbther input terminai of the differen-
tial amplifier 461 and the emitter of the transistbr 462
will be Vreg/2. Accordinglj, immediately after the powe;
has been turned on, no voltage drop occur across the resis-
tor 460. In other. words, no current flow through the
transistor 462. |

Now, the lowest frequency setting circuit Sb will
be described. Assuming that the voltage value of the bias
power source 475 is V75 and the.respective résistances of QJ
the resistors 582, 583 and 584'arg.R82, R83 and R8;’ the
voltage value at one input terminal of the differential
amplifier 581 will be V75-Ré3/(R82 + Rgy). Since the other
input terminal of the differential amplifier 581 is in
condition to establish an imaginai shortcircuit with such
one input terminal, the juﬁction bétweeﬂ such other input
terminal and the emitter of the transistor 585 is equal to
the voltage valugz V75-l§83/ (Rg, *+ Rgj) at said one input

terminal. Accordingly, the emitter | current of the



by a current corresponding to the difference between the collector current
of the transistor 469 and the collector current of the transistor 467. At
this time, the voltage Vj at. the other input term nal of the conparator 470
is equal to the value shown by the fol lowhg-equation if a saturated
vol tage between the enmtter and the collector of the tran- sistor 478 is

| -ect ed. - 27 - [err] = Jerr] wherein Vreg represents the voltage of
the stabilizing power source and [err] and [err] represent respective
resi stances of the resistors 473 and 474. Wen with the progress of the
charging on the capacitor 471 the voltage across the capaci- tor 471, that

i.s, the vol al ,of coppar al r eggto a
val ue hi gher t aﬁét e Vo %]éi [qgérnrYI $h§837g§34 {%8% 48%8%@ 49§§a?§§ o
switched offh@ngu®i-£63PEELL¥EloNsTRHAIN B OtNe tRAnSidRTSIgHS5 44Rdi S
switch- ed on which in turn causes the transistor 477 to be sw tched on,

W th the cothequapgenthaiirdr coonstitatedobycitiveli transpetoed ©86 hand
transi stors 468 and 469 is switched off. Therefore, the capacitor 471 is

charged by 382, cb/12coHirtharenitter chrrentnefsthe ¥Bansigtorh5854i thatt he
voltage [err] at the other input termnal of the conparator 470 is of a
val ue equali®o YeirRgiyf {1AcRgat (Rgpel Bgh) hgeisesvpphiedetentheevodhiagehe
col |l ector of the tranS|stor 472 is neglected, . Wien with the rogress of

t he charglM¥W%F?%%9€aﬁﬁﬁiiéPtQ¥lﬁﬂu?ﬁmﬂt8@@18€F6§scﬂﬁ€q&ﬁa 1cﬁ 4%he

that is, the voltia e ag 9ne in ut termn f t he arator 470,
transis 87 to s ittot e owest re uency.

\»z - Hereinafter, how the oscillating frequency of the
voltage controlled oscillator.40 is determined will now be
described. When no charge is charged on the capacitor 471
connected between one input terminal of the comparator 470
and ground, the transistors 490 and 491 are switched on and
off, respectively, and accordingly, the output‘.. transistor
472 of the éomparafor 47 is switched off which in turn
causes the transistor 477; to be switched off with the
consequence that the curfent mirror circuit comprised of the
transistor 468 énd 469 is operated. The current mirror
circuit comprised of the tiansistors 465, 466 and 467 is
operated on the basis 6f the current flowing through the
transistor 465. Accordingly,'thé capacitor 471 is charged
by a current corresponding tb the difference between the
collector current of the transistor 469 and the collector
current of the transistor 467. At this time, the voltage Vi
at the other input terminal of the comparator 470 is equa}
to the value shown by the following equation if a saturated
voltage between the emitter and the collector of the tran-

sistor 478 is neglected.



decreases to a value lower than the voltage [err], the conpara- tor 470 is

i nverted and the charging on the capacitor 471 is again initiated. By
repeating the cycle of charging and di sct2®xge of the capacitor 471 in this
way, an oscillating waveform of a frequency corresponding to the cycle of
repeat ed charging and di scharge can be outputted fromthe - 28 - -
col lector of the output transistor 472 of the conparator 470. Since the |
oscillating frequency is determ ned by the magnitude of the charging and A
di scharge current of the capacitor 471 since the voltages Vj and Vk are

constant. In other_words, en ghe chgpgin nd discharge current in-
crease, the vol ta'be'a 3)s+s ‘g]m ‘c‘;dﬁﬁ:i't 3#7 1(15793 s L}ﬁﬂa_d, since the set-up
tends to begone .St t.he ' t, ' C ' :

conver sel y “HERL NEag SR TF T g RS oL e BB B A power
oscillatin e eco OW. e d, 4 i | t ygle of
t he chargi%ﬁL%n d?g%hgﬂéegﬁawéiﬂ f%pgg?%#ﬁiﬁggggﬁt??% gﬁ?%gﬁ%{ tﬂe o

current fl QMdOréSiovePst 393t e $90] Afhen/hfi%h { Hke CHELGRESE! & NEhe
t hrough the transistor 465 corresponds to.the sum-of the collector current

[err] of thshaptging o atlsé Scapacitdly 471 ttite | vobtigé r ecHess ytet tapgci-
circuit 50 and the collector current [err] of the output transistor 462 of
the differ edx a4 7hppthétens46theSivadtage hat conbefinpatddsomilnad tdf the
col l ector current [errL of the transistor 462 is zero-inmediately after the
pover has irampaxated 470, tircxersemtte | Wabtue hbgher than the voltage
Vj, the transistors 490 and 491 are switched off and on, ;‘f
respegtively, and éccordingly,'the transistor 472 is switch- |
ed on which in turn causes the transistor 477 to be swiﬁched
on, with the consequence that the current mirror 6ircuit
comprised of the trénéistors 468 and 469 is switéhed off.
Therefore, the capaéitar 471 is charged by the collector
current of the transistpr 467. At.this time, the voltage Vk
at the other input.ﬁerminal of the comparatof 470 is of a
value equ;l to V75-R7$/(R73 + R74) if the saturated voltage
between the emitter and the collector of the transistor 472
is neglected. Wheh.with the progress of the charging on the ;Q
capacitor 471 the vbltage_across the capacitor 471, that is,
the voltage at one input terminal of the comparator 470,
decreases to a value lower than the voltage Vk, the compara-
tor 470 is inverﬁed and the charging on the capaéito: 471 is
again initiated. By repeating the cycle of. charging and
discharge of the capacitor 471 in this way, an oécillating

waveform of a frequency corresponding to the cycle of

repeated charging and discharge can be outputted from the



the transistor 465 is equal to the current [err] fromthe | owest frequency

setting circuit 50. Accordingly, the oscillating frequency of the
voltage controlled oscillator 40 starts Ltggoscillation at the | owest
frequency determ ned by the current [err]. If this |lowest frequency is

adj usted to a value enough to permt the novable elenent of the notor to

- 9 .- follow sufficiently, it is possible to assuredly start the notor as
a synchronous notor synchronized with a frequency corresponding to the

| owest frequency. For this purpose, the |owest frequency can be
adjusted by rendering _the resistance of the resistor 584 to be variable
to vary the €0iiertorerQf . thecoutmutptsaneisiox 1412 ofc thRncomprzatosr
notive voltags is generated in the notor driving coil. Then, the phase
difference b& Qeen the counterel ectronotive vol tage and the power supply

switching signal for t drivi.,ng coils, during.the power supply interrupting
beri od of the driving SORFE 1k oRtt ELAbIAT e reRnBRYY e BntataLied, By
20, and a di t Lents Vv c di t S ' regc 0
detected i s Eo8cPabiieiie/ e A0he ORREIPRGTILNN iR GuboNE T BR B
30. Si nce L REC Ulgls t ' PRAsi t e
re;istpr 460c§§§?§§%§t%gqoﬁﬁggbhggg,eggghgf e?ﬁeﬁ db?mﬁﬁgefggwgﬁgkﬁﬁﬁoIfg
mai nt ai ned abtieed/words lekhienbetid e cHaygingetand A4lschalrged! E8EPOREI R O
the difference between the voltages at the Opposite ends of the resistor
460 fl ows t hegegbel, halid an6lBagéoacsods e ocdpagivora 47U reets edpalanidy

the sumof the current [err] fromthe | owest frequency setting circuit 50
and since the set-up tends to become steep, the oscillating

frequency becomes high:and, conversely, when the charging
and discharge current decreases, the oscillating frequency
becomes low. On the other hand, the magnitude of the
charging and discharge current is determined on the basis of
the current flowing through the transistor 465. Also, the
current flowing through ﬁhe transistor 465 corresponds to
the sum of the collector cuﬁrent Igq of the 6utput transis-
_tor 587 of the lowest-frequency setting circuit 50 and the
collector current 162 of the output tranéistor 462_of the
differential amplifier 461.

Since as hereinbefore describedl the collector.
current I., of the transistor 462 is zero immediately after
the power has been turned on, the current flowing through
the transistor.465_is equal to the current 187 from the
lowest frequency setting circuit 50. Accordingly, the
oscillating frequepcy of the voltage controlled Qscillator
40 starts its oscillation at the lowest frequency determined
by the current Ig.,. If this lqwest frequency is-adjusted to

a value enough to permit the movable element of the motor to .



the collector current [err] of the transistor 462 flows through the
transi stor 465 and, therefore, the oscillating frequency of the voltage
controlled oscillator 40 increases. In this way, in response to the
difference in phase between the countereR8ctronotive voltage in the driving

coils and the power supply switching signal, the output EAO of the - 30
.- difference anplifier 30 varies to control the oscillating frequency of -J
the voltage controlled oscillator 40. The difference anplifier output

clanping circuit 53 shown in Fig. 1 will now be described. The difference
anplifier output clanmping circuit 53 is operable to clanp the output from .

Lhe 11T er gassod Mg Suitp, “BectlBartisiiesss SYpEREQRI S U i (1

phase contrt op a start of the n~ot her words, by

cl anpi ng apdeRel didg, t Q?P@HS:BHBuEAQd%fort %ﬁﬁcﬁ{ﬂé‘& *fBhi & Fredfhdtcy?

| evel at Ich the osciTlating frequency he vol tage controll ed

osci || at or c42rekpbhdings tHCthasclowdst SfpegiieAty.t 0 FdPOothliy thafsold, a
change in output PD of the phase difference detector 20 as a change in
osci | | ati ngher ejowesy f feéqubkacyol tage bentadjhsredsdby| atendeltingg the

period fromthe start to the standing and, accord- ingly, the

phase- synchesistenceuldf othehaesistorc B84 otdebel omrinmbniédctopyadyd the with

t he nmotor consequently driven. As a specific construction of the difference

anmpl i fier GYEFentclgypi n@nee dhe Mmoo deh stantedy ithes eawkereleutgo-9(a)

can be contenplated. . Referring nowto Fig. QQ%L, goggiergggg power source

51 is a Ie@@¢18ﬁanﬁPﬁ§age is generated 1in iving coil. o
‘Then, the phase difference between the counterelectromotive Quf
voltage and the power supply .switching signal for the
driving coils during thé power'supply interrupting period of
the driving coils is detected by the phase difference
detector 20, and a direct current voltage corresponding to
the phase differencé so detected is generated at the output
EAO of.'the differende amplifier 30. Since the direct
cﬁrrent voltage is applied to one end of the resistor 460
And,'on the other hand, the'other:end'of the resistor 460 is
maintained at Vreg/2 as hereinbefore described, a current
corresponding to the difference between the voltages at the
opposite eﬁds.of the resistor 460 flows through the transis-
tor 462. Accordingly, a current equal to the sum of the
current 187 from the lowest frequency setting circuit 50 and
‘the collector current Igp ©of the “transistor 462 flows
through the transistor 465 and;'therefore, the oscillating
frequency of the voltage controlled oscillator 40 increases.
In this way, in responSe to the difference in phase between

the counterelectromotive voltage in the driving coils and

the power supply sﬁitching signél, the output EAO of the



means for the output EAO of the difference anplifier 30; a conparator 52
conpares the output EAO of the difference anplifier 30 with an output [err]
“of the reference power source 51 for detegpinog a drop of the output EAO
down to the level of [err] so that an inverting input of the operational

- 31 -toa
| of EAO can be
| evel at which
the oscillating frequency f of the voltage controlled oscillator 40 starts

anplifier 31 can be controlled to avoid the drop of EAO down

léng | ower than the level of [err]. Thereby, the drop |eve
restricted to the level of[err]. The level of [err] . is the

its in-.crease _and, when EAOis clanped at [err], f is equal to the

frequency f
starts its

fiiffezense amplidder BPeyamiss skt icRatsolc the psgdldating

i_ncrease when Oig.slightly higher th rr]. By clanping,
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phase controlled loop at the time of start of the motor. 1In

other words, by clamping and holding the output EAO of the
difference amplifier 30 at a level at which the oscillating
frequency of the voltage controlled oscillator 40 starts its
increase; it is possible to smoothly transmit a change in
output PD of the phase difference detector 20 as a change in
oscillating frequency f of the voltage controlled oscillator
during a period from the start to the standing and, accord-
ingly, the phase-synchronized pull of the phase controlled
loop can be speeded up with the motor consequently driven.
As a specific censtruction .of the difference
amplifier output c;amping circuit 53, such a circuit as
shown in Fig. 9(a) can be contemplated. Referring now to
Fig. 9(a), a reference power source 51 is a level clamping
means for the output EAO of the difference amplifier 30; a
comparator 52 compares the output EAO of the difference
amplifier 30 with_ an output Vg, of the reference power
source 51 for detecting a drop of the output EAO down to the

level of Vgy SO that an inverting input of the operational

~amplifier 31 can be controlled to avoid the drop of EAO down

et ween



circuit. The pulse timng selecting neans 29 shown in Fig. 1 wll be

hereinafter described. In the circuit construction of the driving device

for the br
i nvention
non-i nvert
Vreg/ 2. Du

steadily,
simlarly

shortcircutbd @ tevdle howei ntkahi thei levelt afing] . t hthepéby Jheheuidudp PD
of the phase difference detector shown in Fig.

as shown b
| evel bein
t he phase
therein is
vol t age of

ushl ess nmotor according to theggmbodi ment of the present
shown in Fig. 1, it is assuned that the - 32 - bias at the
ing input termnal of the difference anplifier 30 is set to
ring a condition in which the output fromthe difference

Vreg/2 since it is in condition to establish an inagi nal

JePBli rofFi BAOG carhdte | sestrhatedorto whhehlevelata g a HTe

g Vreg and a Low | evel being zero. Under the conditiOon in which
&

welobfe¥ 4,04 itheodeveli af whish the wseifdating dneaenay
controlled to represent. a_pul se waveform having an average
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than V51. By clamping,'that is, holding, EAO output at such
level Veys it is possible to transmit the change of the
output PD at the start as the change of £ and, the quick
synchronized pull (to establish a synchronized condition) of
the phase controlled loop is possible.

It is to be ﬁoted that, although the clamping
level for EAO has been set to be V51’ the clamping may be
effected about at Vg, — AV (AV = some dozen mV) in considex-
ation of offsets and others of various circuit components.

The relationship between the output EAO  and the
oscillating frequency f is shown in Fig. 9(b).

In Fig. 9(b), Vsl represents the clamping level at
which the outpﬁt EAO is clamped, and fmin represents the
lowest oscillating frequency by the lowest frequency setting
circuit.

The pulse timing selecting means 29 shown in Fig.
1 will be hereinafter described.

In the circuit constrﬁction'of the driving device
for the brushless motor according to the embodiment of the

present invention shown in Fig. 1, it is assumed that the

anplifier 30 is not saturated and the phase controlled | oop is operating ~/
the inverting input termnal of the difference anplifier 30 is

;

epresents such a waveform

w



cl ocks of D3 subsequent to the tinme at which Ul becones Low and, therefore,
in reference to the tinme 2 clocks of D3 subsequent to the tine at which Ul
becomes Low, the phase difference detectinnggpul ses S2 and So are generated
during a [err]clock period and, during this period, Uo and No are conpared
so.that the duty of PD can be determ ned depending =~ - 33 - on the
relationship in magnitude between Uo and No. By so doing, the duty w.ll
beconme 50% Hi gh | evel and 50% Low | evel and, therefore, the phase
controlled | oop can be stabilized. In.other words, it is possible for the
phase controlled |oop to operate in stabilized manner when the phase

di.f f erence [ &iFs % wehe DeNmiavertiag;dmputoterminahepfndhie ferenge
foregoing is based on the fact that theggoint of intersect_ between No and

Uo during t h@mRhdierpif} is nsek tPt VREI éri oBUFing antcanditipmdn grhichn
ovi ate fromttits HOBHE (LHGH fh HLLEATenE AL 50 | TF crob AT BEed od
LRI M AR M I A Ll
Pty magnerrEi PLiput "2t RR1OGe STHE AFeRRHERLRT BB RISL'3 1o

difference deéi'gxfj%)li: PUr285/ 82 sAite 01 & 859D it €16h N800 et Gls P edA 0d

at atimng 2 cl s ‘of D3"subsequent to the time at which Ul becones Low
and conpari sGindginE esWEE¥ELACHOt aREtHO tH mtth-SWefeEriPdindie teEnindl

thg PD wavef orm deviates fromthe
\_ thereof. The output PD of the phase difference detector

shown in Fig. 5 represents such a waveform as shown bj.PD in
Fig. 6, that is, a waveform which operates at a High level
being Vreg and a Low level being zero. Under the condition
in which the phase controlled loop is operating steadily,
the PD waveform shown therein is controlled to represent a
pulse waveform having an average voltage of Vreg/2, that is,
a duty ratio of 50% High level and 50% Low level. However,
during the power supply interrupting period, comparing the
neutral point voltage No with the driving coil power supply
waveform Uo, the point of intersection between No and Uo
when the phase difference ¥ between Uo and the driving coil
counterelectromotive voltage Ue is zero coincides at the
center of the power supply interrupting period, that is, 2
clocks of D3 subsequent to the time at which Ul becomes Low
and, therefore, in reference to the time 2 clocks pf' D3
subsequent to the time at which Ul becomes Low, the phase
differen&e'detectiﬁg pulses S2 and So are generated during a
- $0.5 clock period-and,.during this period, Uo and No are

compared so that the duty of PD can be determined depending



condition of 50% Hi gh | evel and 50% Low | evel and, there- fore, a feedback
Is effected to the input of the voltage controlled oscillator 40 through
the difference anplifier 30 for the purgpse of conpensatiihg for the
deviation. As a result thereof, in the formas having a phase difference

correspondi ng to the above descri bed devi ati on between Ue - 34 - and U
the duty of the PD waveformw || becone 50% Hi gh | evel and 50% Low | evel ‘
and the phase controlled | oop can be stabilized. In other words, the !

timng of power supply swtching for the driving coils relative
to .the counterel ectronotive voltage in the drivi n&-’coils wi |l be deviated

froman R i\?}% Eﬁiﬁﬁiﬁgﬁhﬁﬁi AR :‘agf}i%rl:?wlh PaBds Nar ﬁ %i?eﬁ%menon,
s e e i
sel ec'? i ngal?éhn%r}%ﬁe,f‘%ﬁ%h %héf?@%?? gnéﬁ%f#? ni#%.g%cii’ﬁ gﬁ?@#iiﬁe{ié shgwn ;
together g thefide €, di7eL leésgff'ﬁgcféﬁ' Qﬂ?%ége 968fitRbied81688 Pe

. I'n"Frg. 10, Tike

cont enpl at ed” by way of exam™ p ref erence nunerals are

enpl oyed £9 gsopife! 1KCsRABEY 1WRUC haRnr Al Ge iphd401CAi PReYbhbet POSE
shown in Fig.” 1. The outputs Ul, U2, V1, V2, W and W2 of the logic circuit

42 and t heetwednite Rnd Do angd £8r6f the frequency divider 41 are applied as

i nput signals to the phase difference detecting pulse generator.

Ref erence nuneral 20nrepe esthés handpuvhiléi thagfgregodhgndsnbasedf on
the fact that the point of intersect between No and Uo /
during the power supply interrupting period lies interme-
diate of such period, it is assumed that the point of
intersection between No and Uo deviate from the point
intermediate of the power supply interrupting period as a
result of the occurrence of a distortion in the driving coil
power supply waveform Uo, that is, the counterelectromotive
voltage waveform Ue by reason of, for example, the relation-
ship in gaussing pattern of a rotary magnet. In such case,
if as is the foregoing case the phase difference detecting
pulses S2 and So are generated during $0.5 clock period at a V
timing 2 clocks of D3 subsequent to the time at which Ul
becomes Low and comparison is made between Uo. an..d No during
such period, the duty of the PD waveform deviates' from the
condition of 50% High level and 50% Low level and, there-
fore, a feedback is effected to the input of the voltage
controlled oscillator 40 through the difference amplifier 30
for the purpose o.f compensating for the deviation. As a
result thereof, in the form as having a phase difference

corresponding  to the above described deviation between Ue



selecting and setting the timng at which the phase differ- ence detecting
pul ses are generated. Either one of H gh, Mddle and Low signals is
inputted to an input termnal .PT, and iD ggrLespondence wth the input
signals, a conbination of signals Yo, Y1 and Y2 is determ néd. Then,
arrangenent has been nade that depending on the conbi nati on one of - 35
- @y@tches Zo, Z1 and Z2 in each of switch blocks 291 to 296 can be
switched on while the remaining two switches can be switched off. Assum ng
that the High, Mddle and Low signals inputted to the input termnal PT are
expressed by H Mand L, respectively, and the H gh and Low signal s at

term nal s paredUp athet dutyeroff nthe RD waveform? wild ckeromee WYy Highd L,
respectively, states of the signals at each of the above_described
terninal s ahevehosndob0thkowyievabsangd tk% RhGSEZCQBHrBélgﬁniﬁPPZ§éna§e
shown in the follow ng table. PT g Y2 Z0

72 H L stap:.l:.zep. In othgr W r@m, theuzplmin@:pom qyer ﬁupplg

H

O:g :fg\;l,h I?w?-ﬁ"{‘bnge n%‘?’éd ttﬁ%ﬁ tﬁ’e"’s‘ﬁlr‘l%hefﬁb' erz?r}&tié'ear e T t(‘fH@d on
YO, Y,

?gspgctivefgoaPﬁe &gﬁggﬁéﬁgn %?%g%fﬁﬁo &é %?é?(ﬁwfﬂg ng

signals at &leaeggt £ d&@z Al § Bqu‘eeEEF.éﬁeh!tm ﬁ&hﬁ‘é' ectiNg JERals 23

the sw tches _ ec- tively swtched on and of f so that
the timng g5180i8Ret B8ch a phenomenon, arrangement has been made that

i@z the timing of generation of each of the phase difference
detecting pulses S1 to S6 and So can be set by the pulse
timing selecting means 29.

As a specific constfuction of the pulse timing
selecting means 29, such a circuit as shown in Fig. 10 in
which it is showﬁ together with the phase difference detect;

ing pulse generator 28 can be contemplated by way of exam-
ple. In Fig. 10, 1like reference numerals are employed to
denote 1ike parts which are identical in function with those
shown in Fig. 1. The outputs Ul, U2, V1, V2, Wl and W2 of
the logic circuit 42 and the outputs D1, D2 and D3 of the
frequency divider 41 are applied as input signals to the
phase difference detecting pulse generator.  Reference
numeral 29 represents the pulse timing generating means for
selecting and setting the timing at which the phase differ-
. ence detecting pulses are generated. Either one of High,
Middle and Lew signals is inputted to an input tefminal PT,
and in'correspondence wiﬁh the input signals, a combination
of signals Yo, Yl and Y2 is determined. Then, arrangement

has been made that depending on the combination one of



phase difference detecting pulses Sl to S6. and So are generated can be
determ ned. By way of exanple, where the input termnal PT is at a Mddle

| evel and the switch Z1 is switched on, the - 36 - phase difference
detecting pulses S2 and So are, as is the38ase with that shown in Fig. 4,
generated during a D3 0.5 clock period at a reference timng which is two
cl ocks of D3 subsequent to the time at which Ul is rendered to be Low. !
Al so, where the input termnal PT is at a High level and the switch Zo is o/
switched on, as conpared with that shown in Fig. 4, the phase difference
detecting pul ses S2 and So are generated during a 0.5 clock period of D3 at

o ChTE TR g e 5 8 o P YRR S B
Low Tovel aogh b SUkehef? ot 418 6o B Lol Y S DA caloy

during a O. pggkod of D3 at a reference timng whichis 2 + 0.5
cl ock of Dﬁggﬁ g%%ﬁeﬁgffo the tinme at which U is rendered to be Low.

Al though for the purpgsgufind’ SHLY gﬁgerﬁ%g hag da@h JRde p&wY sti%nga.sa”d
So, a simlar description p% apply to S1, 3 S4, S5 and S6 which-are
general |y gﬁgﬁ@é@é 86 thel iaput! FeF@Snald t#’lo%i:éi'é:?@é#’ednb ofhest apd

with S2 an Accordi ngly, Where as herei nbefore di scussed The power

supply ti mﬂﬁ f@épé&@i@ély*. nan@othé HegAt afe@ Lew! BegRALB! areleeiomls we
voltage in the drTving colls deviates

and q and the terminals Yo, Yl and Y2 are expressed'by H and J

L, respectively, states of the signals at each of the above W
described terminals and those of the switches 2o, Z1 and 22

can be summarized as shown in the following table.

PT P q ‘Yo Yl Y2 Zo - zZ1 22

H L| | ® | L L ON | OFF | OFF
L| B| . | H L OFF | ON OFF

L | BE| H| L L H OFF | OFF | ON

It is to be noted that the switches Zo, 21 and 22
are switched on and off when the signals at the terminals
Yo, Y1 and Y2 are High and Low, respectively.

In this way, depending on the respective states of
the signals at the input terminal PT of the pulse timing
selecting means 29, the switches %o, Z1 and %2 are selec-
tively switched on and off so that the timing at which the
phase difference detecting pulses S1 to S6 and So . are
generated can be determined. |

By way of example, where the input terminal'PT.is

at a Middle level and the switch 21 is switched on, the



fromthe optimumefficient point, the selective setting of the timng of
generation of the pulses with the use of the pulse timng sel ecting neans
is effective to conpensate for the deviat%g? wher ef.ore the power supply
timng for the - 37 - driving coils rel"ative to the counterel ectronotive
vol tage can be caused to approach the optinmumefficient point. The reset
cixcwit 60 shown in Fig. 1 will now be described. The reset circuit 60 is
~operabl e, when asynchro- nismoccurs in the phase controlled |oop at the
time the power is turned on or by reason of, for exanple, the cons- traint
of the novable elenment, to initialize by clanmping the output EAO of the

di fference phalsel idiIff¥katicd r@eﬁé@fﬁ?@pﬁﬁSéé 82 i d8d feE€NCRANR idHST
output clanping circuit 53 to assure the phase-synchroni zed pull of the

phase contr casel edthotthat hetiowrs, in Pigl a4} génbbatedt durikgr @ ¥ tiero. g he
operation will be described specifically. Wi le the specific circuit
construct i oslock: peniceskatcia mefierthdes tsimdumy iwhiféhy.idl two rclduksewehtDDf

t he occurrence of the asynchronismat the tinme the power is turned on or in
the phase c&Rbseaueat dep, thaetimepat BAGEh Uhe igi frendexed atpl bei drow80
does not genirall%lcorrespond w th the nunber of revolution of the notor

At this timdlseagwhere,the, dnpitytermngds By ifc & @ diah kewelo ansitthe
oft he phase _difference detectqr 20. Wiere EAOis.in . a tquency to |
decrease, t F¥YEEH 13 Aig FHE yORr o8 [gempared with that shown in

\ Fig. 4, the phase difference detecting pulses S2 and So are
\_~ generated during a 0.5 clock period of D3 at a reference
timing which is 1 + 0.5 clock of D3 subsequent to the.time
at which Ul is rendered to be Low. Also, wﬁere the input
terminal PT is at a Low level and the switch Z2 is switched
on, as compared with that shown in Fig. 4, the phase diffe-
rence detectihg pulses S2 and So are generated during a %0.5
clock period of D3 at a reference timing which is 2 + 0.5
glock of D3 subsequent to the time at which Ul is rendered
to be Low. Although for the purpose of brevity reference
has been made only to S2 and So, a similar description can

apply to S1, S3, S4, S5 and S6 which are general;y generated
at similar timings to those discussed in connection with S2
and So.

Accordingly, where as hereinbefore discussed the
power supply timing for the driving coils relative to the
counterelectromotive voltage in the driving coils deviates
from the-optimum gfficient point, the selective setting of
the timing of generation of the pulses with the use of the
pulse timing selecting means is effective to compensate for

the deviation wherefore the power supply timing for the



voltage controlled oscillator 40 will be a | ow frequency, while where EAO

Is in atendency to be naturally initializ- ed, but in a tendency to

i ncrease, a tendency reverse to that durgfg_the initialization occurs. -
38 - In such case, EAOw || soon be saturated, the imginal shortcircuit
between the input termnals of the operational anplifier 31 will not be :
establ i shed, and therefore, the voltage at the inverting input termnal of |
the operational anplifier will beconme of a value | ower than the voltage at
the non-inverting input termnal thereof. This is detected by a conparator
680. -In other words, an output transistor 685 of the conparator 680 is so
const r uct -deitvingt coid ssweldtiventahdhe rounkaxeectronetivenyoliage
shortcircuit will not establish, and, therefore, once the transistor 685 is
swit ched omanabercausedotocapproashi thpeapsinupyeffigientcpodditi 661 with

t he consequence that an output transistor 667 of ,the reset circuit 6% can

be switch- ed on. A ThBe| &eest Slmsinits & shewRipuFiG anki€ibl BEY €
connect ed &/ith ag 8 term nal of the phase difference detec- tor 20 shown in
Fig. 5 and9®BfEt+8PBre, when the output transistor 667 is swtched on, the

ut put PD W i1 | 00seap ooyttt SAL N0 R L1 JDELALA" SieskifiaUl PU

have only a argrng capabi calisi ng 't he “out put EAO

of the difkggﬁn%mi{%e&h%oa%agéoapn{%ﬂkap_ﬁo PeCAUNd NUeSeUithd the

di fference anplifier output cl I'ng circuit 53 is erated and EAO I's
subsequent pywgkadReburld of 62 BFY redfivh BIQ ifof! éRnRglel henkr bwss-
traint of the movable element, to initialize by clamping the J

output EAO of the difference amplifier 30 at the clamping
level of the difference amplifier output clamping circuit 53
to assure the phase-synchronized pull of the phase control-
led loop, that is, the start of the motor. -

Hereinafter, the operation will be described
specifically.

While the specific circuit construct__ion of the
reset circuit 60 is shown in Fig. 11, in the event of the
occurrence of the asynchronism at the time the power is L
turned on or in the phase controlled loop, the output ERO of -/
- the difference amplifier 30 does not generally correspond
with the number of revolution of the motor. At this time,

EAO is increasing or decreasing according to the output PD
oft he phase difference detector 20. Where EAC is in a
tendency to decrease, the oscillating frequency £ of the
voltage controlled oscillator 40 will be a low frequency,
while where EAO is in a tendency to be naturally initializ-

ed, but in a tendency to increase, a tendency reverse to

that during the initialization occurs.



tor 55 conducts to relieve the transistor 664 fromthe OFF state caused by
the latch circuit 661, thereby switching the transistor 664 on. As a result
t hereof, the output transis- tor 667 of dhg reset circuit 60 is swtched
of f and the .- 39 - current absorbing capability ‘of the output PDis
recovered, with the initialization of EAO subsequently termnated. In this
way,.the reset circuit 60 detects this when the output EAO of the
difference anplifier 30 increases and is saturated, thereby |owering EAO
whil e the output PD of the phase difference, detector 20 is inparted only
the current discharging capability. On the other hand, at the nonment EAO is
ctanped by the operat I8n 8echheafidf eEdOcewhhd| isidoer bet matutated g the
circuit 53, the current absorbing capability of PDis recovered with the

i ni tializat "ORIIPEAGRRFIFIEFREL o hedmaeany| Fhe Adnpust ngeyminplsheofr dliesi on
of the reset_circuyit 60, the, qutput EAO of the difference amplifier 30 can
be initiali ?Eﬁrﬁﬁgof‘ﬁ ,nﬁf“gﬁ"'%&ﬁ e dssWiddi y notar bey eptabliishesd, t and i ne
t he power i r on Qr b ne_ot her _reason asynchroni smoccur in the
phase contrgr%g:&%?%&j. t%t%o%ﬂiﬁagFoat etié%r é&gleﬁﬁgf‘gl R cHeEmbBAL maE |

Lo cont fol TRE SESrAIEraY AREIE I SR EE R Cond ot P  RolYs dage e °
P o e
os\ci IlTator ghigl lig i @BEecté@nbyelerClombatdfori EBBL ENGR ISLINASGoRALYCSR the
(_ output transistor 685 of the comparator 680 is so construct-
ed as to be switched on when the above described imaginal
shortcircuit will not establish, and, therefore, once the
transistor 685 is switched on, a transistor 664 is switched
off by a latch circuit 661 with the consequence that an
output transistor 667 of the reset circuit 60 can be switch-
ed on. A collector output S of the output transistor 667 is
connected with an S terminal of the phase difference detec-
tor 20 shown in Fig. 5 and, therefore, when the output
transistor 667 is switched on, the output PD will loose a
current absorbing capability. Therefore, the output PD will
have only a current discharging capability, causing the
output EAO of the difference amplifier 30 to drop. The drop
of EAO continues until the difference amplifier output
clamping circuit 53 is operated and EAO is subsequently
clamped. That is to say, when EAO is clamped, the transis-
tor 55 conducts to relieve the transistor 664 from the OFF
state caused by the latch circuit 661, thereby switching the

transistor 664 on. As a result thereof, the output transis-

tor 667 of the reset circuit 60 is switched off and the



power supply waveform and the counterel ectronotive voltage in the driving
coils with the use of the phase difference detector and controlling the
phase difference to zero by the utili zat3igor of an anplified signal thereof,
there is no - 40 - influence brought about by the armature reaction and
the notor can be driven efficiently, yet, no filtering circuit hitherto
required is required. Accordingly, a large capa- city capacitor can be \~J
consi derably reduced. Also, since the phase difference detector generates

t he phase difference detecting pul ses during the power supply interrupting
period for the driving coils and equivalently provides the phase difference
out put of currenturrhsarhinia FaRakkl e 1 @fethRdORERPUSORD: 18 FHRSPERFELhi ng
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interrupting perio he driving coils any possible

i nfluence ag{c?uﬂ@t sabarhtby, t RpeRble TR AmdevRYOdetie MutgaMer pDSI nce

t he phase f'erence detecfion is carried out during the power supply

i nterruptigy gRei Ghas¥YdPOEELEheeV Adtagiolf 0RO NG | impattedt only eEhet i ng

fromthe power supply current generated during the power supply period and

t he i npedanaerat t 4eschavgpggceapabidlifcyhr i in nchedother hamnidjerae. the

addition, since the width of the phase difference detecting .
moment EAO is clamped by the operation of the difference

~
amplifier output clamping circuit 53, the current absorbing
capability of PD is recovered with the initialization of EAO
terminated accordingly.

Accordingly, by the provision of the reset circuit
60, the output EAO of the difference amplifier 30 can be
initialized and the motor can be assuredly started even when
at the time the power is turned on or by some other reason
asynchronism occur in the phase controlled loop.

According to the foregoing illustrated embodiment, .
by the provision of the so-called phase controlled loop (PLL “
loop) operable to control the oscillating frequency and the
phase of the voltage controlled oscillator by supplying an
electric power through the motor driving coils on the basis
of the output of the voltage controlled oscillator at all
times, then detecting the difference in phase between the
power supply waveform and the counterelectromotive voltage
in the driving coils with the use of the phase difference
detector and controlling the phase dif{ference to zero by the

utilization of an amplified signal <:hereof, there is no



pul se generated during the power supply interrupting period is constant
relative to the electrical angle of the notor or the nechanical angle and
depends only on the duty of the conparisoggout put between the
counterelectronotive voltage. .. - 41 - and the neutral point voltage during
the period in which the phase difference detecting pul ses are generat ed,

t he—phase difference detecting gain does not vary under the influence of

t he nunber of revolution of the notor and the phase controlled | oop can be
operated in a stabilized manner at all tines. Also, in the illustrated
enbodi nent, since the phase controlled |loop for controlling the

osci | | ati nginfdygeacey brought gheont dvyt ftheychrmgturentresdtddmsand| athe i s
so constructed that the output of the voltage controlled oscillator can be
suppl i ed t hPOEGR (GaR nBe oArdven &f fdsientdya tyRt phaee fdilteaingc e imsuiden

t he power s$g%b§ wavef orm and {he counterel ectronotjive voltage for the
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K,f difference output of the counterelectromotive voltage and
the power supply switching signal by comparing the counter-
electromotive voltage generated in the driving coils and the
neutral point voltage during the power supply interrupting
period for the driving coils, the timing of generation of
the detecting pulse can be set so as to avoid the period
during which spike noises tending to be generated immediate-
ly after the power supply interrupting period for the
driving coils and, therefore, any possible influence brought
about by the spike noises can be avoided. Moreover, since
the phase difference detection is carried out during the
power supply interrupting period, any possible voltage drop
and its variation resulting from the power supply current
generated during the power supply period and the impedance
of the driving coils will bring ne adverse influence. 1In
addition, since the width of the phase difference detecting
pulse generated during the power supply interrupting period
is constant relative to the electrical angle of the motor or

the mechanical angle and depends only on the duty of the

comparison output between the counterelectromotive voltage



i nvention wll be described with reference to the drawings. Fig. 12
i1lustrates an essential portion of the circuit construction of the driving
device for the brushless notor according,to the second enbodi ment of the
present - 42 - invention. It differs fromthe construction of Fig. 1 in
that a timng circuit 260 is enployed, the structure other than the use of
the timng device 260 being identical with the brushless notor driving \~J
device shown in Fig. 1. Referring to an exanple of the construction of the
timng circuit 260, and referring to Fig. 12, the output D4 of the
frequency divider 41 is connected with the base of a transistor 262 through
a resistorar@lthefnegatiragepointdepleagpr daedngf thes perdosl 63 whidh? Ghe S
connected between the stabilizing power source |ine Vreg and ground, a

vol t age di phdsegdififerehdecidatectingt pulsesh ariec generated, t thesiphaseor
268 whose em tter is connected wth the base of a transistor 266. The
transi st oréiffesenns dereshiaq lggin daes aat cHRFEcurgeroglehdnilwengeso
with the stabilizing power source |ine Vreg through a constant. current

)
source 265°ETH9, 1 hef: Eerqlytion s ofi sthe matar andn e ghasSr of

| | ector - t | St 269. The t - Si st . £H66 and_267 h
Thei T col | ERHEFEILBCAER GRhnbe ARRASCA (U BciafabLELod nERBREE. S50

and 271. Thﬁ bgsessof the transistors 270 and 271 are connected together
and al so c8 ﬁe tB&%Wi th the collector of the transistor 270 while the

emtters of the ”anwih%%?siﬁmtﬁé‘d 131hs32 tUVBABEa 1 RehiRhACt i Rbe 2 the S

connected in series :
phase controlled 1loop for controlling the oscillating o/

frequency and the phase of the voltage controlled oscillator
is so constructed that the output of the voltage controlled
oscillator can be supplied through the motor driving coils
and the phase difference between the power supply waveform
and the counterelectromotive voltage for the driving coils
can be controlled to zero, the oscillating frequency of the
voltage controlled oscillator or the output frequency of the
frequency divider therefor assumes a frequency corresponding
to the rotational speed of the motor when the phase control-
led loop is in a pull state. Accaordingly, as shown in Fig.
l, it is possible to provide the speed signal output termi-
nal 202 with the motor speed signal through the transistor
200 which is selectively switched on and off according to
the output of the frequency divider.

Hereinafter, a second embodiment of the present
invention will be described with reference to the drawings.

Fig. 12 illustrates an essentiﬁl portion of the
circuit construction of the driving device for the brushless

motor according to the second embodiment of the present



constant current source 272 between the stabilizing power source |ine Vreg

and ground. A junction K between the constant current source 272 and the
capacitor 273 is con- nected with the base4®f-the transistor 269 and al so-
with the - 43 - emtter of "a collector-grounded -transistor 274. The base

ofi the transistor 274 is connected with the.voltage dividing point J. A
coxyywn junction between the respective collec- tors of the transistors 267
and 271 is connected with the base of the transistor 275, and the emtter
of the transis- tor 275 is connected with the emtter of the transistor 262

and al SO W t{neokih . Ykt tdi?f%‘l{# e &[‘StpE E%lerst’[ e %féﬁ’eakg?]\k?.r-sglg{]iggw

and 262 are connected together an SO W i ZIn
e othér

line Vreg thiiuwhaatinshgt @iretiaikd Nesbanpieled,t taas!
transi stor 277 has its er§ritter connect ed vvit% g?gur'ld and ﬁ@%‘g\? ector

connect ed withan hehét abel iofi RhepOVBiR@UAERIEEN6 YT B il Oiwéh@iééfﬁiﬁmf&
278 and also with the speed signal output termnal 279. "The operation o

the brushl esshemtxushiless niptiew i deiving hdevboy eskiewsrimepigons{ruction will
now be descri bed. Wen a power source voltage Vcc is applied, the _
stabilizing power sourReferxzing te¢sampexampbe of tthé heomssebuttibhigoFothage
Vreg generated and the entire circuit is therefore operated with the notor
started. At ¥mingieircwhen260e andbrefermgngotoadigyvr 4P, sthepbutput oDé he
stabi- |izing power _source line, a constant voltage [err]

of the frequency divider 41 is connected with the base of a

\‘\/ transistor 262 through a resistor 261. A voltage divider
comprised of resistors 263 and 264 is conhected between the
stabilizing power source line Vreg and ground, a voltage
dividing point J being connected with the baée'of a transis-
tor 268 whose emitter is connectéd with the base of a
transistor 266. The transistors 266 and 267 have their
emitters connected together and also with the stabilizing
power source line Vreg through a constant current source
265. The base of the transistor 267 is connected with the
emitter of a collector-grounded transistor 269. The tran-

\— sistors 266 and 267 have their collectors connected with
respective collectors of transistors 270 and 271. The bases
of the transistors 270 and 271 are connected together and
also connected with the collector of the transistor 270
while the emitters of the transistors 270 and 271 are
grounded. A capacitor 273 is connected in series w;‘.th a
constant current source 272 between the stabilizing power
source line Vreg and ground. A junction K betwéen the

constant current source 272 and the capacitor 273 is con-

nected with the base of the transistor 269 and also with the



[err]) (wherein [err] and [err] represent respective resistances of the
resistor 263 and 264) is generated at the _base of one transistor 268

formng a part of a differential transrsf@r=pair, that is, -the voltage

di vidi ng point J between the - 44 - resistors 263 and 264. On the other
hand, the voltage at the base of the other transistor 269 formng a part of
the differential transistor pair, that is, the junction K, gradually oy
i ncreases with the progress of the charging of the current fromthe A
constant current source 272 on the capaci- tor 273. During a period in

whi ch -t he &ﬂ%ﬂhggo@nﬁt ESlEéE%B?Lgﬁoaﬁaeg?‘?:QNsi?é?’brb‘i% Prefgedade of

subsequent to the application o e stabil1zing voltage Vreg and,

theref ore, thhe QAR ¥ 298 B8 NdorthédtédWaithhaihd h@ol/@é?élgai&tidﬂi@
point J, the transistors 267 and 266 are switched on and offt, respectively,

and therefpogntt I8 t rANsbmMOH  Jhhctionnwbiethserontkadrebpettane Hollet~ i s
kept in an off state at all tine, with the consequence that the speed

si gnal out potrst exfivi tiae” 2¥ansibahons 2672 ahdh2fdvdls ddmrectedrwikth padesage
of -a predeterm ned tine and consequent upon the progress of the charging on
t he capaci base2d¥ tthe atansjestar t2ikb pornd thécenibteni gfiethehdransds-

vol tage at the point J, the transistors 267 and 266 are sw tched off and
on, respectori @dby is aannaatied Wit thenenitber29f shenfransiswkedr &&2 and
the transistqor 277 assuming a state reverse tQ that of the transistor 262.

At this tiABd aA&c Wikl gronnday Yetyeth@ CPdilRpCtsc Rdd the Fesgactive
depending o bl Hg 975 QHo0R% a0 RGN Rbthd ol S Ven
the stabilizing power source line Vreg through a resistor ~
276 and the base of a transistor 277. The transistor 277
has its emitter connected with ground and its collector
connected with the stabilizing  power source 1line Vreg
through a resistor 278 and also with the speed signal output
- terminal 279.

The operation of the brushless motor driving
device of the above described construction will now be
described.

When a power source voltage Vcc is applied, the ;,t
stabilizing power source starts its operation with the
stabilizing voltage Vreg generated and the entire circuit is
therefore operated with the motor started. At this time,
when the stabilizing voltage Vreg is applied to the stabi-
lizing power source line, a constant voltage Vreg-.R54/(R63 +
R54) {(wherein R63 and R54 represent respective resistances
of the resistor 263 and 264) is generated at the base of one
transistor 268 forming a part of a differential transistor

pair, that is, the voltage dividing point J between the



response to such state, the transistor 277 is swtched off or on and,
therefore, a rectangular wave signal in which the H gh and Low states are
repeated in correspondence with the output D4 of the frequency divider 41
is outputted fromthe - 45 - speed si gndl eutput term nal 279. As

her ei nabove described, the timng circuit 260 is so constructed as to

ow put a frequency signal corresponding to the output frequency of the
frequency divider after the passage of the predeterm ned tinme subsequent to
the start of the notor. As hereinbefore described, by the provision of the
timng circuit 260, the frequency signal is outputted at the speed signal

t put t ' s ft 't tral | ed f ' h h
G For ence baeEi8ESrR, s | JRaPARAC OB (Ehd "BrheRD Hatito, Lk (VphBagE Bt
count er el ect ' t ' e L\ Oi ei_ip the I
e Tn ot PRS0 badS 6 LK bEherCrEhhiiBEGE 6y WGHE £ hatl hicaNa o
the start of gilfge¥Bheiadndeahglstbe ﬁ#ﬁf? copdgoligd | ij%n@tgl&ﬁt Iédln
Si gn

the pull state, no frequency signal w be outputted to the“spee

out put term gahdiddd1yBineredeesgwithnehe! peobireaeedE) the' chaReNd" D eHe
oscillating frequency of the voltage controlled oscillator 40 or "t he out put

frequency of culzehtefwenc thi Watestatit icursyechrsouzes 272hohhehadicapagieed
after the passage of the predeterm ned tinme subsequent to the start of the
nmotor, that FOr a21¥v t Mmnimgseac@eridd ednl cepiths theenchapgghyy iont ke
pull state, the notor speed signal can be obtained at the speed signal

oyt put terni f@Pagior 273 has not yet been proceeded subsequent to the

o application of the stabilizing voltage Vreg and, therefore,
the ﬁoltage at the point K is lower than the voltage at the
'point.J, the transistors 267 and 266 are switched on and
off, respectively; and therefore, the transistor 275 is
switched on and the transistor 277 is kept in an off state
at all time, with the consequence that the speed signal
output terminal 279 remains at a High level. When after the
passage of a predetermined time gnd consequent upon the
progress of the charging on the capacitor 273 the voltége at
the point K becomes higher than the voltage at the point J,
the transistors 267 and 266 are swifched off and on, respec-
tively, resulting in the transistor 276 being switched off
and the transistor 277 assuming a state reverse to that of
the transistor 262. At this time, the transistor 262 is
selectively switched on or off dépending on the High or Low
state of the output D4 of the frequency divider 41 and, in
response to such state, the transistor 277 is switched off
or on and; therefore, a recténgular wave signal in which the
High and Low states are repeated in correspondence with the

output D4 of the frequency divider 41 is outputted from the



It is to be noted that, although in the enbodi- nents shown i n Figs. 1
12 the notor speed signal has been described as forned on the basis of

out put of

oscillating frequency of the voltage controlled oscillator

the frequency divider, arrangepgnl rmay be nmade that the -

used as the speed signal. Wiile in the enbodi nent of the present invent

t he case i

i nvention

and
t he
46 -

itself can be

i on

s shown with a three-phase total wave drive system a brushless |
notor driving device of a systemsimlar to that of the present inventi
can be realized even in other drive systens, for exanple, a two-phase t
wave drive system a two-phase half wave drive systemor a three-phase half
wave drivespged esigfialisouhpubr tenisaln2?®s chat hereinsbeweodeskyipedsent

is conprised of a plurality of different phase notor driving

on “/

ot al

coils; a ptheattiiming airouit t26hsist ®os eonptrretedi tas t k0 AUEPWY &oil s;

a voltage
appropri at

power suppl tchln

controlled oscillator for outputting a signal having an
%rew%aexn@}gna& ﬁmmsp g &% e nguspp&l Freqpens¥ nPhg

t he basi,s

B equenchie: Treduenty caiBiteR SEbetnEhe  bageRdy SF tBe PRackiRrmiirne
gnagt%‘g#ég&gﬁg ntEobledeoset! bgt gpo gopagse difference detector

vol t age of
operable t

erence meen

signal and a counter gLe},LaRhbYEo¥E! b88ribed, by the provision of the

timing circuit 260, the frequency.signal is outputted at the
speed signal output terminal 279 after the phase controlled
loop for =zeroing the phase difference between the power
supply waveform for the motor and the counterelectromotive
voltage in the driving coils has been set in the pull state.
In other words, during a transit condition that lasts
subsequent to the start of the motor and before the phase
controlled loop is brought in the pull state, no frequency
signal will be outputted to the speed signéi output terminal
279. By so doing, since the f:equency corrésponding.to the
oscillating frequency of the voltage controlled oscillator
40 or the output frequency of the fﬁequency divider 41 is
synchronized with the motor speed after the passage of the
predetermined time subsequent to fhe start of the motor,
that is, after thé phase controlled loop hés been brought in
the pull state, the motor speed signal can be obtained at
the speed signal output terminal 279.

It is to be noted that, although in the embodi-
ments shown in Figs. 1 and 12 the motor speed signal has
been described as formed bn the basis of the output.of the

frequency divider, arrangement may be made that the

a
of

power supply sw tching



generated in the driving coils, said phase difference detector including a
pul se timng selecting neans for selecting the timng at which a phase

di fference detecting pul se having -a pr edet er m ned phase
relationship with the power supply - 47 - switching signal is generated
during a period in which no electric power is supplied to the driving
cQ%%s, said phase difference detector_ glsq including a conparator for
coffparing a counterel ectronotive voltage generated in ..the driving coils
with a neutral point voltage of the driving coils during a period in which
t he phase difference detecting pulse is generated; "and a difference
anplifier for anplifying an output fromthe conparator and capable of
generating an output which is in turn applied to the voltage controll ed
oscillator. Wth this construction, it is possible to realize the

extrenely exstgbﬁ-m&htahgﬁ Hﬁ}merﬂayargflr the dRyltsge\htelitfotiedoloscidiliato he

use of the hitherto re ed filtering circuit and is therefore capabl e of

consi der abl yi%?@!@ Bant Ba @aBachkothef spead edgmailtance and which is free
from such problens variations resulting fromthe spi ke noises contained in

the driving coil power suppl%gwavetorn1and fromthe supplied power and the
i npedance of the driving coi FBiigd iR he enBAdiRepbweLt e FreSeRhge and

| oad and, aligfrerition ovkei asy ise dwiti wlien resthreagphaee tbstal
wave drive system, a brushless motor driving device of
N a system similar to that of the present invention can
N\ be realized even in other drive systems, for example, a
two-phase total wave drive system, a two-phase half
wave drive system or a three-phase half wave drive

system. '
Thus the brushless motor control system of the
present invention is comprised of a plurality of
different phase motor driving coils; a plurality of
driving transistors connected with the driving coils; a
voltage controlled oscillator for outputting a signal
having an appropriate frequency: a power supply
switching circuit for forming a power supply switching
signal for the driving coils on the basis of a
frecuency signal corresponding to the frequency of
. oscillation of the voltage of the voltage controlled
oscillator; a phase difference detector operable to
detect a phase difference between the power supply
switching signal and a countereletromotive voltage
generated in the driving coils, said phase difference
detector including a pulse timing selecting means for
selecting the timing at which a phase difference
detecting pulse having a predetermined phase

relationship with the power supply



armature reaction. Also, by the provision of the |owest frequency
setting circuit, the 48 oscillating frequency of the voltage controlled

oscillator can be set to the | owest frequency at the tinme the power
turned on thereby to generate the revolving magnetic field at a speed
enough for the novable element to follow up so that the notor can be

assuredly started. Yet, by thg7pr~ovision of the difference anplifi erq

out put clanping circuit,

Al so,

OVI S| tlmn sel_ect -

whi ch tsalphasaméfeud@fcf@r@acect d?ﬁ@"ﬁﬂ?se?% béngéﬁéulased 2
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t he gui ¢k phase synchroni sm of the phase

controll‘ed loop is possible to assuredly start the notor by clanping the'

| evel ofwibehdnbf eiened abpl geheratedputurEag ;4 paripdvdn sthighch the

osci |l atl ng c he qvo ntgpl ltﬁq, 0§eivi orcdﬂg ncr eased.
por RELATELES peiie? e e@RELEE A
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anplifier output cap_be_initialli e WA donorin
the eveffi€ofP &%ﬁgﬁ r5Pcs gg\.’é%%lg‘:é sync% sm gfee'%he% as

cont rol heddipppgrande tdmpldiffiey; €Ehr rmnmllﬁﬁhn%e adssmdéﬂ}ly sf’é@med By the
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to the OSCi

reque
which is 1n turn applied to the voltage controlled

oscillator.

With this construction, it is possible to

realize the extremely excellent brushless motor drive
device which does not require the use of the hitherto
required filtering circuit and is therefore capable of
considerably reducing the capacitor of high capacitance
and which is free from such problems variations
resulting from the spike noises contained in the
driving coil power supply waveform and from the
supplied power and the impedance of the driving coils
and a variation in power source voltage and load and,
also, the lowering of the efficiency resulting from the
armature reaction. Also, by the provision of the
lowest frequency setting circuit, the

/
-/



of the voltage controlled oscillator or output frequency of the frequency
di vider operable to divide the oscillating - 49 - frequency of the
voltage controlled oscillator is outputted as the speed signal, the notor
speed detection is possible wthout the eﬂbloynent of a speed detector such
as a hole elenment for the speed detection, or w thout specially connecting
a\tgchoneter with the notor. Also, since ar- rangenent has been made that
the frequency signal can be obtained fromthe voltage controlled oscillator
or the frequency. divider therefor, the speed detecting frequency can be
sufficiently increased and, therefore, a highly accurate quick control of

hi gh responésciklavsng bEeeqﬁene tlpE sieedvelbage! coateediledd oddy Exktidat on,
by integrating together into an IC, the brushless notor drive device’

extrenel y exael bensetntpether fowestafitelfaencg at eher aiwiey thehipowexl isinber
of externally fitted parts can be realized at reduced costs. - 50 -

* C L Muthed*ofil sheBeby. to gehdratsh| ehe revolvingt magneyxdicenfiglidh
conprises a plurality of different phase notor driving coils; a plurality
of driving ataasspeeds enoughctfor whé mbvablevielgment! sto afoblowgap so
controlled oscillator for outputting a signal having an appropriate
frequency; that the motor can be assuredly started. Yet, by the
provision ' of the difference amplifier output clamping

_ circuit, the quick phase synchroniém of the phase controlled
v loop is possible to assuredly start the motor by clamping
the level of the difference amplifier output EAO at the
level at which the osczllatzng frequency of the voltage
controlled osclllator is increased.

Also, by the provision of the pulse timing select-
ing means, the timing at which the phase difference detect-
ing pulses can be generated can be determined:and, there-
fore, it is 'possible to render th.e. timing at which the
electric power.is supplied to the driving coils relative to
the counterelectromotive voltage in the driiring coils to
approach the optimum efficient point.

By the provision of the reset circuit, the diffe-
rence amplifier output can be initialized even when the
power is turned on or in thg event of occurrence of a
deviation in synchronism of the phase controlled loop and,
therefore, the motor can be assuredly started.

By the employment of the construction wherein the
frequency signal corresponding to the oscillating frequendy

of the voltage controlled oscillator_or output frequency of

the frequency divider operable to divide the oscillating



power supply switching circuit for form ng a power supply sw tching signal
for the driving coils on the basis of a frequency signal corresponding
to the frequency of oscillation of the voltage of the voltage controlled
oscillator; a phase difference detector operable to detect a phase

di fference between the power supply switching signal and a

counterel ectronotive voltage generated in the driving coils, said phase L,;
di fference detector including a pulse timng selecting neans for sel ecting
the timng at which a phase difference deggcting pul se having a
predet.erm ned phase relationship with the power supply switching signal is
generated during a period in which no electric power is supplied to the
driving coils, said phase difference detector also including a conparator
for conparing a counterel ectronotive voltage generated in the driving coils
with a neutral point voltage of the driving coils during a period in which =
t he phase difference detecting pulse is generated; and a difference
anplifier firequgncy ywihgthenvodtaget contamllede osaiddatonris acutptted
generating an output which is in turn applied to the voltage controlled
osci | | at or a®2.the speedbsigmadss the onotont speedydesectdionfiscposaibleai m
1, further conprising a difference anplifier output clanping circuit for

cl anpi ng awigthgut thet gmpdoymensn@f adpspeed daatem:%psssgi ase 3 ehele and
a reset circuit operable in such a manner that, when the output of the

di f f er ence SHANSAY orIQX t FHR SP99Ft QAtection, or without specially

connecting a tachometer ﬁith the motor. Also;'since ar-  /
rangement has been made that the frequency signal can be
obtained from the voltage controlled oscillator or the
fregquency divider therefof, the speed detecting frequency
can be sufficiently incieased and, therefore, & highly
accurate quick control of high response is possible where
the speed control is desired. :

- In addition, by integrating togéther into an IC,
the brushless motor drive device .extredely' excellent in
performance and having an extremely minimﬁzed number of

externally fitted parts can be realized at reduced costs. o’/



an effective operating range, the output of the difference anplifier is
caused to decrease until the output of the difference anplifier is such
that it is clanped at said appropriate |evel the difference anplifier
output clanping circuit, at which tine the effect 0 ~eset_circuit is

i nhi bited. 3. The brushl ess nmot-orggcent r ol fined-in Caiml,
fugher conprising a lowest frequency setti ng .ci W’Q H”L’,ﬂg t he
| owest oscillating frequency of the voltage cdntrol

The brushéeasmget or control systemas defined in Claim1l, furt er

conpri 51m/est frequency setting circuit for setting the |owest

oscilliating frequency of the voltage controlled oscillator and a

differ enck. arrpl i Ai brusbhlesst mQﬂ%rﬁ‘?fgtr%l- reYFtens Which SamBF#sSa%e out put

of the dif ;?dg)'bf' i r¥erdantd ﬁé' ﬁbtoh:e%ﬂ'z.vﬁ'xg co:.Ibe kf ushl ess
nmot or contr yst as defiped in Jjm1l, further frequency
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osci | | at Oarﬂeﬁlnéhe&eh.ms Whal evamtag‘epUt:ointmlﬂJed f Dsquéﬂ@tqr wﬂi:ar i's

i nputted to t ¢chi
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frequencypédwerdesupplyut puitehing acimcwit sptex stHQ'Ga poveR:
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timng cif or o i ng~ as the mofor speed Signa afre uency
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e theco%%iggled oscillator; a phase difference detector -
operable to detect a phase difference between the power
supply switching signal and a counterelectromotlve
voltage  generated in the driving co:Lls, .said phase
difference detector including a pulse timing selecting
means for selecting the timing -a_f: 'wh'ic,h a phase
difference detecting pulse having a predetermined phase
relationship with the power supply switching signal is
generated during a period in which no electric power is
supplied to the driving coils, said phase difference

detector also including a comparator for comparing a

counterelectromotive voltage generated in the driving
coils with a neutral point voltage of the driving coils
during a period in which the phase difference detecting
pulse is generated; and a di_fference_ amplifier for
amplifying an output from . the cempar_ator and for
generating an output which is in turn applied to the
voltage controlled oscillator.

- 2. The brushless motor control system as defined in
Claim 1, further comprising a difference amplifier
g output clamping circuit for clamping an output of the
difference amplifier at an appropriate level, and a
reset circuit operable in such a manner that, when the
output of the difference amplifier attains a limit of



a predeternmned tine subsequent to the start of the notor.

NN O R

an effective operating range, the output of the
difference amplifier is caused to decrease until the
output of the difference amplifier is such that it is
clamped at said é.ppropriate level by the difference
amplifier output clamping circuit, at which time the
effect of the reset circuit is inhibited.

3. The brushless motor control system as defined in
Claim 1, further comprising a lowest frequency setting
circuit for setting the lowest oscillating frequency of
the voltage controlled oscillator.

4. The brushless motor control system as defined in
Claim 1, further ¢ompfising a lowest frequency setting
circuit for setting the lowest oscilliating frequency
cf the voltage éonﬁrgl‘led oscillator and a difference
amplifier oﬁtput" clamping circuit for clamping the
output of the difference amplifier at an appropriate
level. '

5. The brushléss motor control system as defined in
Claim 1, further comprising a frequency divider for
dividing the oscillating frequency of the voltage
controlled oscillator and wherein, while an output fronm
the frequency divider is inputted to the power supply
switching circuit, a frequency’signal corresponding to
the oscillating frequency or an output frequency of the
frequency divider is outputted as a motor speed signal.

6. The brushless motor control system as defined in
Claim 5, further comprising a timing circuit for
outputting, as the motor speed signal, a frequency
signal corresponding to the oscillating frequency of
the +voltage controlled oscillator or the output
frequency of the frequency divider after the passage of
a predetermined time subsequent to the start of the
motor.
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