; e3eDL(8 6T"3 Decenber 2004 - 1 MOTOR HAVI NG CHARACTERI STI C STRUCTURE | N
ARMATURE AND DI SC APPARATUS BACKGROUND OF THE | NVENTI ON (FILELD OF TH
| NVENTI ON) The present invention relates to a notor used $ Hecembgri
disc-1ike nedium particularly to a 5 revolving-field type notor, and rmre
particularly to a notor having a charatteristic structure in an arnature.
Further, the present invention relates to a rotating apparatus of a
di sc-1ike nmedi um usi ngorbe mAMVINGTEMARACTERIFIVE, sTRUCPYREDP! €, a disc

apparatus. 10 (DESCRI PTI %E ving-field type notor
of an outer rotor type |s&\|§ﬁg’$}ﬁ 3@1‘5%@@ Pﬁﬁhgﬁ ed for rotating a

di sc-1i ke nmediumdue to a snooth rotation and a S|nple structure.
Accordingly, a description 15 will be given of a prior art on the basis of

[ : hi , th
i'sc. 11 ke ol GCTAANRaES tREG ahﬁéﬁh%pﬁih o1 kfe: Ereéi om Egifggt acenter
VD, h PD. a D TR &FWQER&WE@EB O R RWand RAM and the |ike as
ol | et vel y moans. a df B¢ BIEREY i beRACE BN GoRRESAoEe: PpRPBL PiPERer,

collectively neans a disc OWi ng

Since an obj egt ksthoikg! 8t g Lhey kécmeabsm megLuBy L8125 gatled as the disc

wi thout relation to a natter whet Dece
5 revolving-field type motor, and more particularly to a

motor having a characteristic structure in an armature.
Further, the present invention relates to a rotating
apparatus of a disc-like medium using the motor
mentioned above, for example, a disc apparatus.

10 (DESCRIPTION OF THE RELATED ART)

A revolving-field type motor of an outer
rotor type is generally used for a motor used for
rotating a disc-like medium due to a smooth rotation
and a simple structure. Accordingly, a description

15 will be given of a prior art on the basis of an
exemplification of an outer rotor type motor.

In this case, the disc-like medium indicates
a concentric disc-like medium having a center hole, and
for example, means a medium such as a floppy disc, an

20 MO, an MD, a PD, a CD (ROM, R and RW), DVD (ROM, R, RW
and RAM) and the like as well as an old record (LP, EP
and the like) disc. These mediums collectively means a
disc simply in the following description. Further,
since an object is to rotate the disc, the medium is

25 called as the disc without relation to a matter whether



- 2 or not the disc is received in a jacket. At first, a description wll
be given below of a radial gap notor and an axial gap notor, as a
conventional notor technique. Fig. 17 is a perspective 5 % Dagepibes 2004
conventional radial gap notor, and Fig. 18 is a cross sectional view along
aline X-Xin Fig. 17. A description-wlF be given of a structure of the
conventional radial gap notor on the basis of the perspective viewin Fig.
17 and the cP6s§°§e§g?oﬁéﬁcleSvﬁéweﬂﬁeﬁigﬂ #8Jar&k&rence numeral 10 denotes
a pole, which corresponds to a |am nated iron core pole forned by

| ami nating a plurality?éf fdFBiteod SEEEK1pLiras widd gﬁegéﬁﬁﬂnﬁeéﬁweddy
current. Reference 15 denotes a coil, which is wound around the

| 46

pole 10 and P§ ﬁh?éaggﬁggﬁPiW@teﬁr?éﬁtapsaégﬁﬂiéép Reterendé Auneral 61
denot t i_ch.,i to. .to th l e 10.
Ref or ence nuganaFrT3ofaRotelos FAEANAHES ofidn 0N ¢HeadPeEoPECkbHRL ed so

to 20 kot at f . 21 denot [ 1 ch . d
cent or shart Tt ho PUEATVSAreotd ABFefendatninePar Ta%abngt edtatShucki ng
uni t for ”DUthEQSEhEeg%§8n59 Bﬁgwtﬂﬁgnpaglﬁi§g1xmﬁ'§g %? geggral y
structured such as to determne a center poSition of "25 Re ai'sc y a

chucki ng bal hed6rsprasnt @i¢hopel %i¢aAt a¢t St ' i turn table 13.
Next, Fig. 19eisragschgna%ic vie%ﬁdggc??bfnggggF§§§§1%g %Egration of the

structure shewAventEbgallfadiad BepenbBebr26@4the3nakisFbg- tAQ. @ magnet 61
of the radial gap nmotor is magnetized so that an S pole and an N pole are

respecti vel ypdrspetbtvedviswatini Figr per kpheedk sirdesapdcanondter

peri pheral side. Wen applying the 5 driving current to the coil 46, the
pole 10 i8 nugeet ine@ign a8cordance with a screw law. In the manner

menti oned above, a repulsive force or a suction force is generated between
a magnetic pol e of theRpbpsengeandmehalndgndendtesl a phis, casiécht he
structure is 10 made such as to alternately generate and switch the
repul si ve fofEETr&AECPAE §0cRi dANiBRrEEdgéReRatedebppheciornednagnet 61 and

the coil 46 as shown in Fig. 1iib controlling a current applied to a
plurality of -eBFPet#B9afdPauER 'ﬁé PhePdbicophaEesy BoAtPAUBEEIY 15

ti | i f i fixed di ti d ti the t
Pable 13 corPRERBALLAS 28 BORY: breREORot . (RERFSRGCIBUERFRL B wil| be gi ven

of 2 axiab_03BADLE" 5 CBEE £5PONYEA0: LO.BNANNSE BELOLNAT L1 ET B 20420 15 2

perspecti ve_ Vi ew O copvént| ongil a?<| a ! . adCI’O:SS .
sectional view ah9Bg 8 LtDeiNgYch r?hg'igoa ?Tgegtg'Rg%eEQE@eSChenat'C view

describing a rotating operation o e structure shown n Frg. 20. In the
perspective mMuRMrhD 6lQdeR@taBdatR8gnet, which is arranged so as to
oppose to the pole 10. Reference numeral 13 denotes a
turn table on which the disc is mounted so as to
20 rotate. Reference numeral 21 denotes a bearing, which
holds a center shaft of the turn table 13. Reference
numeral 15 denotes a chucking unit for mounting the
disc to the turn table 13, which is generally
structured such as to determine a center position of
25 the disc by a chucking ball 16 so as to closely contact
the disc with the turn table 13.

Next, Fig. 19 is a schematic view describing

a rotating operation of the structure shown in Fig. 17.



25 cross sectional viewin Fig. 21, reference nuneral 47 denotes a coil to
which a driving current is applied. The structure is nmade such as to forma
plurality of coils 47 on a printed circuit board and ther&Recember 2004
Decenber 2004 - 4 coating by an insulative material such as a resin or the
like so as to be integrally forned on @ €oil circuit board 49. Reference
nunmeral 62 denotes a nagnet, which is arranged in parallel to the coil 5
circuit boaré@n4BigRelerenceagueeral 6f teeotasial fgapanagoetis yoke nounted
so as to be closely attached to the magnet 62. Reference nuneral 34 denotes
a turn tabl enaguptiredtde that ahefepnleocand an Nopale,armad reference
nuneral 10 22 denotes a bearing holding a center shaft of the turn table
34. ReferenckSfbfethyely dbmbrriubedhickinglnmet pehirherel eshil@es a center
position of the disc in the chucking ball 16 and closely attaches the disc
to the turn ?%‘EI%DB‘?L‘?W_‘S RRXIPNArese+ Pt i oRheR | 2PREY HR¥ebh®f a rotating
operation_.of . the, axi al ]ga notor. on the basis of Fig. 22, As nentioned
above, the rAGhBiNEXiE ?fgbn%?iElé‘ii SOt nder tHee PREF el @ntSthe N pole are
respectively_di i buted in_ the upper surface side and 20 the | ower surface
side. Furt herpgé%%l.z‘i% RN e ﬁ%vﬁ”h a2 nagheY i LAY onﬂ&li $ibution of

t he magnet. i.n. Fi he 62 Is magnetized so.as to be
separ at ed inﬁnggg}lmuer%ﬁ @g%fgé‘?‘é%'s ?rqu&g%sr%ﬁ%fg?%%%i%f i TN, Then,

since the megpete 62 2pensrield @%M@&? 1 hea Hé@iéa;%fe 3¢ angl 10g, yoke 51,

as shown in Fig. 21, a magnetic ux I's generated in an axral diréction (a

direction ofi@ £6d afiye Shdde©f6i he MMtOR)s EMEL herne Wen, applyipg the
driving current to 3 Decenber 2004 - 5 the coil 47, a nagnetic flux due

to the cbdl made enich Sageneral ©sh it STE Of SadeLe M A dswwtf @V 4rgv. I n the
manner nentioned above, the repul sive force or the suction force is

gener at ed betewehsithe Homegreid ctié usxudhtiiton of e cpine £alf s Mbe tiglet he
magnet 62. In this case, by controlling the electric current applied to a
plurality oftkeimagmt and ard ther eeil hef o , shdwn sipasisg bl B tloy al t ernat el y
generate and switch the repul sive force and the suction force 10 generated
bet ween t he TRIYERL BNGARl GWHeremnt |applied to a plurality of coils

46 and a timing thereof, thereby continuously
15 generating a propelling force in a fixed direction and
rotating the turn table 13 corresponding to a rotor
magnet.
Next, a description will be given of a axial
gap motor corresponding to another prior art. Fig. 20
20 1is a perspective view of a conventional axial gap
motor, Fig. 21 is a cross sectional view along a line
Y-Y in Fig. 20, and Fig. 22 is a schematic view
describing a rotating operation of the structure shown
in Fig. 20. 1In the perspective view in Fig. 20 and the
25 cross sectional view in Fig. 21, reference numeral 47
denotes a coil to which a driving current is applied.
The structure is made such as to form a plurality of

coils 47 on a printed circuit board and thereafter



shown in Fig. 22 so as to continuously produce a propelling force in
a.fixed direction, thereby rotating the turn table 34 correspondinaoto t he

rotor nagnet even in the axial gap notor in the same mannePegeMPbraE0d4 of
the radial gap notor. Further, in both of the peripheral opposing case and
t he surface opposing case, the disc isqrotated by the rotating turn table
34 so as to function as the disc apparatus. There have been probl ens
ment i oned bekowting2byt be é¢nmudationahanetand stieHchyr edresihhermanner
menti oned above. That is, the conventional radial gap notor has a notor
operating prithei pikeoboutsl tei hg theegrahypefoemsdcdbhoa Eoite and the
repul sive force between the N and S poles in the nmagnetic field system and
the 25 protrGdrAgipobeastl #he aRpbienerceéconmprsd W8 Henoveate. That is, the
suction and the repul sion are repeated during one cycle of the notor. This
repeat inherBAENGtgelBiahesSadtbpratgedchangarahdedntanthencodbique. Wth 3
Decenber 2004.- 6. respect fo the uneven torque, an uneven torque portion
with resp ctchCHlFopagrﬁo?aue is called as a cogging. On the basis of the
operating principle negtioned above ig '? ormal |y consi dered that the
radial gap 5 motor can<hHbtraUGFd PRI R gé'ngeBQE%Faﬁeéefﬁﬁ%?%@?tkfth t he

tati . F | i | ial t I th t t
o made such/Dhat "ehBEbRRaS THELR PP Gt PRETY RbRrTRaRdtenbRT TOPhRRgnet ar ¢
s mde such”That 'PRe yokd The ci{ BoaPH8Rd"Phe"F o 85 fiagn
tructure thie: FOrERer AR Tt R Ay ahaEhent bR e BRI Doar o

and the strughurgiof therssh!soilsisodisagyant gﬂsoyéfép?ﬁggpﬁﬁﬁglmh the

not or having the peripheral opposing structure in view e large

torque is0geperaérdtesNappestChiy aholdinghs SAHERPESLaESI HF hLoppagt disc,
a notor having a nore conpact size and capable of generating a strong

torque i s regabied3for Réeepeanposeunérdnvl fgdengees asen@ékifg conpact 20
characteristic. The present invention is made by solving the probl ens

menti oned abewét, avdiah dbjerhinéstdecenesenposviohi of tiset®ipeovhde a

mot or whi ch can reduce a generation of a cogging, has a thin size, and can
generate a stP®nghtekiue. babl SUMMNRY CroTelky | AVEANThEN The gissend i nvention
is made by sol ving the probl ens nentioned above, and in accordance with the
3 Decenber 2602 tgF%sE%?l?n%%ntion, there is provided a notor

15 Next, a description will be given of a
rotating operation of the axial gap motor on the basis
of Fig. 22. As mentioned above, the magnet 62 is
magnetized so that the S pole and the N pole are
respectively distributed in the upper surface side and

20 the lower surface side. Further, Fig. 23 is a view
showing a magnetization distribution of the magnet; As
shown in Fig. 23, the magnet 62 is magnetized so as to
be separated into a plurality of areas in a
circumferential direction. Then, since the magnet 62

25 1is held between the turn table 34 and the yoke 51, as
shown in Fig. 21, a magnetic flux is generated in an
axial direction (a direction of a rotary shaft of the

motor). Further, when applying the driving current to



conprising: an armature having an armature yoke formed in a cylindrical
shape and an armature coil wound around a 5 cylindrical circunferent]
surface of the armature yoke; and a cylindrical nagnetic:#pGP@m§9§Eéh$
formed in a cylindrical shape and magnetized by a plurality of magnetic
poles on the cylindrical circunferentifal-10 surface, wherein the armature
yoke forns a convex_portion protruding fromthe armature yoke toward the
cylindrical HagnePit Vel d Bygnenitnfiusudrentosthechphy porteoh b the
armature coil. 15 Further, there is provided a disc apparatus using the
not or nenti oRBUCERBEE. 1ByARERTAGNEReWBRoR $ATEWelaVruct ure menti oned
above, it is possible to Qrovide a notor having a high efficiency with
respect to an el ectri cl20 PBWBRNRBASTAPEEBRASAhakPYE, athedterdl ehdhge of an

el ectric curgent _cons tion_and capabl e of nakin size thin, and a disc
appar at us. E%eGEECQH%T?%ﬁFt?DTiﬁgfﬁw&Wbﬁ%??$ﬁ?gqa?§t%¢%%r§B%ctive_view
o 5 eI EPECEUARSR AR, e IBEP ELoRL RS BRESEILLEVention
62. In this casé, by controlling the electric current
applied to a plurality of coils 47 and the timing
thereof, it is possible to alternately generate and
switch the repulsive force and the suction force
generated between the‘magnet 62 and the coil 47 as
shown in Fig. 22 so as to continuously produce a
propelling force in a fixed direction, thereby rotating
the turn table 34 corresponding to the rotor magnet
even in the axial_gap motor in the same manner as that
of the radial gap motor. Further, in both of the
peripheral opposing case and the surface opposing case,
the disc is rotated by the rotating turn table 34 so as
to function as the disc apparatus.

There have been problems mentioned below in
the conventional motors structured in the manner
mentioned above. That is, the conventional radial gap
motor has a motor operating principle of utilizing the
magnetic suction force and the repulsive force between
the N and S poles in the magnetic field system and the
protruding pole of the armature (core) so as to rotate.
That is, the suction and the repulsion are repeated
during one cycle of the motor. This repeat inherently

generates a torque change and an uneven torque. With




connection between adjacent coils; 3 Decenber 2004 _ g _Fig. 3is a
schematic view describing a nethod of wi nding the coil '% ig: %; Eb 4 1is
a schematic view describing a connection of the coil in §? gmbgr @4 5is
a schematic view of a connection of all the coils in Fig. |I; Fig. 6 is a
perspective view of a notor having arnother coil; Fig. 7 is a schematic view

describing a 10 connection between the adjacent coils; Fig. 8 is a
schemati c vi ERSBESEr £Bi AgeauseVenctprane, i anFugevén Eogqué psraisshematic
view of a connection of all the coil in Fig. 6; 15 Fig. 10 is a schematic
vi ew descri bF¥h§PdEEaPEStofCaachAvax perarenibncelyediasFageodding. a
perspective ¥ie of a potor using a nagnetic sensor; Fig. 12 is a schematic
vi ew descri bPRgta€2B2ghet POnther eReBRE hRENPEIAGHAEE BAELomadk yoke: Fig.
13 is a scheg?%bg viﬁﬁLdescribL$g a na?aeti circuit of a nptor in
accordance WtR ah &nbddi MBAT2otYt ARNPrECERe Fheknthentagigl 2apis a
schemati cg Vi o] Lhdi ng,. 25 process; Fig. 15.is a schematic view of
a structure ﬁﬁigéigﬂﬁn%%%géggéﬁetﬁ?rgﬂ%gﬁn?ng?ﬁgﬁ?t%ﬂdt%%?EPeBeV?Bheries;

3 Decenber 2004 rofat;&L9- 16 is a view showing an estimte of a
tenperature characteristic;

Further, in the conventional axial gap motor,
since the structure is made such that the yoke, the
coil circuit board and the rotor magnet are laminated

10 in the axial direction, a limitation exists in making
the structure thin. Further, due to the arrangement of
the coil circuit board and the structure of the coil,
it is disadvantageous in comparison with the motor
having the peripheral opposing structure in view that

15 the large torque is generated.

In particular, in the equipment using a
compact disc, a motor having a more compact size and
capable of generating a strong torque is required for
the purpose of having a good use of the compact

20 characteristic. The present invention is made by
solving the problems mentioned abo&e, and an object of
the present invention is to provide a motor which can
reduce a generation of a cogging, has a thin size, and

can generate a strong torque.

25 SUMMARY OF THE INVENTION

The present invention is made by solving the

problems mentioned above, and in accordance with the



Fig. 17 is a perspective view of a conventional radial gap notor; 5 Fig. 18
is a cross sectional viewalong aline X-Xin Fig. 14; Fig. 19 is a
schematic view describing a rotating operation of the strleecembehddpdin
Fig. 14; Fig. 20 is a perspective view of a 10 conventional axial gap
motor; Fig. 21 is a cross sectional viéw-along a line Y-Y in Fig. 17; Fig.
22 is a schenatic viem/describin% a rotating operation of the structure
shown in Fi gPrE7eNts1QNANELGR . 28PpEeaii BRoBEdadaghetPEati on distribution
of a magnet shown.in Fig. 17. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS A
description GWPTPPTHEGEVen bel ow of an 20 embodi nent in accordance with the
present invention with regeregce tg t he accon?an%in drEmﬁngs. A .
description will be gi 98nbBROWFGf PEKE Br 8BeAfMRhYERt YBREbYOERBAPLRf yi ng a
spindl e notor £95;dAgLYi I.SC rresponding to one king of motors
capabl e of 2% e??éc?%%%gg %Pgb§z?§g ?ﬁeBFgg%H?SSC8% t KRUBFe8ERF Fndent i on.
In this casecyiingPesayi Lhoutysaykbng;tha gs di pEn or the
description d%es not ??L%t % %Ecen%er 58% cE"Be tHE LrH§§9r£
yoke; and
a cylindrical magnetic field system formed in
a cylindrical shape and magnetized by a plurality of
magnetic poles on the cylindrical circumferential
10 surface,
wherein the armature yoke forms a convex
portion protruding from the armature yoke toward the
cylindrical magnetic field system in a current
switching portion of the armature coil.
15 Further, there is provided a disc.apparatus
using the motor mentioned above.
By making the motor in the structure
mentioned above, it is possible to provide a motor
having a high efficiency with respect to an electric
20 power consumption, having a reduced change of an

electric current consumption and capable of making a

size thin, and a disc apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view of a motor in
25 accordance with an embodiment of the present invention;
Fig. 2 is a schematic view showing a |

connection between adjacent coils;



- 10 the present invention to the usage of the spindle notor. (EMBODI MENT
1) Fig. 1 is a perspective view of a notor in 5 accordance with an
enbodi ment of the present invention. In Fig. 1, referenced Raaember 20@knot es
a rotary shaft of the notor. Reference nuneral 2 denotes a bearing for the
rotary shaft 1. Reference nuneral 3 deBotes a back yoke, which is
concentrically arranged with 10 respect to the rotary shaft 1 and forned in
a cylindrical ring shapédrespést Bverhepaticdadew desgrdébangxaportion 31 in
a direction that a nmagnet 6 exists (in an outer peripheral portion of the
back yoke 3 MRthRE ple¥énfimgbsBeneAt) AndFWOthld recess portion 32 in 15 a
direction that the magnet 6 does not exist (in an inner peripheral portion
of the back yoke 3 cor FédpoAditfigdt 8CheBatr csyieycadescrihRéngoavex portion
31, in the present enbodineBt), bX Using a magnetic material. Reference
numeral 4 defiSPBECE1LEI PIwblRd<96 aFBuﬁggthé;back yoke 3. Reference nuneral
5 denotes.a yoke, and rteference nuneral g.denotes magnet. The magnet 6 i s
cl osely aftached to anf-SucRedSi A th <08 éCSYlFHePgb§ gBPB?ﬁﬁlPﬂeo gnet 6,
and a flat s a i adial..25 direction has a function of a turn table
13. In this %%ge?ggigggl% ghug §hggﬁnit 15 and a chucking ball 16 which are
provided on the turn t e t3;ar : anse descr | in the prior
art, the sane names anggb'3éE%%eﬁbgggEéggg}g%lbggﬁeoga%e&?gggrence nuner al s
are attachednhkhehgt anabdeancgyer | appi ng description will be omtted. The
magnet 6 is structured in a cylindrical shape, and a plurality of Nand S
poles are alternately BigagnetkzgdstReRathECynkar aaktakpbgdhgestion of the
cylindrical peripheral surface. The nagnet 6 and the back yoke 3 around
whi ch t héOcotbndecsimnuhdtaeenconeeatijacahtycaitanged with respect to the
rotary shaft 1 with keeping a predeterm ned interval 10 therebetween.
Ref erence nuneral 8 deFfoges8aispéoschesetitovikivcHesheibéagi agcd@iand the
back yoke 3 are fixed. Next, a description will be given in detail of an
armature (a SYREBRY pBrEieGn €érresponding to a 15 feature of the present
invention. Fig. 2 is a_plan viewof a main portion in Fig. 1. In Fig. 2,
the armature portion i 818ongtifuedichomahichiirvyokea3canaeehiorobf 4. At
first, the bgfg gﬁge 3.gs.fo€ned gy a magnetic material constituted by a
f erromagnet i € 20 &t &Pt al *Ravifg 8’ hi gh magnetic perneability. In
particul ag, on a perip al ;surface thereof, it is formed.in a cylindrical
ring shagg in which thgf bn%gxl%o?tfﬁﬂegigfg YoPHede PR tAE G recti on t hat
t he magnet 6 i n,t e i pheral..portion of the back 25 yoke 3
in the prese%?ﬁgﬁ%%déﬁeﬁt€§ng% %%geéggegé %5 fi%h 32 is formed in the
direction that the nmagpeg. 61 ¢doge j he. i e I pheral portion
of the back yoke 3 in th% preseﬁtgg%%§§$%%%%?€ %Pﬁggﬁgt%cﬁgébp

using a magnetic sensor;

Fig. 12 is a schematic view describing a
20 suction force between a magnet and a back yoke;

Fig. 13 is a schematic view describing a
magnetic circuit of a motor in accordance with an
embodiment of the present invention;

Fig. 14 is a schematic view of a coil winding

25 process;
Fig. 15 is a schematic view of a structure in

which magnets are arranged in inner and outer

peripheries;



3 Decenber 2004 - 12 material which is easily worked and acquired is
general ly used, and a carbon steel, a magnetic steel and a silicon_steel
are general ly enployed for the material. The back yoke 3 3/Rgce@beplf@d in a
5 cylindrical shape. Since an alternating magnetic flux is applied to the
back yoke 3, a ferromagnetic materialr Bornmed in a thin plate shape may be
used in a lam nated state for the purpose of reducing an eddy current |oss.
Further, a sintered mategial6capabl ¥iev bbpwiyngasnl gstdmshaped amy be used
as the back %oke material w th taking an economc efficiency at a nmass
producti on i REBPEBASPEEr ahRrEACtERiSALS/ case, a ferritic sintered materi al

or the like is preferably engloyed. Next, a description will be given of a
met hod 15 of winding th&9coitl %SapobRASPREtbB¥EKVYOKe©S #n accordance with a
first feature of t?e pr sent,iaxention. Fig. 3 is a view describing a

met hod of wi nAPKG the"2di FAShB8wnIfR BPEOTA. In this case, as a matter of
conveni enge, the descr%gtioT is_given of a 20.nntfr constjtuted by eighteen
coils 4 and twel ve pol 8890f L fagRefsCBOSFnSeFpional (1€t 2&PAt Ben coils 4
are wound arpund Lhe 93c%~¥ok§43 in the sane A direction, whereby a w nding
process is made sinple. t2-is possible to wind all of the coils in the

reverse 25 direction teighe; & dirgcbipgnle | Lhly Gasgrsgipge,the coil 4is

a mninmumconstitutional "unit, 1t is ch%ed a unit col or short in

order to makeot#eihgt8pedesCHhPLEOMhEASY ruct Sr&eERHPRT 180P4y- 18, Further,
Fig. 4 is a view describing a coil connection in Fig. 1, and Fig. 5is a

vi ew showi ng a connectFog.of0aild &hgeeopéstine FrgewlorAdj acent two unit
coils 41 are connected so that an end of winding 5 in one unit coil and an
end of wifdi agnventhobhkraxibal gaplmarercgonnected. Accordingly, the wire
connection is executed so that an electric current applied to a beginning
of winding in one unitF&sil2hlisrancaosH sececonah viewmsalongnal direction
froma downward 10 direction of the unit coil 41 to an upward direction,
flows fromthe@nd bf i R@ngl7h one unit coil to the end of winding in the

adj acent unit coil 41 |n agg direction, flows fromthe end of winding in
the unit coil 41 to thE'Begffntfig? of CREMRIFHY YW desiFFHeingnd

rotating operation of the structure shown in Fig. 17;
15 and
Fig. 23 is a view of a magnetization

distribution of a magnet shown in Fig. 17.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
A description will be given below of an

20 embodiment in accordance with the present invention
with reference to the accompanying drawings. A
description will be given below of the present
invention by exemplifying a spindle motor for driving a
disc corresponding to one kind of motors capable of

25 effectively utilizing the features of the present
invention. 1In this case, it goes without saying that

the embodiment used for the description does not limit



15 fromthe upward direction to the downward direction, and flows in an L
direction fromthe beginning of winding in the unit coil 41. Accordingly,
nine coils are formed by connecting the adjacent coils 48 Depemberdfdéct ed
adj acent unit coils 41 are called a coil 20 group 42 for short in order to
make the | ater description easy. In-Fiigs- 2 and 5, these nine coil groups
42 are nounted so that connected center portions respectively ride astride
the recess poheipnesSRtahuvestioe tonvex peage oot BHe pspimdbel i n the back
yoke 3. That is, in Figs. 4 and 5, an electric current applied to the unit
coil 41 flowBOt®ran opposite direction to each other with respect to the
convex portion 31. That 3 Decenber 2004 - 14 is, an electric current
swi t chi ng pof Y BPPHENReltoil group 42 is positioned at the convex portion
31. Further, the unit coil 41 is wound around the back yoke 3 regularly so
a~ to be closely attachtd-thet2td RFEFPSCHEVE patew hef wedrP ol il s.
Accordinggy, not arran n area of the convex portion 31

th il 4 | d i
and the rece%%c?(i%(?%)r:’%?\ ‘élﬁgha‘ﬁ’a ?%o%%ﬁ?“%n‘?g WO R $RRAUF ok YRR BRI t he
lindri | i f the back ke 3 j which th t] 31 d
the recess 10 pot§ontnst Geraica etetah H Qerac et on et an IR Roi | gr oups
4 . t HI T ki R 3
oape 4o Dest U IGOOPTS REcL Al I8 MGHLAN 18 Sl LA D Lh S CO!

Accor di ngly, £ Nen&Okbt HEPUPSa A2 AT € HSr SRS LN, (AL 20 @%Acfésegit cuits

obt ai ned by connecting three coil groups 42 in series. That “three-phase
armature coibsciargoks) meicl 1s dfoh@smt At s1 0f SPdsndaWinding in the

respective series connections are connected so as to forma COMterm nal
(illustrb®edrdypect to the rotary shaft 1 and formed in a
cylindrical ring shape respectively provided with a
convex portion 31 in a direction that a magnet 6 exists
(in an outer peripheral portion of the back yoke 3 in
the present embodiment) and with a recess portion 32 in
15 a direction that the magnet 6 does not exist (in an
inner peripheral portion of the back yoke 3
corresponding to a back surface of the convex portion
31, in the present embodiment), by using a magnetic
material. Reference numeral 4 denotes a coil wound
20 around the back yoke 3.

Reference numeral 5 denotes a yoke, and
reference numeral 6 denotes a magnet. The magnet 6 is
closely attached to and sucked in the yoke 5, thereby
holding the magnet 6, and a flat surface in a radial

25 direction has a function of a turn table 13. 1In this
case, since a chucking unit 15 and a chucking ball 16

which are provided on the turn table 13 are the same as

those described in the prior art, the same names and



20 reference synbol Cin the drawing), thereby connecting to a common power
source (for exanple, 0 V) of all the circuit. The termnals of the

begi nni ngs of winding in the respective series connecti ofsDas¥ME8HARY4 ed
respective phase (illustrated by reference synbols U, V 25 and Win the
drawi ng) power source in the three phddes. In this case, the circuit
structure shown in Fig. 5 is exenplified for the purpose of describing a
base structufe aame dbeEeRORCE| Rimeradsprtecattaavent thereto add Dewenber
2004 - 15 the contents nentioned above, so that for exanple, the nunber of
t he coil gro%b%rk%PEb%%e%?%ﬁr}Bté@FiEélﬁayeb@mbﬁ@e%ircuit or may be four
circuits or nore. Further, the nupnber of the parallel circuits is not
linited to 5 three phases,"¥diehad be SFXUpHARRR. 173y cwlirdnierl spective
vi ew of a nofor_having anof her, coi l d Fig. 7 js a view describjng a
connect i on b%?a Bh & d%é%iuﬁ%}}gyiﬂfgggén%.sFQﬁi%%r?r? R AEhYs

descri be i L ndi ng. hod i ntending. 1 0 ke the_wi.nding step of the
coil 4 m%pﬁgééﬂll%\t |%€.lgge%n%l%%uné§%ﬁle?gﬁ% kébr%% JCﬁIth%IV\#C}b%ter portion of
the coil is pyoyj ' : ' 3 o oke 3, and the
coil center %%?ﬁ%ﬁg?%sfeé%ﬁlg@ggﬁ%hgl?#éécg%iI kg%kraggn%éx%{,é’%%t%h%nd

portions of $agklpokold drdiiisy Wach 30U 1Ne LACK,Yoke Fgo as to rotate
That 1s, t

in a Bdirection and a C direction. e coll center portion is

fixed and botdneatisrpialihe £OHANGES WOLNOrSEQRINE &9 @fe LA ELL@te in the
same direction with respect to the back yoke 3. The coil is wound in the 20

sanme directismihohevith ldewindg he soédecerBie@ointervds fol ded back

right and left unit coils 41 are wound around the back yoke 3 so as to be
reverse }ot athkerebetvwédrmn markefe nemte amade cdabVve, denidtee < Isotese prepared. In
accordance with the present coil w nding nethod, the 25 coil 4 corresponds
to the coil R 42 weigh ol keawing addard stee iachhta@kaed dme di vi di ng
the coil 4 into two fromthe center portion corresponds to the unit coil 41
mentioned a edThat is, the coil 4 3 Decenber 2004 - 16 corresponds to

the coil group 43 havi the coil center portiaon, and has the unit coil 41
reverse wound with re b1 CRAFRESD HY B s R Bw $isxr bing a

coil current 0 inh. Fig,_ 6. Wen applying an electric current to the

wound coi | g?%u%b&h%tﬂuereel BT ré‘%%a?fglq%ﬁrﬁﬁ%‘?ﬁ W fi?etion flows

in a Qdigectd r %ﬁw i directi from a downward

directi gin5 o?fétér:])%hlg%icff O%ﬁ%}%%gﬂnfﬁ\@%%h cbgl ’eﬁwplosr t9 (Pﬁla}rh an R 10

direction, flows df omidi Wﬂor@i{ﬁcﬂ&ﬂ 10 oy SFdjrest i@,ﬂ;{ cor respondi ng
ec

to the downward direction and finally flows out in a Tdir ction. Each of
nine coil grasmst e oMb ek s@odded e a9 [t e WLk PRSitd o L gles

astride the recess portion 32 and the convex

the coil 4. At first, the back yoke 3 is formed by a
magnetic material constituted by a ferromagnetic

20 material having a high magnetic permeability. In
particular, on a peripheral surface thereof, it is
formed in a cylindrical ring shape in which the convex
portion 31 is formed in the direction that the magnet 6
exists (on the outer peripheral portion of the back

25 yoke 3 in the present embodiment), and the recess
portion 32 is formed in the direction that the magnet 6

does not exist (on the inner peripheral portion of the

back yoke 3 in the present embodiment). A magnetic



15 portion 31 provided in the back yoke 3. Further, the unit coil 41 is
wound around the back yoke 3 regularly so as to be closekgpatta heg @&ereto
with no space between the coils. In accordance with anot FePeG#MBEREOPEt hod
shown in Fig. 6, in the sanme manner as that in 20 Figs. 4 and 5, the
electric current flowi ng through the 4@ I 41 flows in an opposite direction
to each other with respect to the convex portion 31. That is, the electric
current smﬁt%ﬁ?%ﬁlﬁ%rvgbﬁhoistﬁ%skbyIW@rb@@ agdj acposied ohed in the convex
portion 31. 25 Fig 9 is a view show ng a connection of all the coils in
Fig. 6. In FPgPeB2ltBnnseded®hiine CoFPORr BLpel 432 araonetiecttsely connect ed
to the beginnigg of . winding in the coil groups 43 two adjacent thereto 3
Decenber 200%3°¢ 3751¥$ﬁ%T ?E?e}rﬁ¥% IONELF LN empiered pkebritigly, nine

Chreecort glareEfalt a8 SLREURE % ey bt et piied M dture cotls are
connect  ons G b RARHeET a2 ae 1o Fort A LRI EF R AT T THTRd. by
Gource (Tor mxarr a5 (5 SHEMTON kel 80 OGSl HEORRD 10"
eapocti e phase (11 ustsatod by of o aRy B e g 2 e
drawi ng) povetasoufse tie therpdeeeo Phas@scind dMi SdERSQur td1e: Clgsdi t

structure shown in Fig. 9 is exenplified for the 15 purpose of describing a
base struct urertized, doesimotréd mdtdieapreseithlé nvebé My tend ey content s
menti oned above, so that for exanple, the nunber of the coil groups 43
connect el i shapedsnamybdeusa as riche tback npykdendteriai neitit s or nor e.
Further, the nunber of the 20 parallel circuits is not limted to three
phases, but TR§LTME a9 xeqtneelc eEkiciencestt i ptnars widduet igiveintod a
convex portion corresponding to a second feature of the present invention.
Fig. 10 is aCQ}?%WE%%% ?bi n%r?St}'tPe‘{ fazeofa tfrrebvesipretisesh in Fig. 1.
Fig 1 i ril | arged view of _th nvex rtion. Inth
9 0(a) n?ataelpflaf c}/r etrhea lgﬁge 1se proefetraeb]%? en?plop;eo%. © the
Next, a description will be given of a method
15 of winding the coil 4 around the back yoke 3 in
accordance with a first feature of the present
invention. Fig. 3»is a view describing a method of
winding the coil shown in Fig. 1. 1In this case, as a
matter of convenience, the description is given of a
20 motor constituted by eighteen coils 4 and twelve poles
of magnets 6. 1In Fig. 3, all of eighteen coils 4 are
wound around the back yoke 3 in the same A direction,
whereby a winding process is made simple. (It is
possible to wind all of the coils in the reverse
25 direction to the A direction.) 1In this case, since the
coil 4 is a minimum constitutional unit, it is called a

unit coil 41 for short in order to make the later

description easy.



drawi ng, a thickness of the back yoke 3 is set to a yoke thickness t.
Further, with respect to the convex 3 Decenber 2004 - 18 portion 31,
shoul der portions against the recess portion 32 are set @dDgﬁ%Dp€%2o%%rtion
yoke thickness a and c, and a thickness between the convex portion 31 and
the recess portion 32 is set to b. FunBher, an 5 anount of protrusion of
the convex portion 31 fromthe cylindrical peripheral surface portion of
the back yoke 3 is setFabtheronveg. pbrisoa neéghdeschigangl angehl bet ween
the cylindrical peripheral surface portion of the back yoke 3 and

t he' magnet 6CPBNSEE1PD §0 HOgAtliiard, Fitie Joke 2hvikwesBowing &et so as to
secure a sufficient magnetic_ flux density, prevent an _eddy current |oss and
reduce a resFePRAEEIPBsRL otlineheorPiks im Biderlto AAIRGEHL tHEOf or mer two
condi tions, it.ts negesifrg to increase t, and in order 15 to satisfy the
latter, it i8S hecESsaPy FRATTRNECten S Bhahi #Ry PdoRbrvbRdEngi sc
appar at usct o, whj the present invention s applied, it is possipble to
obtain a %Dt%*héggi%%l %?%fe?%%l%nl%ﬁﬁl% swtéﬁg%ﬁnh%c%n%ghgﬁtTThb t he yoke
t hi ckness t ; g 5 : : in detail described in a
magneti c cir%ﬁ%? %gﬁt?%%%%cg%#bmag?%%g%%éﬁg}ictﬁgL&}f% #%ﬁ?&ﬁF}%na beam
shape by he; §opyex, 008 14Ny THrilere: & Llpr S fiiPeqifois necessary
that a cross sectional area of 25 the nmagnetic circurt nmaintarns the sane
Cross secti 18 B8 86f Lhahd Phg the &é i idfd cadi Pedi PhesRl asug face portion
of the back yoke 3, thereby preventing a magnetic saturation from being
gener at ed. Astoedt hghyflows Decemberd 20804t iod 9 réh 4 SARSESSAry to nmaintain
arelation a, band ¢c ? t. In particular, it is inmportant to secure the
shoul derl§okeité¢tkomesst atlamdurit nc@i proress af wwwkidgdihecbbek, yoke 3. 5
Next, the convex portion height h is set by an effect obtained by narrow ng
t he magneti cfiowx from beamshapt winding ageornd amital doibabte thoggi ng. |1 n
the spindle notor of the disc apparatus to which the present invention is
applied, it $R9pdEs¥bnding bbthie adiacemt otnhaveeyl a4t ebuiz edl hi gh tor que
and | ow coggin erformance by setting the convex portion height h to a
range 0.1 s q}lge%?%}or( Llowg fiomrtheend 19f pyinding virvikesertibing a
convex portion.angle. 8 shaws a convex_portion angle, 15 that is, an angle
at whi ch onecocloﬂv'gL %%rtt}?%ﬂo%ﬁmm’b%c%i“é%“éﬂ‘%l%ntaheK Pk T§HetSP of the back
yoke 3. I V. ince the coil, 4 is woun round. t he

cylindri 1(?§al n%%ﬁllc){(}ﬁ 0 ?fgd b%%%%/%lk%n 9 it a‘#?vff?waaﬂ‘g C?Jh UM coil 41 is

arranged so %dtﬂéd}éj%ﬁséﬁiﬁﬁfl{lﬁc%%oﬁw tﬂ%tkgé)%ir%:l]ini hgg\convex portion

3l corresponds to an area In e coil does not™ exis ccordi ngly,

the area of Wwhedtenavex Ha tiont 3o PECHIES AdLd PSB! £ grend; for forning

the magnetic flux in a beam shape. Above all things,”in the spindle notor
for the discare formed by connecting the adjacent coils 41. These

connected adjacent unit coils 41 are called a coil
20 group 42 for short in order to make the later
description easy.

In Figs. 2 and 5, these nine coil groups 42
are mounted so that connected center portions
respectively ride astride the recess portions 32 and

25 the convex portions 31 provided in the back yoke 3.
That is, in Figs. 4 and 5, an electric current applied
to the unit coil 41 flows in an opposite direction to

each other with respect to the convex portion 31. That



25 apparatus in which the dianeter of the turn table is 29 nmm when
constructing the three-phase armature coil by three coil groups and
constructing the magnet 6 by twelve poles (refer to Fig. 312e¢gmbe

below), it is 3 Decenber 2004 - 20 possible to obtain a notor having a
required high torque and | ow coggi ng pgdrformance in a range 8 - 5 0.5
degrees. Further, when changing the nunber of the coil group structure to
two or four,l8nd®BetleRErifecBrhebeswbtCchhrgppdetiom ohethagneil6 to ei ght
or sixteen in_a correspondi ng manner so as to change the dianmeter of the
motor in corPESPBnfiéntd Posihicnedbet Bhetmenpereroriionsdpossible to
obtain 2 degrees and 8 degrees for the 8. That is, it is possible to obtain
an 10 optinuﬁ?fggﬁftiBﬁer Ry 9°Llellk §5 yavpredsqundeihe backrueket o
control the gotathgn gf the notor, a feanf for sensing a rotational state
(a change of >t hedWaghtyi Ef Faxt A ngt PRBLY 0B GER e SLhSESEP ofbF D nunber or
the like)eis_ reguired t he_sensing nmeaps 15 therefor, for, ex le, a
pIuraIitysofn%ag#%§§cb%€§%%?sthe7c%hgﬁ'agﬂﬁﬁ?ﬁd%T% ht%h%rc?hﬁ f?ﬁ% are
nount ed at u i f.porti ereby i n rotatjonal state of

t he not or sgngé %gkéiﬁiﬁtégaé e%gé%aéﬁ %%%t?%ﬁ?éiﬁékéﬁ*o?ggg.%%?spective

view of a moige 2Dcushngof (BONS} | CasENERL - oBef of enge, quipr al 7 denotes a

magneti c sensor corresponding to the sensing neans. e magnetic sensor 7

i s arranged i@galgapybetyeen the Wgﬂ%rﬁc&pr%@wpmi&ﬂ {10 thecpragneti ¢
field systemportion and a | ower portion of the notor base 8. The 25 change

of the magneyokefBeld wystenhe Eetest esobyishes Meanetige SEASOSs 7 by
utilizing a | eakage flux fromthe magnet 6. A driving current of the coi
group 421@42potion 32 do not exist.

In Fig. 5, connected nine coil groups 42 are
respectively connected to the beginning of winding in
the coil groups 42 two adjacent thereto (that is, third
coils) in series. Accordingly, nine coil groups 42 are

15 made up three parallel circuits obtained by connecting
three coil groups 42 in series. That is, three-phase
armature coils are formed. All of terminals of ends of
winding in the respective series connections are
connected so as to form a COM terminal (illustrated by

20 reference symbol C in the drawing), thereby connecting
to a common power source (for example, 0 V) of all the
circuit. The terminals of the beginnings of winding in
the respective series connections are connected
respective phase (illustrated by reference symbols U, V

25 and W in the drawing) power source in the three phases.
In this case, the circuit structure shown in Fig. 5 is

exemplified for the purpose of describing a base

structure, and does not limit the present invention to



43) is controlled on the basis of the detected result. 3 Decenber 2004 -
21 Since the magnetic sensor 7 is arranged in the gap between the nagnet 6
and the | ower portion of the notor base 8, it is not necésBeggmber 3Pekn the
magneti c gap or give a change to the nmagnetic gap length. 5 Accordingly, it
is possible to accurately maintain anigi - gap between the nagnetic field
system portion and the coil group 42 (42, 43) within a narrow range. Next,
a descri pti omhev¢Intmnts wveenofonded ategnet i 9o fitet Systemnumld, orhe The
magnet 6 forns a 10 ferromagnetic material in a cylindrical shape. The
cylindrical petbpherfalthardatce porupont dppoviented irhesdraioks yuke 1827 s

preci sely worked with a high accuracy of an outer dianmeter and a roundness.
Accor di ngl y,°3h e A4 Hdre e darap s phettal ciipyiee pomanm | FYwrme, in a 15
snoot h and coqr)lti nuqus peri pheral surface, The cylindrical peripheral
surface portitn Y R%e Ha BT kg et T e Dyl s Mturkinitesbitdol es in

t he order a circunferential direction, and the yoke 5 is

N, S, N_.S ...
fixed and heltf $h MEEGin ek?untpé??%ﬁé‘? ait s e of 20 the magnet 6. The yoke

5 functions as a yoke f.or increasing a . magnetic flux density between
the magnet 6 and the bétl . yé;klesf ﬁ%%%?lvae Bt i Pt 1D/ be given of

an arrangemapiy Qfq tah?ot@?é&kdé/@i'liﬁ ?é%oﬁulrbd which the maonet 23 .6 and the coil
. Fig.

group 42 (42, 43)" are woun I'S°a vi'ew descri bing a sU i%n force

bet ween t he dmanait angd Hé@dé@}?ka&’ﬂi‘?eng%fsisl%m'irprkfgg.;gfi. C%gﬁgﬁekéy the

magnet 6 is generated between the magnet and t he cerfber 2004 -
22 yoke 3. tiNwe radusimys adhSiance imesn ddigaanalod andddg,pack yoke

3, it is necessary to generate greater torque for rotating the notor in

order tol®verconskd hthesuaindindg oo et ween ddia Megnedpl& .and 4 he 5 back
yoke 3. Further, on the contrary, when increasing the distance between the
magnet 6 and'iidse Hackd/oke &3 doilortoerk tD heddliory theeritadr @oftarare bet ween
the magnet 6 and the back yoke 3, a magnetic flux com ng across the coil 4
i s reduced &Hd thfe Gpdierist erqwirdpsk iirs tdles eolree guord.onAcdoradi ngley, t he
gap (the gap length g) between the magnet 6 and the back yoke 3 is set to
an optimum &?sq]i YOS Jreland dhaufidn GaNtRMIRALAE arhe sswadaged or ce appl i ed

to a portion _hetween th gnet 6 and the back yoke 3, increase the nunber
of magnetic “T%q'\‘}%? é:c?rﬁeﬁhg%é’g? obs iR tooiRoth fidnRartdensoedi fke and

maxi m z h neration of taorque.. Again, in Fig. 10(a), reference synmbol g
denot eseia5t ggcp eleﬁqg%hlj.e \)Wé‘lr?fim%%ﬁ‘d‘q SHAER 310K=3 TrP A HRIHE T of t he
material mentd @n t ut : {18 .possihle.ta obtain a .notor
havi ng a requi re%dﬁlalgrﬁt%{g‘rogluea%g&nc? I%((gv(f/ilcroegc}lr?g:ljrl 'pe&lfh(?rtrrdﬁde tI%r? (fci%ge 1.0 s

g 1.5 (M .cddr A8 ftlﬁst 10l ldnP BV hAY & AL Qnal, qperation of

the notor in accordance w
wound around so as to rotate in the same direction with

respect to the back yoke 3. The coil is wound in the
20 same direction, however, since the coil center portion
is folded back, right and left unit coils 41 are wound
around the back yoke 3 so as to be reverse rotated. 1In
the manner mentioned above, nine coils are prepared.
In accordance with the present coil winding method, the
25 coil 4 corresponds to the coil group 42 mentioned
above, and a section obtained by dividing the coil 4
into two from the center portion corresponds to the

unit coil 41 mentioned above. That is, the coil 4




25 '"the present invention. Fig. 13 is a view describing a magnetic circuit
of the notor in accordance with the enbodi nent of the pr slsnt tiegé&Pn, in
whi ch Fig. 13(a) describes the magnetic flux of the back%y geergoer

Decenber 2004 - 23 and Fig. 13(b) describes the magnetic flux of the
magnet 6. In Figs. 13(a) and 13(b) ¢(réfee- to Figs. 5 and 9), a rotating
force is generated as a direct current notor in accordance with a Flemng's
left hand 5 FOFESSHPRAEOrP Bhetmeitodrogpodip B2ying whe avged ¢entdre
magnetic flux between the magnet 6 and the back yoke 3. Wen the electric
current is apPFFEat o?RfRel’di FNa Brltneodi f1gFevprae, wawnd|wkth omagnet i c
force is applied to the coil 4 on the basis of the Flemng's 10 left hand
rule. That i5°SRBFntet@ S¥MPoRERELin the axial direction (the sane direction

as that of the notor shaft),of the electric current flow ng through a
copper wire of the coi Flgl'c m% Acf b3y %%@Cﬁhﬁh‘é‘ﬁi% FPHk 9\‘)?’{1?1’3‘?"6spect to

the magnetic L n e radi 5 direction ssing fromthe magnet 6
t oward thg b%%i%o fé gi(pt hée' eI@J& r}oaﬁg%%gjfli%% ?%r%ge?%r et it a nornal
direction of+fhe,504 ; LS, r td Lr ' t of , Further,
when appl yi n% the&g:l%cf%% %J?l?%n‘%ﬁlﬁo%% %ﬁé;@%:%ﬂ: (g&}%&g\} r%bggnfloefdt he
magnetic flurrd® gepesates: Wb N ok e Pagkyy . e mgﬁg, {1 X
generated w tlili n the back yoke 3 is oberl E%pcggf?mé%%gt hce mag e(%rlp%lrﬁjux

gener at ed friom dheuplgr@tdfrédt forveEt O &li dSehlORd (def&st {dh afr oW i n
Fig. 13). As a result, 25 the magnetic flux comng across the coil 4 is

further intersil) efilses ashtougeneiateo bl gtepter pOFesh im fargicul ar,
since the convex portion 31 is forned in the back yoke 3 in accordance with
t he preskht digeCetembefl@094fromithe nuewd rdndisack tdve & et r$ ¢ current
sw tching portion of the coil 4 (refer to the connecting point of the unit
coil 41, thedtegleioporerorsrentiite o dihe gpornvard 48 merttionechdbove) s
arranged inb%{he convex portion 5 31, the magnetic flux is narrowed in a
beam shape Rekhy t heowo ek Hard i briBaeanen he Fagherf aring adiak there is
an effect that the J@gneti c f is intensified. Since the actual armature
a

I
portion exi st Olﬁi%‘bnts?u esl;otthtbatrratdheet"r%l]f | SRASSIRMM PR i on, t hat
is, the ma e 5 rotate due to react.ion. Accordingly, the
structure ggﬁ)dneg%a%%%Pfeezﬁll’(%iIh%q?sisel%o{%%r? %?r%‘f%tq% U i s oY
successi vl y, gengsat eaue i r i t r.i entation and the
t:Jn‘i ng I115/§01¥pthe er?e%gr%o@urreﬁﬂ gépljb%/itgag&{ y%)%%n%'oi rte%%oﬂneﬁ’hgt}i)easi s of the

posi tional nela i@ bejyesn fdimeollodhdnthd N apanste |63y Bedipidlo § e signal

of the magnetic sensor 7, whereby the notor conti es.” Next, a

description s lds beo gheyefll Sife By 20 Wi FHEANG HE ASES Sy Ofh 1S §Dide 90 Fig. 14 is
a view describing the coil w nding process. Fig. 14(a) is a view describing

the coi |l wircitweer odesscaisiang the haeke Jakes 3 stOWhdthdd Qvindidd Fi g.
14(a), the coil 4 is applied to the ring-1like back yoke 3 shown in Fig. 1
- method shown in Fig. 6, in the same manner as that in
20 Figs. 4 and 5, the electric current flowing through the
coil 41 flows in an opposite direction to each other
with respect to the convex portion 31. That is, the
electric current switching portion of the coil group 43
is positioned in the convex portion 31.
25 Fig. 9 is a view showing a connection of all
the coils in Fig. 6. 1In Fig. 9, connected nine coil

groups 43 are respectively connected to the beginning

of winding in the coil groups 43 two adjacent thereto



25 and is received after being inserted fromthe | ower portion of the back
yoke 3 (a step 1), and the coil 4 is received in the upper_portion 6 t he
back yoke 3 and wound around the back yoke 3 (a step 2), 3\/@6?%995%@ 4 3
Decenber 2004 - 25 coil winding process is executed. Next, in order to
make the wi nding process of the coil- 47asy, all the periphery of the
ring-1ike bazk éﬁke 3 is,separated into a plurality of nunbers. 5 For
exanpl e, as $hB&h #&’ FFRirdaeeilshiant perpesi phbegordinghyr anddei nto ni ne
sections (corre?pondi ng %15) a nunber of the coil groups 42) in a peripheral
direction, ahd'th8T2pP i T AONRES arBuRAT e ReP3EPhE A eBl Bkt §oke 3. A

lurality of K kes 3 around which 10 the coil 4 is wound are bonded b
ﬁeans su)éh agggg%v%%’!gi By %?mt’?l%&r?‘ﬁet}éﬁeﬁsc?bff%F?WFP?Ie‘l?i%@-??Rée%ack yoke Y
3. That is, h i i 4(b L. Is possible tp rotate coil 4
whi | e feedi ngﬁ?ﬁe%gct&g/%igp%&ss% gagm?%uﬁ? n oéf%u"fﬁﬁetﬁ%r’fﬂ%@k y%ﬂgog
O herw seg 15:4-H; Kl iLtelSa i.b viously wind. and formthe
unit coil 54153%315%?30%%5 ed%o(lgf ‘i”g‘?%’a dll?h{‘é}?esg%)%r %%l%%cie%?(%s 3. In

the menner nesihededodboyee tdnhecPOISLbl &s! 0o MRt INecaRl L h U NO Process
I C e

easy. Further, Fig. 15 is a view showng a 20 structure in

magnets are atlangegatedimyiere fofenid e yiR6s] PHelh eSne A PR Mg i fferent from
the structure shown in Figs. 1 and 6 exists in a structure 1h which the

nmagnets 6 areharehygechnecthiid b descoOfméMepbn@ersderédheryr and the outer
peri phery, and the 25 back yoke 3 and the coil 4 are arranged so as to be
hel d bet weerexaep bot h0 nfdgnef sabl the actocdiance Thé hedhwisd Ysic firenérent i oned
above, since the electromagnetic force is applied to the coil 4 from 3
Decenberl@002e9inpingst¢f ofindind nirertiperipdpeyt avel sdweiemit er periphery, it
is possible to generate a stronger torque. Further, Fig. 16 is a view

showi ng an €SPt oS LI rpErErelred chesreetivetdrase n(FHpstisated there i s
shown a notqr eI%tric current consunption at a tine of attaching a
standard di st havT MgTRCT SRS 19 cnard thelnoihr depwisndlo koM e. A not or

for a conpar] |S.the nmotor described ipn Fig, 17 in accordance with the
prior art. é&%‘gﬂé s€, ﬁh% JHsk B Sa%ara%%s“?b? WS s HE Tty is set

SUructuro i 1 ahor tanct W T R G Lol PROBT IR antiai 1y 8

structure in accordance w resent 1n ally a

fixed el POl rpgrcads e SONSUTLION, (240, MY ik A d Angfy Beldeen, OC and 70C

15 and does not show a change. the contrary, conventi onal notor

shows an incraese e resent rama0 diMo tohd Ido M s mdIft £ | ent
tenperature characteristic as nentioned above can be obtal ned because the
not or 20 havdbmyé hesstihit W idkages danee Midbe 4 her presemil
groups 43 connected in series may be one circuit or may
be four circuits or more. Further, the number of the
20 parallel circuits is not limited to three phases, but
may be six phases.
Next, a description will be given of a convex
portion corresponding to a second feature of the
present invention. Fig. 10 is a view describing
25 details of the convex portion in Fig. 1. Fig. 10(a) is
a partly enlarged view of the convex portion. 1In the

drawing, a thickness of the back yoke 3 is set to a

yoke thickness t. Further, with respect to the convex




invention has a significantly snmaller gap length than that of the
conventional notor and the gap length is substantially fixed all around the
peri phery of the rotor in the notor (is changed only in Bridecambes2Q6s
portion nentioned above), whereby a_pgrgreance form ng the nmagnetic circuit
of the notor does not generate a change due to the tenperature (in other

words, the magreios BlfcshéuDdethgofPiohsdagainat ikme! ydeeany 3 Decenber
2004 - 27 elenent affected by the tenperature). Since the excellent

t enper at ur e pdwar both €32 site a6t MEot sRBEUdaROBE kS oRr Q¥ikdedn iicknlhe gase of
using the nmotor having the structure in 5 accordance with the present

invention i nendecdiasnd appeliptksesa Séabeen! 6ng tbAvegppbatiien can be
secured even when a battery capacity of the disc apparatus (for exanple, a
| ap top typearcdnpir ergcess rpotcon aB2aisi setotoabl owruerperat une.

O herwi se, even when the disc 10 apparatus is used for a long tinme and the
"t enper at Ut e &foue dhreropousiom 6§ thereasedx postabhe3lodgom mReoperati on
can be secured: In this case, the description nmentioned above is given of

t he embodi mefitligtdnifea k vt ipher 41 e$Wrfype po&rouber ofotbhe batar yokewever,
the present invention is not limted to the revolving-field type outer
rotor motor.3 SHcREG ttQ R RANEHFER T Lo ceeightthe pAegept 1engeht i on

whet her the rotor is arranged in the inner periphery or in the outer :
periphery, BRATHSEDHARE thel Drisrsahgeemiphenali swrbacehpostiaot ofe, it is

possible to ke an inner rotor structure by maki ng good use of the
structure i ﬁr]%c%cﬁ(g‘ar%q}%{@riq]ethpﬁ’ dRRM T nYehti AT FaArGher, it is also
‘possi bl 0 arrange t netic field systemportion,in the fixed side and
arrangeejt(%e 25 ar matu?% S%Tqﬁtdn SHE (¥RKS ot FHYESP B, 1FnSeReSQaf® manner.

The motor in a e W t.he present_invention structured as nentioned
L E AN f"[’i@e%eé}tpﬂﬁﬁf’%“z% J‘:eg‘r”('% #eR31 G¥e. PFRVEPFs because

above can generate a a

[ o ofOSELILP s SBRDS SEp elvegn, e, TRGDEL S04, g, bagk voke I

view of the structure, an 'S possi ble ghetic

flux densityneFudihers. i i he AAMR JBINET o £ 19 VEGHROE 1§ Structure,

since the el ectromagnetic force
conditions, it is necessary to increase t, and in order

15 to satisfy the latter, it is necessary to reduce t. In

“ a spindle motor of a disc apparatusvto which the

. present invention is applied, it is possible to obtain
a motor having a preferable low loss performance by
setting the yoke thickness t to a range 1.2 St= 2.0

20  (mm).

As in detail described in a magnetic circuit
mentioned below, the magnetic flux is forméd in a beam
shape by the convex portion 31. Further, at the same
time, it is necessary that a cross sectional area of

25 the magnetic circuit maintains the same cross sectional
area as that of the cylindrical peripheral surface
portion of the back yoke 3, thereby preventing a

magnetic saturation from being generated. Accordingly,




for rotating the notor is generated near the outernost periphery of the
rotor (the magnetic field systemportion), it is possible to acquire a

| arge nmonment (radius), so that it is possible to i ncr ease PaeemBEHE0QD
torque. Further, since the structurQ_ifglnade inthe coil, it is possible to
formin a lot of coils. Further, sincethe cylindrical magnet is arranged
on the outeripeikpheE¥s t ; .of _t ti_.zed pal es n,be
increased, it is possib?ggyogﬁng?gegééﬂlg g%gggggoﬁétghfnﬁﬁé:ﬁ% Fs
possible to IﬂCpgﬁﬁecbmgrﬁnﬁeriEOEHHQrtéﬁEOEg'Egkﬁre'E NeQadid,s in the
sane level, it 1s possible to realize a notor having ahlower e16Ctric power
consunpti on. ybket biefckseBsseat BRANBL 0f Ba¥i-Bgebhe o$t UG H%% %%g B,53gc0r dance
with the present invention can be forned as a rigid body due toa
mechani cal fyaia¢i®n of the coil to the back yoke, the coil is hard to be
-vibrated. Further, since the magnetic flux generated in the back yoke is
directly applied to th&ezﬂiIthétcbﬁv@Qs§bgtgoﬁohg§gh@chques%er§orque
generated in the notor and at the sane tinme executé a quick accelerating
operation. ldntaefect ocbbained bhendepdbwies ROt QGALLABOVE S jWsgd in the
di sc apparatus, it is possible to reduce an 3 Decenber 2004 - 29 access

time and an kéawtshapposwd zonsugptoHnanantllbvabiepesgyhhg.t o1t kHeture the

di sc apparatus so as to have a thin thickness. In this case, the enbodi nent
used in the PHBEs imrton ¢§ the dbed dppacanssrubnghibat thee present
invention is limted to the usage of the spindle notor. For exanple, it is
possi bl e t o REGIFRF tHV RPN i hy dprl tedindit his apomsibeeotot betaghor in the
structure in accordance wWwth the present invention in a direction of 10 the
rotary shaft® BHPLF AR yreqylred dokah bterqee randi tewt heggihgr having a
high torque, _a small inertia and a | ow el ectric power consunption in spite
of a small rotorodides 2?3.' SR F N USRS | CAEER | Bre¥t bopvkeightabebpdance 15

with the pr ipventipne if Ls,possible to provide the notor having a
| ow el ectri grsap ¥ rdﬂl'clo%uﬁpﬁ oh;ga(‘ﬁﬁngh efficiency, a reduced change of the

| ectri ower i { i
electric p Further, Fig. 10(b) is a view describing a

convex portion angle. 6 shows a convex portion angle,
15 that is, an angle at which one convex portion 31
occupies in all the periphery of the back yoke 3. As
mentioned above, since the coil 4 is wound around the
cylindrical portion of the back yoke 3 regularly, and
the unit coil 41 is arranged so as to ride astride the
20 convex portion 31, the convex portion 31 correspohds to
an area in which the coil does not exist. Accordingly,
the area of the convex portion 31 becomes an important
element for forming the magnetic flux in a beam shape.
Above;all things, in the spindle motor for the discb
25 apparatus in which the diameter of the turn table is 29
mm, when constructing the three-phase armature coil by
three coil groups and constructing the magnet 6 by

twelve poles (refer to Fig. 13 mentioned below), it is




consunption with reépect to the tenperature change, and a thin structure.
3 Decenber 2004 - 30 WHAT IS CLAIMED IS 1. A nmot.or conprising: an
armature having an armature yoke formed in a cylindrical 35PegRmBe2QRd
~armature coil wound around a cylind[jgﬁ{_9ircunferent|al surface of said
armature yoke; and a cylindrical magn c field systemfornmed in a

cylindrical §Q§Q§%$thgaggﬁgkﬁeg Rgtgrphg@gh%; ig%ggﬁg%%#gﬁ ol es on the

cylindrical circunterentral surfacé, Wherei e forns a

ragnet 6 11 ol Byet €y nOA EOPPnE EOFPRRRGHort: Bn ardsn i &r Ffure co

magnetic field systemin a cu ture coil.

| @d & | | [ I S ortion_is faormed on a
back sur face of SaToESt e hobeheEe AaeH EndnGERE EoR o bR s e Bt on. 3.

A ot or COMREG 51 Ngrodh 8¢ FBLUL BcNBYT BPaB ARRREUT ¢ uOke Lorard [N

cylindrical shape” and an arnmature coil woun arbunda cylirndri _
cl roum ereniiab e acenipsatd BhITBRYI RaYALE: 6280 26K BAT G, mnet | ©

field systemformed in a cylindrical shapé and magnefrzed by a pe Pality of
in a corresponding manner so as to change the diameter
of the motor in correspondence to the number of the
poles, it is possible to obtain 2 degrees and 8 degrees
for the 6. That is, it is possible to obtain an
10 bptimum condition range 2 £ 6 =< 8 (degrees).

Next, in order to control the rotation of the
motor, a means for_sensingva‘rotational stéte (a change
of the magnetic flux during the rotation, a rotational
number or the likef is required. As the sensing means

15 therefor, for example, a plurality'éf magnetic sensors
7 such as hole elements or the like are mounted at a
plurality of portions, thereby sensing a rotational
state of the motor so as to execute a feed back
control. Fig. 11 is a perspective view of a motor

20 using a magnetic sensor. Reference numeral 7 denotes a
magnetic sensor corresponding to the sensing means.
The magnetic sensor 7 is arranged in a gap between the
magnet 6 corresponding to the magnetic field system
portion and a lower portion of the motor base 8. The

25 change of the magnetic field system is detected by the
magnetic sensor 7 by utilizing a leakage flux from the

magnet 6. A driving current of the coil group 42 (42,

43) 1is controlled on the basis of the detected result.



magnetic poles on the cylindrical circunferential surface, wherein said
armature yoke forns a convex portion protruding fromsaid armature iore
toward said 3 December 2004 - 31 cylindrical magnetic3PecemBese@tin a

current switching portion of said armature coil, and a recess portion is
fornmed on a back surface of said armafdre yoke corresponding to said convex
portion. 4. A notor as clained in claim3, wherein said armature coil is

cl osel y woundtBF®unRe tTRORSTI AdFEREPT pbr i ¥ odr BANGSH dimrtike WIaP yoke where
the convex portion and the recess portion_of said arnature yoke do not

exi st, regul artyces t erfﬁi‘%?efco%’p‘?’i’%i%‘? SPMRF RRRTF EOhaRA gk d@t ur e
yoke forned égsa ylindrical shage and an armature coil wound around a
cylindrical RFFTunf etentt dIOSUPTRRESDFY s&P d¥ 1t the TRt Lhdap
cylindrical ic_field systemfornmed in a cyljndrical shape and
nmagnet i zed b&%ﬁ%r%l‘%}%%ln%? %g%?i%a%%?%ﬁco a;%’ e i ndri cal

ci rcunferentji , efei ' r ot oke, f conyvex portion
protruding f r%én?égjl:rg&gf'na%@ur{esefgiszgjf%%/\%rggs%:’:éj%@ﬁ %%%g taanlarbna&i c field

system and &if egasSoAUd NS LQIHEL ONe fo ROk SUL 308y oAl fhy ar mat ure
ar mat ur I'S

yoke corresponding to said convex portion, sal e col

constituted tiye ofei Orewgufsar g Urezcolishy A Ay th Ol |'s around both
si des of said convex portion and connecting an end of winding in one side

to an end of wi nding iNesnotdhedesdtligpt fon AL We api wdmidedid claims,
wherein said 3 Decenber 2004

magnetic field system portion. The magnet 6 forms a

10 ferromagnetic material in a cylindrical shape. The
cylindrical peripheral surface portion opposing to the
back yoke»3 is precisely worked with a high accuracy of
an outer diameter and a roundness. Accordingly, the
cylindrical peripheral surface portion is formed in a

15 smooth and continuous peripheral surface. The
cylindrical peripheral surface portion of the magnet 6
is magnetized by a plurality of poles in the order N,
S, N, S, .. in a circumferential direction, and the yoke
5 is fixed and held on the outer peripheral surface of

20 the magnet 6. The yoke 5 functions as a yoke for
increasing a gap magnetic flux density between the
magnet 6 and the back yoke 3.

Further, a description will be given of an

arrangement of the back yoke 3 around which the magnet

25 6 and the coil group 42 (42, 43) are wound. Fig. 12 is
a view describing a suction force between the magnet

and the back yoke. The suction force caused by the

magnet 6 is generated between the magnet 6 and the back



- 32 Iar mature coil is closely wound around the cylindrical portion of a
back yoke where the convex portion and the recess portion of sajd arnpture
yoke do not exist, regularly. 7. A nmotor as clainmed in cRdPacembenhedd n a
gap between said armature yoke and s_aizt%l cylindrical magnetic field system
is arranged at a predeterm ned interval, and said gap is set to a range
between 1.0 pakle 13. 5 () re@ucLhdOi 0fi 88aclal LA.clai erein an
angl e of said convex portion is s(g':) to a ?angeggg‘f]\%\ggnkgbamﬂggg\égeérees. 9.
A motor as cred etk ivack aford, 3 Whet el & Rebei ght,, of ;sal ex portion is
set to a range between 0. 1 and 0.5 (mm . 10. ,yA rr%tgréggggg%ai med in claim
5, Wwherein safehtyt i tsitquwsl fomanetd €idd et gk gy@@g?w_i 355??%9 In an outer
peri phery of said arnature yoke, and a second cylindrical nagnetic field

systemis arqengsuhé rclen sumeiopefd Pherye Bfe SR €har fREHEE ¥0KE4 {ie A notor
conprising: an armature having an armature yoke fornmed in a cy?i ndri cal

shape and arbagkatake X.oi |Funihelr araunche cht PalFy calnehr cyREes L4 al
surface of said armature yoke; and a cylindrical nagnetic field syStem

formed in atd ididriarale shepeand nagnajrieed byna PhairshikyySke Magnetic

pol es on the cylindrical circunferential 3 Decenber 2004 - 33 surface,
wher ei n sai d-TaQ¥ES &0y glasifas hea sturhvieon piotdO bt weendi g faresai d
armature yoke toward said cylindrical nagnetic field system a recess
portion is Rl the asdckoe faca ofagmtd arfiatxireoyoke sersespondi ng to
sai d convex portiaqn, and an engagi ng portion for engaging the armature coil
is formed i rP&aic@dorveés gmqngg ek (Févst igmsigratedl whegws ni saalsar nat ur e
coi | eng_%ges a previoysly faornmed center portion with said engagi ng portion
so as t 6 w A& HFEMd TSiggd Yof & @afoniidie mAR iengtli2.g)A notor as
claimed in %I&iw@ell,t wherein said armature coil is closely wound around the
cylindrical “portion tOF RagReE ?ol@é‘ , i3 pot t$9h N he recess

portion of L re.yoke do.not exist, regularly. 13. A notor as
clained in %?E?Ir%%gfqg%% grl i (iarﬁ&ﬁ%ﬁ&”v\é’ Iy F R 2§ gk and sai d

cylindrical i el m.i s _arranged at a predeterm ned interval,
and sai d gaps)qiegagtgt %toglcg gg%gtegett\?e@npfr&qgﬁ’d%f@ the magngpitr as

clained in ghai AMilpzRers n I f i_d_convex rtionis set to a
range between 2 andbgwgegrghe(gs.g'lgagﬁ%rar%&r%aes n&ﬁ“}ﬁ%%d&pﬁﬂa@r@ﬁ%cﬂ, wher ei n

a hei ght5of £3akdcennngxapebkkORheS c88l 4O e hetween,0. 1 and 0.5 (m).
3 December 2004 §%a bSceeh 40 3 HARGE hetyean &l and

maximize the generation of torque.

Again, in Fig. 10(a), reference symbol g
denotes a gap length. When making the back yoke 3 and
the magﬁet 6 of the material mentioned at the outset,

20 it is possible to obtain a motor having a required high
torque and low cogging performance in a range i.O =g
< 1.5 (mm). |

Next, a description will be given of a
rotational operation of the motor in accordance with

25 ‘the present invention. Fig. 13 is a view describing a
magnetic circuit 6f the motor in aécordance with the
embodiment of the present invention, in which Fig.

13(a) describes the magnetic flux of the back yoke 3,



- 34 16. A notor as clained in claim1l, wherein said cylindrical nagnetic
field systemis arranged in an outer periphery of said armature yoke, and a
second cylindrical magnetic field systemis arranged in §rp$¢ﬁ\'@berp%9q4phery
of said armature yoke. 17. A disc apparatus rotating a medi um by a notor,
wherein said notor conprises: an armafdre having an armature yoke formed in
a cylindrical shape and an armature coil wound around a cylindrical
circunferent?df Si9fatd(RF deser Hhemtthe pakeet kndfuxyof riehé cal magnetic
field systemforned in a cylindrjcal shape and magnetized by a plurality of
magnetic polBRIBnCthe ciPiht#Tcals 3} cand ek2rh) al TatR% de@, Fi@% i h said

re_yoke fornms_a convex portion protruding fromsaid

notor, said ar u

armat ur e yokaen{{g%\)a‘rdasﬁ?rcﬁm‘? NPT R L a2 T2t 89 A 3y3ESRE n a current
switchin ort] f idarmature coil. . A disc apparatus rotating a
medi um bg g%%%%Pv%%g%?nl%a&?%c%?%?c%o“ﬁ%ﬁ? es” %’ﬁ%tﬁ?%ﬁ“ﬁﬂ g ag

ar mat ure yok r i : i | cal.shape and an armature coil wound
around a %yllf%%% ca %:in(f%lufr:r%der n éla(?élsllsjr?alg%u o&)salisd Aty kae; and a

cyl i ndri cal @W@Qﬁééﬁeéi@'ﬁl@y%%«%’é}g 2 uirrtgh\qr%e;fc eosibal &y 35 @

cylindrical shape and magneti ze magneti c po}fes on the

cylindrical gikewdf ergidd alnhsWiaseri @anddfs@id midriesaid @{dmt ure yoke
forms a convex portion protruding fromsaid armature yoke toward said

cylindrical emgheticr fired dcEyStEMUD €2 CWH &Slle SW dnEta: ROr£d a0 of said
armature coil, and a recess portion is formed on a back surface of said
armat ur e yokiss capweispbrch nhd accibl d convighe fdiOnf khe A Ximingppar at us
rotating a nedium by a notor, wherein said notor conprises: an armature
havi ng aff arkgsftturkeanbke Yeor nethath is cyd imol i alorgltapstanich arhear mat ure coi |
wound around a cylindrical circunferential surface of said armature yoke;
and a cylindt*t Herpfetiqn fitdial sAme o fentnieh ias el jofirtiteal shape and
magnet i zed t%%/ a IEI urga ity of magnetic poles on the cylindrical

ci rcunt er entT &S e, Undhoh LB Tt Grurzentd v £kl ot ns a
convex portion Fpr ot r.udi gc%df rom sai d lgr mat ure yoke toward said cylindrical

magnetic fieldeyst"Eme & &8s HTTIoh 3T I e FRH YK surface of
S Const 1t uted by o TrBER o R ISR Ty i S AR o ar ound
both sides ofirsad GOV NN] AR S HNEE 9 A8 e W4l ng
yoke 3, the electromagnetic force is generated in a
normal direction of the coil 4, that is, a rotational
direction thereof.
Further, when applying the electric current
20 to the coil 4, a stream of the magnetic flux is
generated within the back yoke 3. The magnetic flux
generated within the back yoke 3 is overlapped with the
magnetic flux generated from the magnet 6 in a vector
direction (refer to an arrow in Fig. 13). As a result,
25 the magnetic flux coming across the coil 4 is further
intensified so as to generate a greater torque. 1In
particular, since the convex portion 31 is formed in

the back yoke 3 in accordance with the present



3 Decenber 2004 - 36 in one side to an end of w nding in another side. 20.
A di sc apparatus rotating a nmediumby a notor, wherein said notor
conprises: an armature having an armature yoke fornmed in3aDQ5§ﬁthﬁfr2Q%I
shape and an armature coil wound around a cylindrical circunferenti al
surface of said armature yoke; and a ¢yl indrical magnetic field system
formed in a cylindrical shape and magnetized by a plurality of magnetic

pol es on thelmyennhtencaindi thend keential csurémceswanchimg sk im or, said
armature yoke fornms a convex portion protruding fromsaid arnmature yoke
toward sai d @yl ikeir¢edl 4mireie¢r 1o ethe syonrest tng quesst pof tilem is forned
on a back surface of said armature yoke corresponding to said convex
portion, andiht efRabi hlr pohe i ernter rRemabrmgardethe matddle qsitien f or ned
in said conv&; rgorti on, respectively, and wherein said armature coil
engages a previtR{PRYY ndertehtkF HorIteRH wi i hthei SPEHRFARIGE ¥t ti on so as
to wi nd 0 bat h si des of id convex portion.

A& 2. A abr A%AQ%?%QT?%?PN’.LE&REHZ? ARRT HE A ARHEIH. KFPSAN. Ayh. A@2. Af.

?S-DAB(; U AL 2. o 8 Ah 8% o A 8% A8 AQom A A% i i AR A9 A s Ay v Dv2l (8>
there is an effect that the magnetic flux is
intensified.

Since the actual armature portion exists in a
10 fixéd side, the magnetic flux system portion, that is,
the magnet 6 and the yoke 5 rotate due to a reaction.
Accordingly, the structure becomes of a revolving-field
type. A rotating force is successively generated by
sequentially controlling the orientation and the timing
15 of the electric current applied to the coil 4 on the
basis of the positional relation between the coil 4 and
the magnet 6 by using the signal of the magnetic sensor
7, whereby the motor continuously rotates.
Next, a description will be given of a
20 winding process of the coil 9. Fig. 14 is a view
describing the coil winding process. Fig. 14(a) is a
view describing the coil winding process using the back
yoke 3 shown in Fig. 1. 1In Fig. 14(a), the coil 4 is
applied to the ring-like back yoke 3 shown in Fig. 1
25 and is received after being inserted from the lower
portion of the back yoke 3 (a step 1), and the coil 4
is received in the upper portion of the back yoke 3 and

wound around the back yoke 3 (a step 2), whereby the
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15 in Fig. 14(c), it is possible to previously wind and

form the unit coil 41 and attach the coil 4 around the
separated back yokes 3. 1In the manner mentioned above,
it is possible to make the coil winding process easy.
Further, Fig. 15 is a view showing a

20 structure in which the magnets are arranged in inner
and outer peripheries. A point different from the
structure shown in Figs. 1 and 6 exists in a structure
in which the magnets 6 are arranged in both sides of
the inner periphery and the outer periphery, and the

25 back yoke 3 and the coil 4 are arranged so as to be
held between the both magnets 6. In accordance with
the structure mentioned above, since the

electromagnetic force is applied to the coil 4 from
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estimate of a temperature characteristic. In Fig. 16,
5 there is shown a motor electric current consumption at
a time of attaching a standard disc having a diameter
12 cm to the motor so as to rotate. A motor for a
comparison is the motor described in Fig. 17 in
accordance with the prior art. Of course, the drive
10 apparatus for driving the motor is set to the same
condition. As illustrated in the drawing, the motor
having the structure in accordance with the present
invention has substantially a fixed electric current
consumption (240 mA) in a range between 0°C and 70°C
15 and does not show a change. On the contrary, the
conventional motor shows an increase of 14.2 % from 360
(mA) to 411 (mA).
The excellent temperature characteristic as
mentioned above can be obtained because the motor
20 having the structure in accordance with the present
invention has a significantly smaller gap length than
that of the conventional motor and the gap length is
substantially fixed all around the periphery of the
rotor in the motor (is changed only in the convex
25 portion mentioned above), whereby a permeance forming
the magnetic circuit of the motor does not generate a

change due to the temperature (in other words, the

magnetic circuit of the motor does not include any
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apparatus, a stable long time operation can be secured
even when a battery capacity of the disc apparatus (for
example, a lap top type computer) is reduced at a time
of a low temperature. Otherwise, even when the disc

10 apparatus is used for a long time and the temperature
of the inner portion is increased, a stable long time
operation can be secured.

In this case, the description mentioned above

is given of the embodiment of the revolving-field type

15 outer rotor motor. However, the present invention is
not limited to the revolving-field type outer rotor
motor. Since it is not a main subject of the present
invention whether the rotor is arranged in the inner
periphery or in the outer periphery, but is only the

20 arrangement in view of the structure, it is possible to
make an inner rotor structure by making good use of the
structure in accordance with the present invention.
Further, it is also possible to arrange the magnetic
field system portion in the fixed side and arrange the

25 armature portion in the rotating side, in the same
manner.

The motor in accordance with the present

invention structured as mentioned above can generate a
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periphery of the rotor (the magnetic field system
portion), it is possible to acquire a large moment
(radius), so that it is possible to increase the motor

10 torque. Further, since the structure is made in the
coil, it is possible to form in a lot of coils.
Further, since the cylindrical magnet is arranged on
the outer periphery and the number of the magnetized
poles can be increased, it is possible to improve a

15 torque constant and it is possible to increase the
motor torque. Accordingly, if the load is in the same
level, it is possible to realize a motor having a lower
electric power consumption.

Further, since the motor having the structure

20 1in accordance with the present invention can be formed
as a rigid body due to a mechanical fixation of the
coil to the back yoke, the coil is hard to be vibrated.
Further, since the magnetic flux generated in the back
yoke is directly applied to the coil, it is possible to

25 1increase the torque generated in the motor and at the
same time execute a quick accelerating operation. If

the motor having the features mentioned above is used

in the disc apparatus, it is possible to reduce an



10% & () -
100/3 & 8 -10% & () - @0% & () - yCCDDD$EZEdEr S4S! @.10&: 10% &' (B) g/%igg/r%& - #t
0% & ()-LL1410% & ()-10% & ()- 10% & () - ecem
ZEEEEE*F_FaBr S4S! @y, 2@0% & ()-yLOGLO% & ()-,1.10% & ()-yy,  10% & ()-9*10%
“& ()-1(110%.L& ()-_FFFG G G<G—GIVG><nb@S! @! mMo%& ()- 100 10" 10 y910% & () -
710% & 5 10% & 9310% & (
K/GTG) ?4be<? x| ‘iﬁ%%c‘s%“('%@n%@/& %}e@{% pyweR’ ¢q@8/efgze%@1,0 Ilmm iy-12
10% r & MLO Y& Mzl AP1S! 1096& () -
9, i 105/3&- B @O%g%%%/&t?)%wwoﬁ ige lam@mu% MM NLNNBO

A<AP1S! | ?J' 101%84'%%- ol 10%{(&'() y 1006& ()-!
Lov5se ()_g%ﬂ%%&&;%ﬂ )[/M?ls#éf)ig &) |1, 281 109685658 () - 9! 1096&
1055! N, &! 109%65& () - @ 0945 () - | 100 ' ()- 91100
() - ySSSSSTUaBIVP(l)S 1055 1 yjf% %ﬁi% 1789 ‘{’dﬂé%)‘ ‘§L e

@109 ()5 108854 ipt 1QY& &) {m&E@ﬁ(%o}léQAQQQQQ%é}yh é”ﬁresent

invention is limited to the usage of the spindle motor.
For example, it is possible to extend the revolving
field and the armature of the motor in the structure in
accordance with the present invention in a direction of
10 the rotary shaft, and accordingly, it is possible to
realize the motor having a high torque, a small inertia
and a low electric power consumption in spite of a
small motor diameter.
As in detail described above, in accordance
15 with the present invention, it is possible to provide
the motor having a low electric power consumption, a
high efficiency, a reduced change of the electric power
consumption with respect to the temperature change, and

a thin structure.
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- S10%/ an armature having an armature yoke formed in
a cylindrical shape and an armature coil wound around a
cylindrical circumferential surface of said armature
yoke; and

a cylindrical magnetic field system formed in
a cylindrical shape and magnetized by a plurality of
magnetic poles on the cylindrical circumferential
surface,

wherein said armature yoke forms a convex
portion protruding from said armature yoke toward said
cylindrical magnetic field system in a current
switching portion of said armature coil.
2. A motor as claimed in claim 1, wherein a
recess portion is formed on a back surface of said
armature yoke corresponding to said convex portion.
3. A motor comprising:

an armature having an armature yoke formed in
a cylindrical shape and an armature coil wound around a
cylindrical circumferential surface of said armature
yoke; and

a cylindrical magnetic field system formed in
a cylindrical shape and magnetized by a plurality of
magnetic poles on the cylindrical circumferential
surface,

wherein said armature yoke forms a convex

portion protruding from said armature yoke toward said
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armature coil is closely wound around the cylindrical
portion of said armature yoke where the convex portion
and the recess portion of said armature yoke do not
exist, regularly.
5. A motor comprising:
an armature having an armature yoke formed in
a cylindrical shape and an armature coil wound around a
cylindrical circumferential surface of said armature
yoke; and
a cylindrical magnetic field system formed in
a cylindrical shape and magnetized by a plurality of
magnetic poles on the cylindrical circumferential
surface,
wherein said armature yoke forms a convex
portion protruding from said armature yoke toward said
cylindrical magnetic field system, and a recess portion
is formed on a back surface of said armature yoke
corresponding to said convex portion, said armature
coil is constituted by one group of armature coils by
winding two coils around both sides of said convex
portion and connecting an end of winding in one side to
an end of winding in another side.

6. A motor as claimed in claim 5, wherein said
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magnetic field system is arranged at a predetermined
interval, and said gap is set to a range between 1.0
and 1.5 (mm).
8. A motor as claimed in claim 5, wherein an
angle of said convex portion is set to a range between
2 and 8 degrees.
9. A motor as claimed in claim 5, wherein a
height of said convex portion is set to a range between
0.1 and 0.5 (mm).
10. A motor as claimed in claim 5, wherein said
cylindrical magnetic field system is arranged in an
outer periphery of said armature yoke, and a second
cylindrical magnetic field system is arranged in an
inner periphery of said armature yoke.
11. A motor comprising:

an armature having an armature yoke formed in
a cylindrical shape and an armature coil wound around a
cylindrical circumferential surface of said armature
yoke; and

a cylindrical magnetic field system formed in
a cylindrical shape and magnetized by a plurality of

magnetic poles on the cylindrical circumferential
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portion protruding from said armature yoke toward said
cylindrical magnetic field system, a recess portion is
formed on a back surface of said armature yoke
corresponding to said éonvex portion, and an engaging
portion for engaging the armature coil is formed in
said convex portion, respectively, and

wherein said armature coil engages a
previously formed center portion with said engaging
portion so as to wind around both sides of said convex
portion.
12. A motor as claimed in claim 11, wherein said
armature coil is closely wound around the cylindrical
portion of a back yoke where the convex portion and the
recess portion of said armature yoke do not exist,
regularly.
13. A motor as claimed in claim 11, wherein a gap
between said armature yoke and said cylindrical
magnetic field system is arranged at a predetermined
interval, and said gap is set to a range between 1.0
and 1.5 (mm).
14. A motor as claimed in claim 11, wherein an
angle of said convex portion is set to a range between
2 and 8 degrees.
15. A motor as claimed in claim 11, wherein a
height of said convex portion is set to a range between

0.1 and 0.5 (mm).
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inner periphery of said armature yoke.
17. A disc apparatus rotating a medium by a
motor,

wherein said motor comprises:

an armature having an armature yoke formed in
a cylindrical shape and an armature coil wound around a
cylindrical circumferential surface of said armature
yoke; and

a cylindrical magnetic field system formed in
a cylindrical shape and magnetized by a plurality of
magnetic poles on the cylindrical circumferential
surface, and

in said motor, said armature yoke forms a
convex portion protruding from said armature yoke
toward said cylindrical magnetic field system in a
current switching portion of said armature coil.
18. A disc apparatus rotating a medium by a
motor,

wherein said motor comprises:

an armature having an armature yoke formed in
a cylindrical shape and an armature coil wound around a
cylindrical circumferential surface of said armature
yoke; and

a cylindrical magnetic field system formed in
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surface, and
in said motor, said armature yoke forms a
convex portion protruding from said armature yoke
- toward said cylindrical magnetic field system in a
current switching portion of said armature coil, and a
recess portion is formed on a back surface of said
armature yoke corresponding to said convex portion.
19. A disc apparatus rotating a medium by a
motor,
wherein said motor comprises:
an armature having an armature yoke formed in
a cylindrical shape and an armature coil wound around a
cylindrical circumferential surface of said armature
yoke; and
a cylindrical magnetic field system formed in
a cylindrical shape and magnetized by a plurality of
magnetic poles on the cylindrical circumferential
surface, and
in said motor, said armature yoke forms a
convex portion protruding from said armature yoke
toward said cylindrical magnetic field system, and a
recess portion is formed on a back surface of said
armature yoke corresponding to said convex portion,
said armature coil is constituted by one group of

armature coils by winding two coils around both sides

of said convex portion and connecting an end of winding



109%& () - MAHF dELCO lyIO%&f()-910%&f()-YlO%&f()-,410%&:()-, 10%&:()-
"109%&' ()-9ndEbCO 1f Y10%&' ()-zyl0%&' ()- ylO0%& ()-f109%& g)-nbéOQQBég- 04
3109 () - 1dEbCD 1f YIO0%& ()-zyl0% ()- y10% () @, s10% ($-Deqerubef 2904 1y (
10%x& ()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c ) 'I'—Ieadl ng
43] c" "Heading 53] c" "Heading 63]c"-"Béadi ng 73]c" "Heading 83]c Headi ng
93] c"A "Default Paragraph Font' R d@@-p88?<DJPU[@hfIrLk~~~.V$@§*8FI\I2Env8
q yFz #]$j%Zﬁﬁ'ﬂ??+§{?%.?@Sﬂﬂn@ﬁ@?ﬁ&(ﬂ%ﬂ?&&g(imF@ﬂ#@h?x;ﬁﬁ394A]
| monqt v{z=| >;$A-} Z8hUl [ AGTi mes New RomanAri al Courier New'h Root
EntryVer dDociment | "#39&P¢)3RPIT3 B9 3BETBIRG a medium by a
<:>?@\BCDEFC%|H—|ét]<I)<II:_I\/I\I(PQQSTU\/\/\XYZ[ \]~_"abcdef ghi j kl mopqgr st uvwxyz{| } ~
wherein said motor comprises:
an armature having an armature yoke formed in
a cylindrical shape and an armature coil wound around a
cylindrical circumferential surface of said armature
yoke; and
a cylindrical magnetic field system formed in
a cylindrical shape and magnetized by a plurality of
magnetic poles on the cylindrical circumferential
surface, and
in said motor, said armature yoke forms a
convex portion protruding from said armature yoke
toward said cylindrical magnetic field system, a recess
portion is formed on a back surface of said armature
yoke corresponding to said convex portion, and an
engaging portion for engaging the armature coil is
formed in said convex portion, respectively, and
wherein said armature coil engages a
previously formed center portion with said engaging

portion so as to wind around both sides of said convex

portion.




