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LOW PROFI LE SPI NDLE MOTOR TECHNI CAL FI ELD The present

invention relates to a permanent nmagnet synchronous
wapimdhs2aotor. In particular, it relates to aPtD®G2008/000175

profile spindle notor for use in data storage systens.

BACKGROUND OF THE | NVENTI ON Per manent nagnet

synchronous notor may be used in a data storage system

such as a hard disk drive to support and rotate one or

more nedi a di skEOWVRROFHE SINDLE MOEORF hard di sk

drives being extended from conputer systens to

consuner products, in particular portable electronic

TECHNICAL BIELID as portabl e audi o visual players and
digital video caneras, etc, the physical dinension of

- hard disk drives in these applications are demanded to

be ﬁ@*)}es%ﬂ ﬂoﬁ? m -t atg ﬁar trﬁ{agnﬁé‘t}ﬁﬁ@ﬁron%ﬂg spindle

hence OMIpr e an Ives are

motbeyv éh ppditular, rlmeltatetdm laveqr.oﬁie spindte motortfoeuse imdataestorage
he requirements for storage capacity, data accuracy

SYSlH8S-dat a access speed keep increasing. Hard di sk

dri ves designers and manufacturers are facing

continuous chal | enges in devel oping hard disk drives
BACKGROUND QFt THEINVENTION. D1 111 cul (1 es have been

arising in finding solutions to further reduce the

physi cal dinension, in particular the thickness of

harRerthantent magtet syhchonoas mhéton iy m usadam & dptapstorage

the~Berfornance of hard disk drives, IS aggre0|at%9
systam sush @sqt hamkdirk drivg to skRPOR ART fﬁﬁﬁ% opg arinergfasdia disks.

WAt S5 Bl A i R syt
to consomer predunds fin garticllav mcbﬂahlatedﬂctmrvmdergéemmrdesl portable
audio visual players and digital video cameras, etc, the physical dimension of hard
disk drives in these applications are demanded to be small compared to those for
computer systems, and hence low profile and miniature hard disk drives are
developed to meet these requirements. In the meantime, the requirements for
storage capacity, data accuracy and data access speed keep increasing. Hard
disk drives designers and manufacturers are facing continuous challenges in

developing hard disk drives to meet these requirements.

Difficulties have been arising in finding solutions to further reduce the
physical dimension, in particular the thickness of hard disk drives, while
maintaining or even improving the performance of hard disk drives. ltis
appreciated that one of the key factors which hinders thickness reduction of hard

disk drives, lies in the stator structure of the spindle motor.

Presently, spindle motors are configured with stator windings wounded on
stator teeth, and oriented along radial directions of the spindle motor. A relatively
large space between adjacent windings must be reserved, in order for the winding

tooling to operate and winds the winding tumns on the stator teeth. The windings
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stator teeth, and oriented along radial directions of
the spindle notor. Arelatively | arge space between
wa@oadjoaaersed wi ndi ngs nmust be reserved, in order PCI/SGH®8/000175
wi nding tooling to operate and wi nds the w nding turns
on the stator teeth. The wingliLngsmay al so have to be
designed with nore turns, or thick wire with few
turns, for neeting the requirenents fromnotor drive
may s havdibe designmedavithh mdire gurner orsthiakrwiré ndth few teyns, for
will result in r?ater iqﬁﬂsion of g%ndin ends, . di
meGHNG thewrgquingrertts FOmMAPIHRES Y SIgy FIPWRVEs Mg winding tumns,
or hRIKWirE, WRtraSult Wigreatet dieRASRN ¢F WiRangfeid®, vnidh Will &ffect the
notor for supporting and rotating nedia disk(s) of a
thidkaeds déductioni ofdhe ghindte metora structure and
configuration to enable an i nproved manufacturability,
reduced notor thickness while maintaining or even

i MWL ROnéddedistherefarece sSidiidmstddHot dlybpdirtialand rotating
Enbodi ments of the present inven rovi de st ator

tion [
megiRisk(RIPha o Al e, uhich: Bag AgtiUstUTs ANt ganfigdiation to
Il [ j ' tQhintaini
engHig o IGRGILTFRERLCTRABRIAE (EUUCR] RRMANTRNBS, GulMe Raintaining
or évesT imprevipgdhe pedoanapcedl e notor in which the stator
teeth and rotor magnet are radially and coplanarly
di sposed with respect to each other. A wi nding |ayer,
such as that formed of a conductive |ayer of a Printed
Crcuit Board (PCB) a wiring |layer of a w re-bonded
substrate or the like, is provided, with its
conductive layer formng stator windings in a plane or
a twodi mensional area, and are axially oriented, i.e.
with the wnding center axis parallel to the axis of
rotation of the spindle notor. According to another
enbodi ment, there is provided a spindle notor in which
the stator teeth are disposed in an annul ar region
surroundi ng an axis of rotation of the notor. A
plurality of wi ndings are provided, each being coupl ed
to
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one of the plurality of stator teeth. Each w ndi ng has
its winding axis oriented parallel to the axis of
wo odoatiésee A rotor of the spindle notor has a PeEDS€12008/000175
positioned radially spaced apart and bei ng copl anar
with the annul ar region. The3 ragnet has magneti c pol es
annul ariy distributed to generate nagnetic fluxes
along radial direction of the magnet. According to a
SUMMARYOEINVYEMERN a | aninated stator ring is
provided in a spindle notor. The [ am nated stator ring
includes a first layer which forns the stator yoke, a

di efmbbdinternts of theaprestins reeation prévide istater ahd yindingstructures
a conducti ve | rovided on the djelectric

and; corfiguationsafop i ar flg PgrmaneRt RgEnalie syrsiireRows spirdle motor

f 4ick idfigesayer. The lam nated stator ring further
orﬁ%&d lges aesecond | ayer which forms a plurality of

stator teeth. Each of the stator teeth is coupled to

one, of the w ndin ect ed . .
e et e fBogitiend, et RopiidHeEs Sable ator in which
the'SkatBEtedth RadFoRR hagistare radibiy Bh@%@laddﬁ&@]&ﬂ:é&bd with respect

provide axially orientated stator windings in _a two

to Qamae@ nAlwipdigo dayerasuglyasthat fermed Q&@s‘é{j\é’uﬂlw !ﬂysr pta

I
Pan)t)%& r@pcuit:ha ?Fbﬁ%hg v+| %5337% Itog% \{/jll?tlrz gc Iﬂgﬁ %%strgfé grgt;f}e like,
is providedigwitioite cehdudtivexager forminey stator windingsiid emlplbne or a two-

st af or yoke al,ong circunferent.i al ectign. Wth
dimegeIneL A A0 A1E A RIS €. I DEGUBRIG GRS P parallel

to tﬁ@'a&@& rBRItRINSOfTRY sPhdRE Adteled Wi th i nproved not or
pertormance and manufacturability and significantly

reduced thi ckness. O her aspects and advantages of the

For RSBy dihbed A SnBR BAERUdd LT hpiig matorn

whish e stRocetimardispgsel Rvamganulal reGibh durmoginding/ay agis of
exanpl e the inventive concept of the present

rotationefithe malal EA Rbrality Fwiodings arepropigAneach being coupled to

one of the plurality of stator teeth. Each winding has its winding axis oriented
parallel to the axis of rotaﬁon. A rotor of the spindle motor has a magnet
positioned radially spaced apart and being coplanar with the annular region. The
magnet has magnetic poles annularly distributed to generate magnetic fluxes

along radial direction of the magnet.

According to a further embodiment, a laminated stator ring is provided in a
spindle motor. The laminated stator ring includes a first layer which forms the
stator yoke, a dielectric substrate disposed on the first layer, and a conductive
layer provided on the dielectric substrate. A plurality of windings are formed by
the conductive layer. The laminated stator ring further includes a second layer
which forms a plurality of stator teeth. Each of the stator teeth is coupled to one of
the windings, with projected edges which increase the tooth area surrounding the

permanent magnet ring.
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These and ot her aspects and advant ages of the present
invention will be described in detail with reference

W0 eoosher3azconpanyi ng drawi ngs, in which: Fig. BCT/SGZ08/000175
per spective view of a spindle notor according to one
enbodi nent of the present ingention; Fig. 2 is a
expl oded partial perspective viewof Fig. 1; Fig. 3A
is a cross sectional front viewof Fig. 1, Fig. 3Bis
a pEntﬁodimqntsrdfaln@ pesandineintibngprodide axially @entated stator
Cl 0SS. se nal front view

winBB g vt ST reioB ArneriRic iy HFeagh T loop is formed

to ¢d§é&@ﬂiéﬂ9 ffond thetrdtér Fhaédfied, g‘fm@éd’ By‘t’h@@ta%rq\éfeﬂﬂa@hg radial
armature w nding of a spin nmot or shown in Fi

dirgmtign, gusdgdé)ypemmg:wr@ealwgwxah slweﬁtgora amaatuﬁeq gwest@tpr yoke

aloﬁg%ﬂbﬂ%@reﬂﬁél%re%@iﬁw .Wﬂh 't:ﬁg solémoﬁé gro P? e"i‘nbodlr(ﬂent the
Ive view snowwng a wn ore

presehﬂnvehtdum spindte motdars may. béﬁrdv&jmi Wikt apprdvedematoew

TiRNEe ARG G P 60 it edotblriefneds, o

6C is a perspective view show ng winding cores
connected to a stator yoke a spindle nmotor;Fig. 7 is a
perQtharaspecisand advantages bf megpresﬁntslnuemm willpecdrge

apiargts AARIAR Sougwita oo ERGE aken it baRortog ifhine
ngd areNihgS, ﬂllus?traﬁmg%y wa§ dfexafnpld thecinveativedtotcept of

spindl e notor .according to a further
the present invention.
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enbodi nent of the present invention; Fig. 10 is a

partially enlarged cross sectional view of Fig. 9;
wo2@8/14729 s a perspective view show ng one exeP@l/a63008/000175

singl e phase armature wi nding of a spindle notor shown

in Fig. 9; Fig. 12 is a perspective view showi ng a

stator yoke of a spindle notor showmn in Fig. 9; Fig.

13A is a perspective top view showi ng the outer |ayer
BRHEF DESCRIREEIN Off THESRRAWINGSt or shown in Fig. 9;

Fig. 13B is a perspective bottom view show ng the

outer layer of stator teeth of a spindle notor shown

i N Fhése Qid btier ak?)écfsﬁar&i aevaagés vetHeopreseAtinvbatdM il be
the inner | ayer of stator teeth of a spindl e notor

desaribgd in ﬁ!etallgw't@ referencertoghe acgompanying: Grawings. i whichs
showi ng the inner |layer of stator teeth of a spindle
notor shown in Fig. 9; Fig. 15 is a perspective

parFigall i 'aqmrs;beétivg viéw oifi avépingd lesgotet accéiding freesage;
mgga 'ﬁ % Partl al hoss sectional view show ng a
imeriof e RISSAN MYeBHOBf a spindl e motor according
to anot her enbodi nent of the present invention. Fig.
17 is a partial cross sectional view showi ng a tooth
pi nFigo#fis gux@adead partial perspectivendewrofddgotdi ng to yet
anot her enbodi nent of the present invention. Fig. 18
is a partial cross sectional view showi ng a stator
y OkEigpBA is androgsisettional fontviepd ofcirig. tpt or according to
stil'l anot her enbodi nent of. the present invention.
Fig. 19 is a perspective partial view of a spindle

ot K. 8869 5didHaflPearged view of Fig. 3A;

Fig. 3C is a cross sectional front view of a spindle motor according to

another embodiment of the present invention

Fig. 4 is a perspective view showing an armature winding of a spindle

motor shown in Fig. 1;

Fig. 5 is a perspective view showing a stator yoke of a spindle motor shown
in Fig. 1;

Fig. 6A is a perspective view showing a winding core of a spindle motor

shown in Fig. 1;

Fig. 6B is a perspective view of a stator tooth of a spindle motor shown in

Fig. 1, with a winding core formed or assembled thereon;

Fig. 6C is a perspective view showing winding cores connected to a stator

yoke a spindle motor;
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further enbodi ment of the present invention. DETAI LED

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS As shown in
wo2@s/147829 2, 3A and 3B, a spindle notor 100 acROT/EGTIYS/000175
to one enbodi nent of the present invention includes a
stator 110 and a rotor 210 wgth a generally
ri ng- shaped permanent magnet 220 which is di sposed
radially inside stator 110 and rotatable relative to
stator 110 about an axis of rotation 102 of spindle
not or 100. Per manent net 220 has magnetic N and_S
pol Big. 192 &ezap%w.@w%dn@w of &g 3 shawing magnetic flux

etic fluxes 232, 234 along radial directions, i.e.

perpéndi cul ar to axis of rotation 102 (Fig. 2). Stator
110 has a first set of mﬁndings 120, each being
ori d wth it 122 aral xi s of
Fot 6t B ipetene® pariadig ok arsndi3 THotor Ack8rfing t Snother
embB&ﬂrﬁ&ﬂ%f%é’bk&s@'nHrWeﬁﬁoﬁt ator teeth 140, and a stator

yoke 150 positioned bel ow stator teeth 140. The

plurality of windings 120 is positioned between the

set f tor lei

oA A ph R R0 of B3N i Beobufd 1 it
embodinfs @f thepresieat vehtionh 140 and stator yoke 150,

and passing through the center holl ow portion of a

correspondi ng wi nding 120. Each stator tooth 140 has a

fir 8PEId. net

220I5|b gg?ns ﬁgwﬁﬂ nnu%r r@g(g%ggggéﬁher e[)Ew '

portion 142 nay be prOJected along a dlrectlon

paral | 0 tation 102 d with

el G Tt & decthroiid ol sRoind fad Steriientbhdibase
armBRaReWindity of@sgﬁﬂl@ﬁﬂi@mh@MﬂﬁF@m each of the

stator teeth 140 is forned of a first |layer 144 and a

second Iayer 148. First and second | ayers 144 and 148

e B PEEIRHOY i shGAREPa Storst FOR, B sPie motor
shqwat in Big. 342 of first layer 144 may be bent or
proj ecte

pa

Fig. 13A is a perspective top view showing the outer layer of stator teeth of

a spindle motor shown in Fig. 9;

Fig. 13B is a perspective bottom view showing the outer layer of stator

teeth of a spindle motor shown in Fig. 9;

Fig. 14A is a perspective top view showing the inner layer of stator teeth of

a spindle motor shown in Fig. 9;

Fig. 14B is a perspective bottom view showing the inner layer of stator

teeth of a spindle motor shown in Fig. 9;

Fig. 15 is a perspective partial view of Fig. 9 showing magnetic flux

passage;



upwardly, and the end portion 146 of second | ayer 148

may be bent or projected downwardly. Bent or projected
wenwspenee ons 142 and 146 are di nensioned to PCT/SG2008/000175

accommodat e the hei ght of permanent nagnet 220. An

advantage of formng the staror teeth with end

portions 142 and 146 facing the permanent magnet is

that, the effective magnetic interaction area between

t he permanent magnet and the stator teeth can be

inﬁgeafgd compar,ed to tQat Iorne b .stago teethr ti f

wi tHGUTO SR PAHIRl SresHRectipns! Wisw shvingiautogtly iy gqnfiguration o
a spiRalkafbfor! aceBRJiAY t& ARYHeF iePbsdmt b the presentmtérntion.

torque generation capability, can therefore be

enhanced. In the neantine, the main area of stator

t egt. ' [ [ ! ' .
rcdidy 12 Bactal oo ecdandl W SHdthG o8] 6 cqnfiguration of
a spindiehaotoregeotdingito getandthenemtiodirmeAR6f thapréserft driverdion.
by conductive circuitries of a printed circuit board
(PCB). As shown in Fig. 3B, the printed circuit board
s . ) . . e
gy o Y DR s bl Gl FiAng el SRE i
configurationoffar spindlieemotordaccordieg tagtil anathebgnibodiment of the
fagnication technol ogy. Once the desired w ndings 120
presg '?¥ﬁQH39‘on the conductive | ayer 124, the PCB nay be
sandwi ched between stator teeth 140 and stator yoke
150 by, adhesion, soldering, pressing or the like, to
f orffigal9 i RersRectivepartialivigy of agpindle mater ageardingrio a
furthibComBEimdhi i 13 pRégat inveriBROC! ment . wi ndi ngs 120
may be forned by bonding conductive wires on a
substrate. According to another enbodi nent, as shown
in Fig. 3C, there nmay be a second set of w ndings 127
formed by a second conductive |ayer 128 of the PCB.
The second set of wi ndings 127 may be electrically
coupled to the first set of w ndings 120. Dependi ng on
the requirenents of the spindle notor, a nmulti-I|ayer
PCB nay be provided, with three or nore conductive
| ayers, so as to formnore
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sets of wi ndings. Each set of the w ndings nmay connect
Wi th another set in series, or in parallel, to form
wo besneged red nulti phase armature w ndi ngs of p¢118G2008/000175
notor. Spindle notors configured according to
enbodi nents of the present i@venti on advant ageously
formplanar and axially oriented stator w ndings.
Manuf acturing difficulties and |imtations encountered
DETAILERDESCRIGTIONVQRK (THIN RREFERBED EMBODIMEMTSys are
successfully overcone. Because the w ndings are forned
in a w nding plane which is substantially a two

di neeshowalin ®iga .1, ChBAtdHCEB LS Spivkdld hvdtav 180 agsordirg) to one
much reduced. Fabricating_ the wndings froma PCB )
em@?‘é’&i?’ﬂ_qfl‘i‘?ﬁ Blasent veptiad indudpsadistatey 11Q apdiapternd lywith a
oer PR Shapba AT Aot HEaRBEER RSG5 s

statouriri@uard] rodatable miativetocstater rdQiabosit aasaxishofwotatior-1@R of

spindje draton ofl fepTtentaanet 2o s haondli § el pples 222, 224
configafdtPlo/gendthfdlafid fedive AEGRBLE ﬂhkas pap| mgrgg‘gd@man he

~multi layer PCB fabrication technol o%y. An

diregtions iy Parpendigular tgsaxipof ragtiaay 0BdFica@)nat ed or
adhered together with the stator teeth and stator
yoke, both the strength and rigidity of the stator

as sstabdreth 0 kas adirstasst @f wiidings 29, aactobeingtoricntéd with its
. the overall performance inp spi.ndl e

I rovenent. of_ th
winging,axis A<2qalelit axisof rgtationstQy (Em SASP) Statgridg further
o R 1 B o g RS lSHedbelow
staton ¢éeatbri 4001 The plirality of windings 180 ¢® pesitiondd betwpen e set of

n sh i ndin or tructures which be

stalff B et el akB a0t pRUEA N o Wil ke i dfe gach placed
betweeA alédtrédpondiing statatdbothed 4@ and istatol Pokes eBIRIHA passing

shaped, and forned separately, as shown in Fi 6; BA.
thrapghthecentprchallowr portion of a corresponding winding 120. Each stator
tooth 140 has a first end portion 142 adjacent to permanent magnet 220, forming
an annular gap 340 therebetween. End portion 142 may be projected along a
direction parallel to the axis of rotation 102, and with a height to accommodate the

thickness of permanent magnet 220.

In the present embodiment, each of the stator teeth 140 is formed of a first
layer 144 and a second layer 148. First and second layers 144 and 148 may be
fabricated by, for example, stamping, and assembled together to form a stator
tooth 140. The end portion 142 of first layer 144 may be bent or projected
upwardly, and the end portion 146 of second layer 148 may be bent or projected
downwardly. Bent or projected end portions 142 and 146 are dimensioned to
accommodate the height of pefmanent magnet 220. An advantage of forming the
stator teeth with end portions 142 and 146 facing the permanent magnet is that,
the effective magnetic interaction area between the permanent magnet and the

stator teeth can be increased compared to that formed by stator teeth without the
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may be fabricated by forging, stanping, nmachining or

metal injection nolding, and assenbled to a
weorsespendi ng stator tooth 140. In the exanpl BCEHG2N8/000175

in Fig. 6A, upon conpletion of the fabrication, the

wi ndi ng core 160 nay be assegbled to a stator tooth

(not shown). Alternatively, each of the stator teeth

140 and a correspondi ng wi ndi ng core may be forned of
endpeitiogsd 4@aand {46.9Thé Br)lagr}etid/onedxwﬁmle:neirgy eotvernsion

canhify diheEiapli tofBa g atitn Fredbih: Gap IGEfPEpe Biericed. In

theGRBAMITHE Cthb Gnaml Arba of XEH6r febh rahamBaiim and i€ cofiBbutes to
Stator teeth 140, winding core 160 and stator yoke 1

thegedugtiomefdavesall thickness afdlge spindlen@oton al . and form a
magnetic flux passage to all ow nagnetic fI ux generated
by permanent nmagnet 210 to pass through and i nteract

V\n'dt In the @fé&enuiemtbmﬂmﬁldhgviedlr@gﬂlmgaﬁism'afganeb Myg:onductive
a acent stator, teet nd 140b are _fa
cirUitER PEamEint tad pigesgt %‘?‘i‘rér(g " APWR I Bl A the printed circuit

boé}ﬁf’rﬁa%%cé c%vé W&Uf&aitﬁ%ﬁﬂ 7 n&tdlldng G|e?é(ftﬁ&\%%1b§tr§ﬂeg1 26/ -

magnet i c [ ux generate roman N pol e of permanent
Wlmdigg@ﬂ 2020 tcusmeisofmm sireuitsufrem the poedocwenlager dad by PCB

directio and into rst ,stator t.oath ed
fabfjtafi eBhpREY,, Sk Be'dsTod WiBdiag 28 areiPifen G B8
cortisTve [y 124 Othe: ra@Bahayl bé@anuwchemﬁemegatdmt@mm 40 and
first winding core 160a. Wen reaching stator

statpg yoke 80 hyg adhesion| sldetingPraseing O(EI"?% like. épéﬁfméﬂ laminated
stafarrrﬁ‘@ (ﬁt%tur@ngs EHB%{H% Fid''d8 . i é’rﬁ‘?ltwi gbe %'rﬁt%dlh%@&b indings

oh reac ad acen core

1200 hmyrtmgﬁmahed byl hondisg bhaducguvedmdei)gn ammme nt
stator tooth 14Cb and turns radially back to an S pole
-of permanent magnet 220. Wth a stator assenbly

CONkéCBHAiRg 18 andterdMbeNRIERL 3 SRSwWRid PRS 302 therefib§ be a
second set of windings 127 formed by a second conductive layer 128 of the PCB.
The second set of windings 127 may be electrically coupled to the first set of
windings 120. Depending on the requirements of the spindle motor, a multi-layer
PCB may be provided, with three or more conductive layers, so as to form more
sets of windings. Each set of the windings may connect with another set in series,

or in parallel, to form the required multi phase armature windings of the motor.

Spindle motors configured according to embodiments of the present
invention advantageously form planar and axially oriented stator windings.
Manufacturing difficulties and limitations encountered in fabricating conventional
spindle motor windings are successfully overcome. Because the windings are
formed in a winding plane which is substantially a two dimensional area, the
thickness of the windings are much reduced. Fabricating the windings from a
PCB greatly improved the manufacturability, and increased the design freedom of

the shape and patterns of the windings.
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notor according to enbodi nents of the present
i nvention achieved a |ow profile or thinner stator

wao b@s/1esevent i onal spindle notors. Wth stat orP@I/662008/800175
axially orientated, the spacing reserved between
stator w ndings for fabricatlion tooling necessary for
conventional spindle notors is successfully
elimnated. This allows for an increased w ndi ng

denkot gxamllamthﬂjwmgmq;m ke farmesgt hyosurreunding pnadiréwo core

e t oper

rogfis s BEUEGN T18. L1 BRRefliBithe e et BUE S, 6 one
layercofrwiindingsanay &lgot Hsreformﬁmdlafrﬂmor@ssbhﬁ)lp rmenban be

i nventiaon includes a stato
conyeigrily 'mﬂl%temeesbvomesmalﬂdmre%@ﬁ faHQP%‘FQWteGPF%'HELKd

w ndi ngs and stator yoke are provided, which enable a

spindle notor with nuch reduced thi ckness than that of

t heAo addedtadvaatageps tidate asthe PCB May e Eswinated or adhered

togB{feg wileal8los Feth PG Al vRe BotbilnG stontr Ao RSy of the
statdr@assbaibhsd r%l.ﬁcﬂéagea Whichahay alsef csiitabate tharé Bvérl

di sposed inside the permanent magnet 620. A spindle

pemﬁn%lmr@vﬁr@entr@ttge spindie gatati on can thus be
formed. As shown in Figs. 9, and 10, a spindle notor
1100 according to an alternative enbodi ment of the
pr eAsshown\ir fig. @) statot yoles 150 # ﬁimredldflﬂsuagté piece of

rotor1210 ner al J ri ng-sha per.manent
maﬁaawaj'v PRI ROl wifh SR IGR ST PR BT Sl 452 formed
theddorDfoR BBupRPHARNIA (gb&blsvmdo stator 1110 about an

axi s of rota ion 11 of spindle notor 1100. The
present enbodi nent varies fromthat shown in Fig. 1 in

oyt 198 4 296 paS% R i el S Wil g agopted in the

embodinenht SHLWASIA Figli NIWIhA@IhGcor@ 60, may eyligdricil @r circular
portion of each of the stator teeth 1140 nmay be

9. 2nd faymed SPaTAISlG Ao i kg O&. WUSigcore 160
magn%g‘ggg%tgg ;byéf%ﬁ_fﬂ%@tﬁnigﬂﬂi $hachifingWH ¥l Hi@dRn Méfding, and
assembled to a corresponding stator tooth 140. In the example shown in Fig. 6A,
upon completion of the fabrication, the winding core 160 may be assembled to a
stator tooth (not shown). Alternatively, each of the stator teeth 140 and a
corresponding winding core may be formed of a single part (Fig. 6B) by, for
example, injection molding or die casting. In an alternative embodiment, winding
cores 160 may be formed integrately on, or connected to, stator yoke 150, as

shown in Fig. 6C.

Stator teeth 140, winding core 160 and stator yoke 150 are made of ferrite
magnetic material, and form a magnetic flux passage to allow magnetic flux
generated by permanent magnet 210 to pass through and interact with stator

windings.
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enbodi nent is that, the winding cores may be fornmed in

one manufacturing process step during formng the
waee@sos73parts 1144 and 1148 by, for exanple, SPEIPGIIYS/000175

In the present enbodi ment, as shown in further detail

in Figs. 11A 11B, 12A and.3%B, each of the stator

teeth 1140 is forned of an outer |ayer 1140a and i nner

| ayer 1140b. Quter and inner |ayers 1140a and 1140b

mayMagnétadflinc passhdeyalohg radiacenp statorsteatipil 4@a aadd 40b are taken

assenbl ed together to form ator, tooth 1140.
as 41 PEAMBIRIGS JRISTGHOR19 SBPWB TR BIIG s PIGSRIE ke faicated by

out@ﬁé& .%WQr"Q tzed upwardly, and that of inner layer
% ent or projected dowmnwardly. Bent or

prOJected end portions 1142a and 1142b are di nensi oned

cco the h ht f .
PG deterateeitb B § PolB A e mAdret 220"
pas@@étalcm éﬂ«ﬁﬂ@r 340 4ldnd rwelid direbRom cdrithines b firgigstator tooth
is that, the effective bggtlcmteractlon ar ea

140@etﬁlél§’ﬁdtmeff§bwmmfﬁa tae nagnetisfuxdumsdownwardly
aloﬁfik@ﬁ?ﬁeﬁt@ﬁb%ﬂm&gsﬁﬂo pﬂg ﬁﬁﬁlﬁ’l ons \hﬁ\%hgeaching

ent ‘or projec

statbt 43ke 150etheamaghetic ﬂuxrmrhalalou@ cnmmnfgyerdmhda‘esimn and further

capabi | it and not or eration,capability,
tumsHiope &l Gireciion BRWARIEHPON faHING 20 AdiAEEN indigh Gore 160D.
Th@hegnef.c AR iPthentRlifled egmhéléd At SAtbritBbth 1408, IHrkiusss

he reduction of overal ckness of the spindle

radially back taaorS aolettbfepmrmnt maemt Bgdy area. Bent or

projected end portions 1144 and 1148 form wi ndi ng

cores 1162. As shown in Fig. 13, the w ndings 1120 may

be Withrestator afs\sehmlm donfigured asperthe abbue ilstrations, a splndle
hol es 1127, pendi ng on the design requirenents,

motoR AGCarkng B:g/ewoefmwtﬁdqf HoR pfﬁéynal%nsen eGhigygdjhlox profile or
thlr@%?%ﬁdgoﬁnﬁ%ﬁ Men%%% ?rﬁﬂe H?ot&t%n‘W'iihesTétbr Wé@@h&%&faw

I cation techno
orientated, the spacing reserved between stator windings for fabrication tooling
necessary for conventional spindle motors is successfully eliminated. This allows
for an increased winding density and winding space utilization, in a spindle motor,

hence the power output of the spindle motor can be increased.

As shown in Fig. 8, a spindle motor 400 according to a further embodiment
of the present invention includes a stator 410 and a rotor 510. Similar structures
of stator teeth, axially-oriented windings and stator yoke are provided, which
enable a spindle motor with much reduced thickness than that of the conventional
spindle motors. The present embodiment varies from that shown in Fig. 1 in that,
rotor 510 has a ring-shaped permanent magnet 620, and the stator 410 has a
plurality of stator teeth 440 disposed inside the permanent magnet 620. A spindle

motor with outer rotor configuration can thus be formed.

As shown in Figs. 9, and 10, a spindle motor 1100 according to an

alternative embodiment of the present invention includes a stator 1110 and a rotor
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An added advantage is that, as the PCB may be

| am nat ed or adhered together with the stator teeth
w@pasasaseor yoke, both the strength and ri gi di pgT/66G20081€00175

stator assenbl ed can be increased, which may al so

contribute to the overall pgpf.ormance inprovenment of

the spindle notor. As shown in Fig. 14, stator yoke

1150 may be formed of a single piece of magnetically

121wtk adenherallering'shaped beﬁnenéﬁgswgnem 230 Wbligtsisatisposed
slots 1152 fornmed thereon, each for lin
radigliydnside stater 1160 andrataable sabhva o st Lbappuaaxis of

rotai'ﬁb%%ﬂffo Gdiefmb@riiibe. magnetic material, and forma
magneti1 c fl'ux passage to allow magnetic flux generated

by per manent magnet 1220 to pass through and interact

d
o TS heesans Phiboc Bt WHSTom shat s P, A Bt instead of
profHEPWdIRy colestta @flindRcaleshape0 femied ééﬁ&rﬁﬂaii Bﬂd assembled

passage route indicated by arrows in Fig

ontaweatesponding sfatnsteetld the ewteasny q%tl@n @f e@@m ﬁﬁm@rﬁtator teeth
114{6319\%?%3% doW&rHﬁﬂ%g}{gla'xm d?r%él aI’ ! r e alanndqﬂ@g&ce

acr oss anhnul ar ["on
portioh d 162 fwhish pas@éSerbugﬁ eridlﬁgs v i1 20 b Ant advantagg ef:meobresent

edge portio 16la.. Guided b first tooth b .
embag@imgnt eshtbaﬁdéﬁaw dinglGores Mavbe e t Srampngrativing
pm%é@%&P rir r\‘%rrﬁﬁﬁﬁﬁé ét%?bghst1hﬁ4férfoe‘i148’B§'hfoP'eRample

1161 servés as-a w nding core). \Wen reaching
staspinigpr yoke 1150, the magnetic flux turns al ong

circunferential direction, and further turns al ong

axi al direction upwardly upon reachi ng an adj acent

t 0ghithe ipResekt eentiodiment, dssshovrt ircfurther detdilnidiFigs.come)11B,
The magnetic flux is then EUIded by the adj acent

12A ppd J2B; gach ob ey statartgetin is fepped oh apder laygr 1140a and
mnél-g@gér § 206 DUtdIBaY hRePRyerd P1 £02 Hnd 91 %BBGRLy BRI6ficated by,

for example, stamping, and assembled together to form a stator tooth 1140. The
first end portion 1142 of outer layer 1140a may be bent or projected upwardly, and
that of inner layer 1140b may be bent or projected downwardly. Bent or projected
end portions 1142a and 1142b are dimensioned to accommodate the height of
permanent magnet 1220. An advantage of forming the stator teeth with end
portions 1142a and 1142b facing the permanent magnet is that, the effective
magnetic interaction area between the permanent magnet and the stator teeth can
be increased compared to that formed by stator teeth without the bent or projected
end portions 1142a and 1142b. The magnetic / mechanical energy conversion
capability, and motor torque generation capability, can therefore be enhanced. In
the meantime, the main area of stator teeth remains thin and this contributes to
the reduction of overall thickness of the spindle motor stator at the stator teeth
body area. Bent or projected end portions 1144 and 1148 form winding cores
1162.
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Wth a stator assenbly configured as per the above
illustrations, a spindle notor according to
wepdsdirsent s of the present invention achi evedr@r/be208/000175
profile or thinner stator than conventional spindle
notors. Wth stator windingst3axially orientated, the
spaci ng reserved between stator w ndings for
fabrication tooling necessary for conventional spindle
ot 86 showndndde st uhe irdings Hd28dnay hedoanedhy sugiouading one

or EFt Rfflg KoRphafls iRy 1 ebeiuty P B8 BT mapiggments. more

thanaores Byetdef wigdirefs mfay £ 0g oY) %ﬁnéﬁi@mktdtbmsé&ﬁblibalvhlch can
confi gured_ hi gher t han the w ndi ng a¥ tmc The two

be cpupaientiimplémentadiby fae npiltiavey apajteeinaiogy.

edge 1142a and downwar dly edge bent or projected
1142b, and these edge portions can increase the tooth
sur Aawdedaﬂvautagajs dhatg asitbe RIP atay be tarhimatdiboeadhered

togefhef e iptah oot Siactefersiaker BofHhboFrglthand oldty of the
stafireaiskinblesuse de |ﬁé}éa§@G Which th? BISPELrBReS tis BI&raN
reduced. Figs. 16 shows acﬁo e structure which may be

perdferapnse impreyemenbefdhespindleseiorn Fig. 1 or Fig. 9.
The yoke has a set of projections 1153a, each of which
may be positioned in a co esponding hole 1127, The

pr ofsshoandn Fldg 364, istgtot eke WM 50 maybe f@’miedwt@mr@kap@be of
ﬁ@@ln 1144 and 1148 forma w nding core to all
maﬂﬁs Pameablematenal tWF'B@Qﬁ"'fﬁscﬁLl&B@%'P%‘eiPS§!9t%&ﬁ52

¢ t t t yoke 1150 and
fon‘n@@ tRée®n! BScls RIH % 11;)1.@ t‘ﬁere W 1182

he stator tooth e magnetic flux is
eaS| er to pass through the stator tooth 1140 to yoke

 rocriatgBetLP1F Bha 00 YakE o0 a8 pidt Btk aometic
matetidl heid fopinea ﬁ‘tdglm@hb flEx \Hise Bgaty ab@m%ﬁg}%ﬁ@tﬂz flux Qé}férated by

enbodi nent shown in Fig. 1 or Fig, oke 1150
permanent magned 1229 to, p@Js«églarpygg and lnteract with s ator windings.

Magnetic flux passage along adjacent stator teeth 1140a and 1140b are
taken as an example for illustration, as shown following the passage route

indicated by arrows in Fig. 15.

A magnetic flux generated from an N pole of permanent magnet 1220,
depicted by line 1341 in Fig. 15, passes across annular gap 1340 along radial
direction, and into a first stator tooth 1161 via bent or projected edge portion
1161a. Guided by the first tooth body 1161b, the magnetic flux turns downwardly
along axial direction, and passes through the first tooth pin 1161c (which serves
as a winding core). When reaching stator yoke 1150, the magnetic flux turns
along circumferential direction, and further tums along axial direction upwardly
upon reaching an adjacent tooth pin 1162c (which also serves as a winding core).

The magnetic flux is then guided by the adjacent stator tooth body 1162b and
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1153a and second set of projections 1153b, formng a

set of projection-pairs. Each projection-pair nmay be
w@omstiéseed in a hole 127. The projecti on- pai rBC/868a$/000175

1153b together with inner and outer stator tooth pine

1144 and 148 forma w ndi ngcere to all ow magnetic fl ux

to pass through. These projection-pairs can further

i ncrease the contacting area between the yoke 1150 and
edgeipodioat ti62a0 and tursoradiailyrheickte ant® potegelepérondnant magnet
129" € easier to pass through the stator tooth 1140 to

oke 1150. The projections 1153a and 1153b can further

i ncrease the nechanical strength of the stator. Figs.

18 shows anot her yoke structure which nay be adopted
a fiaden W@M&ﬂﬁfgweﬂ@j per the aﬂoge '@Stfﬁﬁ@f@oﬁ spindle

m°EJ'5°‘*e pgﬁﬁ%ﬁ? 13 S RER 5 8 proseht iferfBR achiall) & o Plofie or
thlmmn;slaidr trtaraccuwemﬁeparmbin@jesndbm \bibx $tatb14¢@nd|ngecaxiqﬂy
Pr.oj ions 1153a now m W ndi n res to.allo .
oricigledt M Phaging sepived RMGrAh eI idingsyP hsicalioa tegling
nec@&sahfior GohQehtibrial $plRiIS Mdt@rts,ué §ucééwulwﬁnmbtei\i | THiB &llows
stator teeth 1140 need not be formed wi th bent or
for gndnerensed aviading stensity agdpwistingapageiutilizaliomol es 1127.
As shown in Fig. 19, a spindle notor 1400 according to
a further enbodi nent of the present invention includes
a rRtoviding tive $thtor @oth withtwodayerspheatenteh26f. pesinidrient magnet
structures of stator teeth, axjially-oriented w ndings

nng,gan Qﬁﬁ%\ﬁgytﬁ@bh'shsr HWA“&éM"d‘Wﬂl'%Y?'eﬂ-ﬁﬁlt\éfodaléﬁrﬁﬂ"emso form
theBARIrN; BohtBr plofelfilr edoc T1A2ERAS dolidrd edtle bR or
promtedaé 1 #memdwtttewmdge pmmﬁng cag inareasmthe woth sudace area
1440 di i d L t
surtopntdigtheMaangl ABECPERe s T LR 008 ARG ART ol RaiR
strictdiret i8 What) thd 88d% Burrent in the stator tooth body can be greatly reduced,

and the core loss can also be greatly reduced.

Figs. 16 shows a yoke structure which may be adopted in the embodiment
shown in Fig. 1 or Fig. 9. The yoke has a set of projections 1153a, each of which
may be positioned in a corresponding hole 1127. The projections 1153a together
with inner and outer stator tooth pin 1144 and 1148 form a winding core to allow
magnetic flux to pass through. Projections 1153a can increase the contacting
area between the yoke 1150 and the stator tooth 1140, therefore the magnetic flux
is easier to pass through the stator tooth 1140 to yoke 1150. The projections

1563a can also increase the mechanical strength of the stator.

Figs. 17 shows another yoke structure which may be adopted in the
embodiment shown in Fig. 1 or Fig. 9. The yoke 1150 has first set of projections
1153a and second set of projections 1153b, forming a set of projection-pairs.
Each projection-pair may be positioned in a hole 127. The projection-pairs 1153a,
1153b together with inner and outer stator tooth pine 1144 and 148 form a winding
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Al t hough enbodi nents of the present invention have

been illustrated in conjunction wth the acconpanyi ng
wale@si1e7329 and described in the foregoi ng det ai PETSG2008/000175

description, it should be appreciated that the

invention is not limted te #he enbodi ments di scl osed,

and i s capabl e of nunerous rearrangenents,

nodi fications, alternatives and substitutions w thout
corgdp aliowngagnetic furetospass thremgh-hEhess prajectionapaisecan further

incteHsking WnfEfing Hied beiger fla k4 #150 BTt sRibobiy fr4o.

the@&f@@ﬂ@niagném flnQigl rAbre easléﬂt@péﬁ@ﬂfﬁdh@gttﬂﬁst@l’drﬁocfh 1140 to
rotation of the notaor; a w nding |ayer having

yoke 1,150 the eiRiARs ﬂ&%.@&&s@l&m fh@Cf?ﬂ%e S ihg eghanical
Stré%ﬁtdf% sGfgh one of the plurality of w ndings having
a

nding axis parallel to the axis of rotation and
bei ng coupled to one of the plurality of stator t eet h;

; i d sad
2 o818 Mo aholif yke iR Ich Aiabe AobPRRr M the
emBBaReEntEROWNINFRGNEDE Figd gl eﬂw@p@k& aniw hds s éétbiitpesjebﬁons

enerate magnetic fluxes along radial direction
11%%@@@@ afpvdrieh mayenpesitiorsd thiugh na@raesppngtngefﬂme 1127 and

t
codfied Ra coFeBotARha SRMlo{Utif 1 4b irelchl? PrdiRionty 1157 now
formaviadingcdres &mamm@gr&atmrﬂmwasél thengyhorit aouldbe

net: and wher €] ch stator tooth includes a firs
aPATBUBIeARCICOGI0 (S Yaher ST cRB el Soma Pl Thecstatagfsth 1140

neéi{‘n@f"ﬁe W&Nltr?f)eﬁf@r 6:bie?§te<ﬁ é)i@!l: férsbé?ﬁglp%%&%ﬂeé'lﬁﬂ% Roles

first a direction, and an end portion o
1127.

As shown in Fig. 19, a spindle motor 1400 according to a further
embodiment of the present invention includes a rotor yoke 1410 and permanent
magnet 1420. Similar structures of stator teeth, axially-oriented windings and
stator yoke are provided, which enable a spindle motor with much reduced
thickness than that of the conventional spindle motors. The present embodiment
varies from that shown in Fig. 9 in that, a plurality of teeth 1440 are disposed
inside the permanent magnet 1420. A spindle motor with outer rotor configuration

can thus be formed.

Although embodiments of the present invention have been illustrated in
conjunction with the accompanying drawings and described in the foregoing
detailed description, it should be appreciated that the invention is not limited to the
embodiments disclosed, and is capable of numerous rearrangements,
modifications, alternatives and substitutions without departing from the spirit of the

invention as set forth and recited by the following claims.
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second layer is projected along a second direction
opposite to the first direction. 2. The spindl e notor

wo@ooshaisee 1, further conprising a stator yoke POURGES/000175

to the plurality of stator teeth, wherein the w nding
| ayer is sandw ched between4ghe plurality of stator
teeth and the stator yoke. g The spindl e notor of
claim?2, further conprising a plurality of cores each

cLAmIsg di sposed through a correspondi ng wi ndi ng, each

of the plurality of cores being connected to a
corresponding stator tooth and the stator yoke. 4. The

. spw%bg{d {rh%ﬁoroéorﬁ% 3 wherein the plurality of

st at lity of cores and the stator
yoke aqilunatitynaigstator d;eéth uhisprusesdg ar anmuladesgiom sairgunding an

fluxes to, pass . from netic pole of the nagnet, one
magnet | @’?‘?8&“}33 ?deﬁ%t ator tooth along a first

radi al vﬁhﬂﬁ'@ 1598 hé\hl'i@ H%u@ll%mﬁhﬂﬁﬁ cﬁﬁpé‘é(étﬁburroundlng the

di rection hrough the stator yoke along a
ci r cunf exismof edtakion, eachane ofitheuurality efdvindings having a

ot o - AR L KA BE o tBRPR AP s g AR Yo one
an adj acsfithe PREARtY dickftoptedtihe magnet. 5. The spi ndl e
nmotor of claim3, wherein the plurality of cores are

each Airetaf rtacylrw emag.fs%@ﬁamﬁge@ltra@@ﬂy ﬁB@P?Id apart-gRd being
spi ndl e rgfntﬁ: %&Iar"\‘éﬁ;‘kﬁ'\ hé ?l%d?{ﬁjlrh%lvir{gymﬁénetlc poles

cores ar e stato i-ndl

not or ofamhﬂarly dlstnunmecétmgemmammeltw fldw(esaj;mg radial
i nsi de t nnuI i 0 8. The spindl e notor of
claim 1 PBm ‘%&ﬁﬂet i s di sposed outside the

annul @her&iflicdh stator tooth has a first end facing the magnet and wherein
the first end is projected along a direétion parallel to the axis of
rotation to accommodate an axial dimension of the magnet; and
| wherein each stator tooth includes a first layer and a second layer
laminated to the first layer, an end portion of the first layer is
projected along a first axial direction, and an end portion of the
second layer is projected along a second direction opposite to the

first direction.

The spindle motor of claim 1, further comprising a stator yoke coupled to
the plurality of stator teeth, wherein the winding layer is sandwiched

between the plurality of stator teeth and the stator yoke.

The spindle motor of claim 2, further comprising a plurality of cores each
being disposed through a corresponding winding, each of the plurality of

cores being connected to a corresponding stator tooth and the stator yoke.

The spindie motor of claim 3, wherein the plurality of stator teeth, the

plurality of cores and the stator yoke form a magnetic flux passage to guide
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9. The spindle notor of claim1, wherein the w nding
| ayer is forned of a conductive |ayer of a Printed

w@eoosaitz2Board. 10. The spindl e notor of clai mPAT/SG2008/000175

wherein the winding layer is formed of a wiring |ayer

of a w re-bonded substrate. 4{¥L. The spindle notor of
claiml1, further conprising a plurality of w nding

| ayers di sposed parallel to each other, each w nding

| ayaaghetic fges ol passl fram annaghetid; pote ofi tbp esaghet, one magnetic
surroundi ng the axis of ta i Qn. é %‘?l ndl e no
corfiyiRASegs via amtartqqﬁh ong afiest radisf fir HarpUich afore
an

oty ah A RElER Hifah e Satch @%ﬁa‘%’??%‘%ﬁ@%@%"a‘

t haedifgiction) thrqugh as tadjanent eotehalang dnaappaspite aMialdliragtion,
axi,s_orliented. parall to,the axis of rotati,on
FoutBrotehvan aieRaEsiafor o8 Aenda Sadngryal piteih ad to an
anchdpsdeifl et eb’fﬂ’léﬁﬁ?néﬂnu' ar region; the magnet
havi ng magnetic pol es annularly distributed to

generate magnetic fluxes along radial direction of the

ma . r t a. i

F 2cy i spiffl blbrth S 5 Mhorcfifid il Of fbs Wt each fixed
prdp@xtcﬁﬂbsﬁmg\gastdtdraobtmn parallel to the axis of

~rotation to accommodat e an axi al di mension of the

10.

11.

12.

magnet; wherein each stator tooth includes a first

| ayfi{e §RAdR REERHE lAeS, WRSeIRiHRDILRI ST &Srb§taré FXEA to the

an end portion of the first layer 1s projected along a
fi rsdatoayoké. di rection, and an end portion of the
second | ayer is projected al ong a second direction
opposite to the first direction.

The spindle motor of claim 1, wherein the magnet is disposed inside the

annular region.

The spindle motor of claim 1, wherein the magnet is disposed outside the

annular region.

The spindle motor of claim 1, wherein the winding layer is formed of a

conductive layer of a Printed Circuit Board.

The spindle motor of claim 1, wherein the winding layer is formed of a

wiring layer of a wire-bonded substrate.

The spindle motor of claim 1, further comprising a plurality of winding layers
disposed parallel to each other, each winding layer having a plurality of

windings disposed surrounding the axis of rotation.

A spindle motor comprising:
a plurality of stator teeth disposed in an annular region surrounding an

axis of rotation of the motor;
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13. The spindle notor of claim 12, further conprising
a stator yoke coupled to the plurality of stator

wo e@Bh473dherein the first set of w ndings are PCHREHO8000175

13.

14.

15.

16.

between the plurality of stator teeth and the stator
yoke. 14. The spindle notocr 4@f. claim 13, wherein each
of the first set of w ndings has a.core di sposed
through a center area of a w nding, each core is

conneatfist 6t of windings eacHicoupkidatoasnd obthie mnchl”t;hef stator teeth
stator yoke. 15. The spindle notor of claim
wher ei n” ¥ hagng@windingaxig @t"eﬂfeq/\Pﬁ'Eﬁ"ﬁbfé’ tf‘? axus of rotation;

di stri %Ec?rcha\%@é ;gqnfét f?snﬁfeﬂnﬁd'ra&alugﬁgéce&%gag%d being

spi ndl'e not or risin

di el ect reaplandrswittathee hramilaategibn; dhe meagneatdavingsiaggetic poles
| ayer at_a first. sid the dielectric substrate, .

whor ei n SR isEitLTed ko heFeRE inath SRS eldhg tasil,

| ayer ard@iralitoRsTene Aeigeen the plurality of stator

teeth and the stator yoke.17. The spindle notor of

cl ai miereingachestalosigathdiasp firss endfacia e RAgNEtand wherein

Lﬁgnspfgftget tg?tgc?ﬁoé}gjg E%Oﬁg‘% gtzﬁ& dgét%qeﬁéfailél to the axis of

second setatizin toi awnngaomel’amamah@memmdoﬁg\eanagnet
oriented parall el tothg ﬁ“ﬁ otatlon
e

spi nd SFachrstaios ot StRKeT Fid 3 Seghnd layer
second Slﬁfnu%telﬁ"t& @h@ﬁ.%t ﬁﬁrcmeﬁatp%%moﬁﬁ{é St lyef A M

a-first type of mul ti p ase stator w nd I ng structure.
19. The ppientiedalonga ficst aglabdiredtion, wineran end ipertion et the

d d f di
o e oolteR B AR Ao SRR s o R to e
st ruct urfgst didectibhe spi ndl e notor of claim 16, further

conprising a plurality of winding layers lamnated to
each other, each one of the plurality of w nding

! aYfhe spindle motor of claim 12, further comprising a stator yoke coupled to
the plurality of stator teeth, wherein the first set of windings are disposed
between the plurality of stator teeth and the stator yoke.

The spindle motor of claim 13, wherein each of the first set of windings has
a core disposed through a center area of a winding, each core is connected

to a corresponding stator tooth and the stator yoke.

The spindie motor of claim 14, wherein each of the first set of windings is

distributed within a first winding layer.

The spindle motor of claim 15, further comprising a dielectric substrate
laminated to the first winding layer at a first side of the dielectric substrate,
wherein the dielectric substrate and the first winding layer are disposed

between the plurality of stator teeth and the stator yoke.
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formone set of w ndings each having a wi nding axis
oriented parallel to the axis of rotation. 2 1. The

wa piosdzs29ot or of cl aim 14, wherein the plural P€HSG1008/000175
stator teeth, the plurality of cores and the stator
yoke forma magnetic flux pagsage to gui de nmagnetic
fluxes to pass froma magnetic pole of the magnet, one
magneti c flux passes via a stator tooth along a first

17.r adTlaé spindécmiotor, oftdiaioud, farther eoalprisingam segdnd winding layer
direction, ,through the stator. yoke al ong .a .
0 B GHeSRo b B sethhdiide o1 e fielihitic 3BYthtE wherein the second.
al opmhdRty RYEPFIri @AXbedndseESWiRdindshssukaang adlinamataxis
stator tooth along a second radial direction, and to
an %M@@Wfﬂ@ﬁ%&wléOéfOtﬁﬂ@nrragnet. 22. The spindle

- nmotor of claim14, wherein the core is fixed to the

correspondi ng stator tooth. 23. The spindl e notor of
18.cl alte $pindmotonoftdiginpi 1y wheteain tte fist aad aeeohd setlof windings

the stator yoke. 24, The spindle nmotaor of. ¢laim12, . ..
whellEi WW@Y fpranesdo 3?@8 @sfgrat fvrei fanvlfi é’(i‘é?ﬁlﬁt%tP' winding
regitRibture: The spindle notor of claim12, wherein the
magnet 1s di sposed outside the annular region. 26. A
spindl e notor having an axis of rotation, the spindle

O L e e L

a fadesdoriricted inparamdl tb ¥6inh a seddondayp@e muMi phase stator
magnetical |y perneable material formng a stator yoke;
angwinding structure.

20. The spindle motor of claim 16, further comprising a plurality of winding
layers laminated to each other, each one of the plurality of winding layers
form one set of windings each having a winding axis oriented parallel to the

axis of rotation.

21. - The spindle motor of claim 14, wherein the plurality of stator teeth, the_a
plurality of cores and the stator yoke form a magnetic flux passage to guide
magnetic fluxes to pass from a magnetic pole of the magnet, one magnetic
flux passes via a stator tooth along a first radial direction, through a core
along an axial direction, through the stator yoke along a circumferential
direction, through an adjacent core along an opposite axial direction,
through an adjacent stator tooth along a second radial direction, and to an

adjacent magnet pole of the magnet.

22. The spindle motor of claim 14, wherein the core is fixed to the

corresponding stator tooth.

23. The spindle motor of claim 14, wherein the plurality of cores are fixed to the

stator yoke.



10

15

20

25

30

a plurality of w ndings sandw ched between the first
| ayer and the base | ayer, each of the plurality of

woweditnggd havi ng a wi nding axis parallel to theCEHIKGH08H00175

24.°

ma
25. of

26.

rotation; a rotor having a magnet positioned radially
spaced apart and axially aliggned with the stator ring
about the axis of rotation; the magnet having nagnetic
pol es annularly distributed to generate magnetic
quxes along radial direction of the nagnet; wher ei n

and i apole TR R 1 WaSri e PR e edThoide the

di rgfulsiregnal 1 el to the axis of rotation to
acconmmodat e an axi al di nension of the magnet; wherein
the spindle notor further conprises a second | ayer of

AR Al B TR U 2108 2n b0 s G0 Wside the

pl wraluldnregfonn ndi ngs, an end portion of each of the
first set of stator teeth is projected along a first
axial direction, and an end portion of each of the

seqaginaf! m%ioﬁxé\h.@g? ahea%shof oA, 8% §FindleORBtar RS SHng:

di recti on opposit o the first direction.27. The
spi ndhdaminated statetr angnindudingr t her conprising a

cor respdtEhIFSGE RErHERALKEl Br Hoa i oA g g sot o

bei ng madesgitomtegftet i cal |y perneabl e material, and
connected to a correspondi ng stator tooth and the
first | &/base ayerohmagnetigally permpnable matasighforming a stator

wherein th . ity of stator teeth, the plurality
of cores aﬁ%‘p%hlgerﬂfirst | ayer forma magnetic flux

passage & plugalityi of mirytings sahdwiched hetweers tHe first tayer and the
magnetic p8ase Payetr hgacrﬂagfnt?le plura?tynafgwlndmgs having a winding axis
parallel to the axis of rotation;

a rotor having a magnet positioned radially spaced apart and axially
aligned with the stator ring about the axis of rotation; the magnet
having magnetic poles annularly distributed to generate magnetic
fluxes along radial direction of the magnet;

wherein each stator tooth has a first end facing the magnet and wherein
the first end is projected along a direction parallel to the axis of
rotation to accommodate an axial dimension of the magnet;

wherein the spindle motor further comprises a second layer of
magnetically permeable material forming a second set of stator teeth
disposed between the first layer and plurality of windings, an end
portion of each of the first set of stator teeth is projected along a first
axial direction, and an end portion of each of the second set of stator
teeth is projected along a second direction opposite to the first

direction.
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flux passes via a stator tooth along a first radi al
direction, through a core along an axial direction,

wao boosagis2e he first |layer along a circunferentiBET/SG2008/000175

27.

28.

29.

30.

31.

32.

33.

di rection, through an adjacent core along an opposite
axial direction, through angadjacent stator tooth

al ong a second radial direction, and to an adj acent
magnet pol e of the magnet. 29. The spindl e notor of

cl ate gpindishmotirof clem@a) fatthérycarhpisinga plusligaohcores each

oG fispp s USNETesroRang Wineiig. Fash ol Jhe BIRRY of
fi xeded Bek@ﬁnﬁaéb@ magteticalfy perntdisbié Phatekis, EHH %n%cted toa

claim 26 erein the magnet is disposed insid

st atoprespegiing. stator tauth as‘qdl thelfiestlayer: of cl ai m 26
wherein the magnet is disposed outside the stator
region. 33. A spindle notor conprising: a plurality of

st qHY spif@le mBict P eRfimi 27, avhersinttharplirdiycst stator eeettli the:
an axis of rotation of the noptor; a w nding | ayer

hanlwglity ¢f cares ang the figgt layes damy |as'B69@%|t“‘sﬂH’¥ aa%ﬁgﬁ;to gulde

th t t

L Ayl PR Rl agRoR! oyt it 5o paanote
r otflaixi passes vidaistajoc oot atbrigoa Grst radiat dieegliony through af core

- a9 56 gpsnt frecfi thaiandBe feS8NFAIBRS @ G LiHgrental

an ru#e%hoﬁ EBrS\igh an AdIREGAEECMRANDAG aMREPPIsite d&ﬁil Afrection,

annul arly distributed to %enerate magneti c fl uxes
al dhepughcamadjaceatcstaton testhialengragiesond radial dlrectlon and to an

adjacent magnet pole of the magnet.

The spindle motor of claim 27, wherein the plurality of cores are each fixed

to a corresponding stator tooth.

The spindle motor of claim 27, wherein the plurality of cores are fixed to the

stator yoke.

The spindle motor of claim 26, wherein the magnet is disposed inside the

stator region.

The spindle motor of claim 26, wherein the magnet is disposed outside the

stator region.

A spindle motor comprising:
a plurality of stator teeth disposed in an annular region surrounding an
axis of rotation of the motor;
a winding layer having a plurality of windings disposed surrounding the

axis of rotation, each one of the plurality of windings having a
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wherein the winding |layer is fornmed of a conductive
layer of a Printed Crcuit Board. 34. The spindle

wOorRiosn4m9 cl ai m 33, further conprising a statoPCHeE&E08/000175

34.

coupled to the plurality of stator teeth, wherein the

wi ndi ng layer is sandw ched2petween the plurality of

stator teeth and the stator yoke. 35. The spindle

notor of claim 34, further conprising a plurality of

cor es eawindirg agsgiasalte ¢ol thehaxia @i ratation raesidueing cgupled to one
wi ndi ng, ch,of 1he plurality of cores being

connect e%‘etgs péur@!iéyr%fﬁﬁtg?&?%hst ator tooth and the

st at o ppRirchaviriy aﬁ&gﬁ&'ﬂ&ﬁt@n@ﬁtrﬁﬂiaﬂz sphdbfapart and being
wherein the plurality of stator teeth, [ .

of cor escepianamwitls the annylak eedion; tha magneithayirig magnetic poles

agnett NG iEEL A7 apheiiE ridbuRE TuAeR B e
via a stditautionasfithe ahagita first radial direction,

through a core along an axial direction, throu

h th
st at oWh@sriB the yigdinadayerafemed pha cen%etmeolﬁyg& ﬂé%ﬁ’gﬁted
an adj aceptuitBbard! ONg an opposite axial direction,
t hrough an adjacent stator tooth al ong a second radi al
direction, and to an adj acent magnet pole of the

t. 37, Th i ndl f claim 35 in_ th
o1 ara sepdls metnad dhint addhtheStormpRsifoc stali i srpbied to
st aheplifityof stdtor IESthsWhBrif tHDWdiAg |&)eriigisdRdwiched.
wherein the plurality of

yokketaeenthe plyalityof stetopteath anddhenstator ypke-ei n t he

magnet i s disposed inside the annular region. 40. The
spindl e notor of claim33, wherein the magnet is

the plurality

cores are fixed to the stator

35.di sigs eplindlé miottsr dflutaiandd| fartheegoraprising a plurality of cores each

36.

37.

38.

being disposed through a corresponding winding, each of the plurality of

cores being connected to a corresponding stator tooth and the stator yoke.

The spindle motor of claim 35, wherein the plurality of stator teeth, the
plurality of cores and the stator yoke form a magnetic flux passage to guide
magnetic fluxes to pass from a magnetic pole of the magnet, one magnetic
flux passes via a stator tooth along a first radial direction, through a core
along an axial direction, through the stator yoke along a circumferential
direction, through an adjacent core along an opposite axial direction,
through an adjacent stator tooth along a second radial direction, and to an

adjacent magnet pole of the magnet.

The spindle motor of claim 35, wherein the plurality of cores are each fixed

to a corresponding stator tooth.

The spindle motor of claim 35, wherein the plurality of cores are fixed to the

stator yoke.
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4 1. The spindle notor of claim33, further conprising

a plurality of winding |ayers disposed parallel to
weamb/1oBker, each wi nding | ayer having a pl ur ab@t/gGmos/000175

wi ndi ngs di sposed surrounding the axis of rotation.

42. A spindle notor conprisi23g- a plurality of stator

teeth di sposed in an annul ar regi on surroundi ng an

axis of rotation of the notor; a w nding |ayer having
39.a plhe spindie mbtar ofdilaigs33li whersinl theumagoetiisrdispdsedadrside the

of rotation. each one of the plurality of w ndings

hav@MY'e' (Gl -ng axis parallel to the axis of rotation

and being coupled to one of the plurality of stator

teeth; a rotor having a magnet positioned radiall

40.spathe saipdia mater of claig 33pvhergin the magnet iskhisp outside the

re 'ﬂni . fagnet havi ng magneti c poles annulariy
di stri '%{%g'({% generate magnetic fluxes al ong radi al

direction of the magnet; wherein the winding |ayer is

forped of Wi ring |layer_ o Wi re- honded substrate. .
4135 Thtsbiagfbeloridiamiogs duhal Sompranorep i Pl wiiding

& ShgbR' -y;s&?eoceﬁ@hsﬂ teachiGthBt, Waehi wiliditlg 18}éH (dving a plurali

teet% v%'erel n the w ﬁdi nghtﬁayer 'S slano_lv%i C%ed bvé?g\’/veé)nura'ty

t heofpvindingistdispsest surcoundirg theaaxds of eotatiam.or yoke. 44,

The spindle notor of claim43, further conprising a

plurality of cores each being disposed through a

42 corA ephsinitovédriiprigingeach of the plurality of cores
bei ng connected to a correspondi ng stator tooth and

the seRleRlioRistator tqplh digporaddiniii aanuar aigmpumounding an
wherein é)aggpt(ﬂé%ﬁ Brth%fmﬁLdart or teeth, the plurality

of cores an e stator yoke'forma magnetic fl ux
passagewvindinguager having a plurality of windings disposed surrounding the

axis of rotation, each one of the plurality of windings having a
winding axis parallel to the axis of rotation and being coupled to one
of the plurality of stator teeth;

a rotor having a magnet positioned radially spaced apart and being
coplanar with the annular region; the magnet having magnetic poles
annularly distributed to generate magnetic fluxes along radial
direction of the magnet;

wherein the winding layer is formed of a wiring layer of a wire-bonded

substrate.

43. The spindle motor of claim 42, further comprising a stator yoke coupled to
the plurality of stator teeth, wherein the winding layer is sandwiched

between the plurality of stator teeth and the stator yoke.

44. The spindle motor of claim 43, further comprising a plurality of cores each
being disposed through a corresponding winding, each of the plurality of

cores being connected to a corresponding stator tooth and the stator yoke.
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magnetic fluxes to pass froma magnetic pole of the

magnet, one nagnetic flux passes via a stator tooth
w@bk@ng4m29 i rst radial direction, through a corkBCHBGIES/000175

an axial direction, through the stator yoke along a

circunferential direction, -t2#&ough an adj acent core

al ong an opposite axial direction, through an adjacent

stator tooth al ong a second r adi al direction, and to

45.an b soinelle majercef glainedd; Wha@lmﬁymlural%of statorsteetitee

cachurfiby G oyt PESECR VIS (i a Madriath b SSielleto guide

spi ndigaetioflaxesfo pasy frorda mdgmﬁc Ipotdl@f theunaghéty oak magnetic
cor s are fixed to the stator 48. The spindle

X passgsyigasstatofterthialonga f&ﬁdﬁ@la' pgeg’i'@ﬂbdg@!’gh a Ccore
' nsél@ﬁg Vﬁ@lrm}éytlohe@fr& h fh% stggﬁ gBRb% rg(mﬁ rential

| ai m rein t errag osed t3|
an ndur@atlone ghrough 20. adjacend pomj abngmmoppﬂsuel aiah di@actaon,
fur nmprisin of wi nding.layer
o s{Suar BB RalEn? sB bt eiatin® sefond iARial A Skign.and to an
havadjacéntthdgaeét pole of thid mdighee di sposed surroundi ng
the axis of rotation. 5 1. A spindle notor conprising:

a plurality of stator teeth disposed in an annul ar

46 r eg-\-ﬁg séiﬁﬁf{%%r’(}g r?gés]ma& S\Nﬁérefrf&\%t élﬁﬂahﬁt of I‘ﬁng 'each fixed

irst-s each cou
pI utoad coresporsling statdretebth.and hayl ng a W nd| ng axis
oriented parallel to the axis of rotation; a rotor
havi ng a nagnet positioned radially spaced apart and

47.bei Tige spindle motor of claim 44, wherein the plurality of cores are fixed to the

stator yoke.

48. The spindie motor of claim 42, wherein the magnet is disposed inside the

annular region.

49. The spindle motor of claim 42, wherein the magnet is disposed outside the

annular region.

50. The spindle motor of claim 42, further comprising a plurality of winding
layers disposed parallel to each other, each winding layer having a plurality

of windings disposed surrounding the axis of rotation.

51. A spindle motor comprising:
a plurality of stator teeth disposed in an annular region surrounding an
axis of rotation of the motor;
a first set of windings each coupled to one of the plurality of stator teeth
and having a winding axis oriented parallel to the axis of rotation;
a rotor having a magnet positioned radially spaced apart and being

coplanar with the annular region; the magnet having magnetic poles
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coplanar with the annul ar region; the magnet having
magneti ¢ pol esannul ariy distributed to generate

worgsatizes f | uxes al ong radi al direction of theP@BSQENS/000175

52.

53.

54.

a stator yoke coupled to the plurality of stator
teeth, wherein the first sepsaf w ndings are di sposed
between the plurality of stator teeth and the stator
yoke; wherein each of the first set of w ndings has a
core di sposdariy djistrihg;lhemcngeIn@latm megneticdluxes diong, radéat h
core is onnect o a c rrespondi ng stator tooth and
the stat ;e%ggg each of the first set of

W ndi BGtatop yeke Ebhbl%qg thé Ph]rﬁht? dfi 'slé’tbr WelN | WHedeRtY fHe first set
wherein the spindle motor Turther rises a

di el ect rafwisdingsrase disposedhetween th@.@ yrplitytof wtatar tegth and
| ayer .de of the dielectric substrate,
wherein tpﬁesqécf &e‘?z ric substrate and the first w nding

| ayer wheteifliesighssf dhéd fitstsenof Windimgs has ycoré dispaised through a
teeth and the st ator P/oke 52. The spindl e notor

of
ol ai m 5 ECPIATEAP! AINGing. SAChyease i bambpcted 4 A cofesponding
pl urali té(af&?t&&ﬁea?ldgmﬂg s&ﬁ%r?&ﬁé .or yoke forma magnetic

flux passage to gul magnetic fluxes to pass froma
magnewhergioleacbfof the firsd geb of windingsaigrdisiribufedwithinss tirst
via a stat tooth along a first radial direction,

t hr ough win 8 X?ong an axial direction, through the

st at owhRk4A the SPindie ﬁidt@ftmﬁﬂéﬁabm@hsés Befibleeftic $Ubstaeh
an adj acent core al ong pposite axial direction,

t hr ough laminaipd de fhe Ertsat/\mdlﬂgéasferaat arlishside b tae diglpatiic
?nlatt:;eCt ! %nubsﬂ'QFe W&Qmﬁﬂb%&@&ﬁ%&m@gﬁd ?Ifle H%‘f winding layer
are disposed between the plurality of stator teeth and the stator

‘yoke.

The spindle motor of claim 51, wherein the plurality of stator teeth, the
plurality of cores and the stator yoke form a 'magnetic flux passage to guide
magnetic fluxes to pass from a magnetic pole of the magnet, one magnetic
flux passes via a stator tooth along a first radial direction, through a core
along an axial direction, through the stator yoke along a circumferential
direction, through an adjacent core along an opposite axial direction,
through an adjacent stator tooth along a second radial direction, and to an

adjacent magnet pole of the magnet.

The spindie motor of claim 51, wherein the core is fixed to the

corresponding stator tooth.

The spindle motor of claim 51, wherein the plurality of cores are fixed to the

stator yoke.



53. The spindle notor of claim5 1, wherein the core

is fixed to the correspondi ng stator tooth. 54. The
wapisdss2aot or of claim5 1, wherein the pl urabPCT/gGuiNs/000175

cores are fixed to the stator yoke.55. The spindle

motor of claim5 1, whereinogghe magnet is di sposed

i nside the annul ar region. 56. The spindl e notor of

claim5 1, wherein the magnet is di sposed outside the

55.anphéispind® Mdtor of claim 51, wherein the magnet is disposed inside the

annular region.

56. The spindle motor of claim 51, wherein the magnet is disposed outside the

annular region.



