- 1 - LOWPROFILE SPI NDLE MOTOR TECHNI CAL FI ELD 5The present invention
relates to a permanent magnet synchronous spindle notor. In particular, it
relates to a low profile spindle notor for use in data storage systens.
BACKGROUND OF THE | NVENTI ON 10 Per manent nagnet synchronous notor
may be useavo mogigdada storage system such as a hard di ekrdcroseodosrssuppor t
and rotate one or nore nedia disks. Wth the applications of hard disk
drives being extended from conputer sydt-ens to consuner products, in
particul ar portable electronic devices such as portabl e 15audi o vi sual

pl ayers and digital video caneras, etc e | cal dinension of hard disk
drives in these applicati oW%P&QE%ﬁ%%@MI | conpared to those for

conput er systens, and hence low profile and mniature hard disk drives are
devel oped to neet these requirenments. In the neantine, the requirenments for
storage calfeeHMCAREIELRCccur acy and data access speed keep increasing. Hard
20di sk drives designers and manufacturers are facing continuous chall enges
i n devel oping hard disk drives to nmeet these requirenents. )
Diffichlties hdhe nsesentinvestion relatesito ginegmasentimagnet spnaheraysspiniRice t he

physi cal  qiaRRS|PartitdlaP #'rbiatdd @B'a bi¥rbie SRS mBlor e dhedh AktaMitbrge: While

systems.

BACKGROUND OF THE INVENTION
10 _
Permanent magnet synchronous motor may be used in a C!ata storage -
system éuch as a hard disk drive o support and rotate one or m'oz:e media disks.
With the applications of hard disk drives being extended from computer systems
to consumer products, in particuiar portable electronic devices such as portable
15  audio visual players and digital video cameras, etc, the physical dimension of hard
disk drives in these applications are demanded to be smali 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
20  disk drives designers and manufacturers are facing continuous challenges in

- developing hard disk drives to-meet these requirements.

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

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

Presently, spindle motors are configured with stator windings wounded on
30  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 tums on the stator teeth. The windings



25mai ntai ning or even inproving the performance of hard disk drives. It is
appreci ated that one of the key factors which hinders thickness reduction
of hard disk drives, lies in the stator structure of the spindle notor.
Presently, spindle notors are configured with stator w ndi ngs wounded on

30 stator twaetobs/iqannd oriented al ong radi al directions etrstzogmiorndl e not or.
A relatively | arge space between adj acent w ndi ngs nust be reserved, in
order for the winding tooling to operape and wi nds the wi nding turns on the
stator teeth. The wi ndings WD 2008/ 147329PCT/ SG2008/ 000175 - 2 - may al so
have to be designed with nore turns, or thick wire with few turns, for

meet i ng t hway elyaihayaia be depignRedithmere;ty@ssyisthiskwirgoyithy Eaw tuggs.dofyi ndi ng

turns, or %g%@@ctﬁg{rﬁ%uii[’(%\% ¢ foM rhol ?dﬂﬁ@@ﬁ?mdimg%@e %aﬂbnanﬁndswat

which w | kness reduction of the spindle notor.
i s needed drdhichairef willreaultii graater distensignef wingipa enisgvhinl witbafiadt g medi a

di sk(s) of I i Wb s a structure and configuration to
enabl e an tp%ﬁ%%sgrgglr{gtﬁ)l?ﬂgﬁﬁfgﬁ@iieﬁf?,ﬂaﬁr educed notor thickness while

mai ntasning or even inproving the performance. 10 WO
2008/ 147329PCT/V§%0|9 ﬁégg&dl%?herefore a spindle motor for supporting and rotating
media disk(s) of a hard disk drive, which has a structure and configuration to
enable an improved manufacturability, reduced motor thickness while maintaining
or even improving the performance.

10



- 3 - SUWARY OF | NVENTI ON Enbodi nents of the present invention
provi de stator and wi nding structures and configurations for |ow profile
per manent magneti c synchronous spindle notor 5for hard di sk drives.
According to one enbodinment, there is provided a spindle notor in which the

stator tee{p anhasRbor nagnet are radially and copl anaptysdrepaned W th
respect to each other. A winding |ayer, such as that formed of a conductive

| ayer of a 10Printed Circuit Board (PCB), a wiring layer of a wre-bonded
substrate or the like, is provided, with its conductive |ayer form ng
stator windings in a plane or a two-dinensional area, and are axially

ori ent ed, SUMMARY PRINVENHGMNg center axis parallel to the axis of
rotation of the spindle notor. 15According to another enbodinment, there is
provided a spindle notor in which the stator teeth are disposed in an

annul ar r egi on Esuhadisnents of thanpraser! iprentiep are\ide statenandwipding SEUBIURSl i ty of
w ndi ngs rayi | SRR Ohes I | f stator
t eet h. Eagaﬁ]%vﬁ% Hﬁ%ﬁw‘éﬂﬁ%‘%ﬁf‘@v en&}rfli%lg ax ilagfjrg%lﬁgnt e pgl;d;f)luglskl{ngie{[ﬁﬁgtogxi s of
rotatien. fdrhataliskafrivebe spindl e notor has a nagnet 20positioned radially
spaced apart and being coplanar with the annul ar regi on. The nmagnet has
magnetic poles annularly distributed to generate magnetic fluxes al ong

radi al directi dwecodirtgte one@miodiviect thtirads providetlr spiedie gngtedinydligh a

l'am nat ed tﬁ}a %Ea?cr»r téétﬂganidsro%rr?ﬁ/é.g(}i\%ga}enraaially and coplanarly disposed with respect
to each other. A winding layer, such as that formed of a conductive layer of a
10  Printed Circuit Board {PCB), a wiring layer of a wire-bonded substrate or the like,
is provided, with its conductive layer forming stator windings in a plane or a two-
dimensional area, and are axially oriented, i.e. with the winding center axis parallel

to the axis of rotation of the spindle motor.

15 According to another embodiment, there is provided a spindle motor in
which the stator teeth are disposed in an annular region surrounding an axis of
rotation of the motor. A plurality of windings are provided, each being coupled to
one of the plurality of stator teeth. Each winding has its winding axis oriented
paralle! to the axis of rotafion. A rotor of the spindle motor has a magnet

20  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
25  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 piurality 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
30  the windings, with projected edges which increase the tooth area surrounding the

permanent magnet ring.



25 spindle notor. The lamnated stator ring includes a first |ayer which
fornms the stator yoke, a dielectric substrate di sposed on the first |ayer,
and a conductive |layer provided on the dielectric substrate. A plurality of
wi ndi ngs are fornmed by the conductive layer. The |lam nated stator ring
further inetoumesisazzsecond | ayer which forns a pluralitycokcstostbmnrst eet h.
Each of the stator teeth is coupled to one of 30the wi ndings, with

proj ected edges which increase the toe#h area surroundi ng the pernanent
magnet ring. -4-. Enbodi nents of the present invention provide
axially orientated stator windings in a two dinensional region. A magnetic
flux passage orEmbrsfimesatsiafithearasgniinyentogrrayvids axialypligriatest Yptopagnet |

gui ded by ihgingg?ﬁ Qhwd eﬁﬁ&ﬁérmeeddi@m Alm et iu? Passigedidod istbRfédg cor e
al ong axi a I rection, and guided by stator yoke along circunferential

di r ect i on.to\niash radiallysdsm thetptorpnagneteguided by don slater tequm algnggadial i nvent i on,
spi ndl e nog; ; | ) i . ; r

manuf a‘ctur%ﬁcﬁ?ﬁ[?ﬁéﬁ @{gﬁd |cgr%}a§/bdrgre%{5%e s[:II é%ﬁ%?g%%@ag’ég@%s and
advant agesalofg cirunfesndiat difastient MGth thesoluliens providedppembadinfanbthe he

fol |l ow ng Ll L Of 1 j :ﬁm ' | e acconpanyi ng
dr awi ngs, &?#%t‘%@ﬁ@%&r%\éa%?&m% Er he #{ﬁvﬁ{ew(\)/\\ég%gﬁg&gpt of the
present i rpesfonnance and manuBBRIEEDINFSCH FgniBhardy raEcDRINCkNGS. These
and ot her aspects and advantages of the present invention will be described

in detail with reference to the acconpanying draw ngs, in which: 5
Other aspects and advantages of the present invention will become

- 10  apparent from the following detailed description, taken in conjunction with the
accompanying drawings, illustrating by way of example the inventive concept of

the present invention.



Fig. 1 is a perspective view of a spindle notor according to one enbodi nent
of the present invention; Fig. 2 is a exploded partial perspective view of
Fig. 1, 10 Fig. 3Ais a cross sectional front viewof Fig. 1, Fig. 3Bis a
partially enlarged view of Fig. 3A; 15Fig. 3Cis a cross sectional front

vi ew of a sy fdé/ei7s@t or according to anot her enbodi mentcokctdisopissent

I nvention Fig. 4 is a perspective view show ng an arnmature w ndi ng
of a spindle notor shown in Fig. 1; 205- Fig. 5is a perspective view
showi ng a stator yoke of a spindle notor showmn in Fig. 1; Fi g.

6A is a perspective view showing a winding core of a spindle notor 25shown
in Fig. 1;BRIEF DESERIPTIOQNOF THEOQRAMINGS: view of a stator tooth of a

spindl e notor shown in Fig. 1, with a winding core forned or assenbl ed
thereon; - 6 - Fig. 7 is a perspective partial view of Fig. 3A
showi ng magnet i hesg @ndpikeraseects and advantages of the present invention will be

described in detail with reference to the accompanying drawings, in which:

Fig. 1 is a perspective view of a spindfe motor according to one

embodiment of the present invention;

Fig. 2 is a exploded partial perspective view of Fig. 1;

10
Fig. 3A is a cross sectional front view of Fig. 1;
Fig. 3B is a partially enlarged view of Fig. 3A;
15 Fig. 3C is a cross secfional 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; |
20

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

25 shown in Fig. 1;

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

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

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

yoke a spindle motor;



S5Fig. 8 is a perspective partial view of a spindle notor according to

anot her enbodi nent of the present invention; Fig. 9 is a perspective
view of a spindle notor according to a further enbodi nent of the present
invention; Fig. 10 is a partially enlarged cross sectional view of Fig. 9;
Fig. 11A is a perspective top view show ng one exenpl ary single phase

armature wi nding of a spindle notor shegm in Fig. 9; Fig. 11Bis a
per spective bottom vi ew showi ng one exenpl ary single phase armature w ndi ng
of a spindle notor shown in Fig. 9; Fig. 12A is a perspective

top view showi ng a stator yoke of a spindle nmotor 20shown in Fig. 9;

Fig. 12B is a perspective bottom.view show ng,a . stator yok f a spindle
not or shown i ‘@ié.s@Pe@ﬁc ve E§ﬂ|aév¥§v‘b‘é€éf9egf\iW“U?%W%qp(?&hcﬁlb'xt he outer

| ayer of aLQs: teeth of a spindle notor shown in Fig. 9; Fig. 14 is
a perspective View showi ng the inner |ayer of stator teeth of a spindle
notor shown in Fig. 9; - 7 - Fig. 15 is a perspective partial view

of F'5g' 9 Shovlgié].ga & Bgtrs'[:;Cec{i\ln.laJ );Sa AW of a spindle motor according to another

embodiment of the present invention;

Fig. @ is a perspective view of a spindle motor according to a further

embodiment of the present invention;

10
Fig. 10 is a partially enlarged cross sectional view of Fig. 9;
Fig. 11A is a perspective top view showing one exemplary single phase
armature winding of a spindle motor shown in Fig. 9;
15

Fig. 11B is a perspective bottom view showing one exemplary single phase

armature winding of a spindle motor shown in Fig. 9;

Fig. 12A is a perspective top view showing a stator yoke of a spindle motor

20  shownin Fig. 9;

Fig. 12B is a perspective bottom view showing a stator yoke of a spindle

motor shown in Fig. 9;

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

spindle motor shown in Fig. 9;

Fig. 14 is a perspective view showing the inner layer of stator teeth of a
spindle motor shown in Fig. 9;

30



Fig. 16 is a partial cross sectional view show ng a tooth pin configuration
of 5a spindle notor according to another enbodi nent of the present

i nvention. Fig. 17 is a partial cross sectional view showing a tooth
pin configuration of a spindle notor according to yet another enbodi nent of
the present invention. 10Fig. 18 is a partial cross sectional view show ng
a stator yoke pin configuration of a sgndle notor according to still

anot her enbodi nent of the present invention. Fig. 19 is a
perspective partial view of a spindle notor according to a 15further

enbodi ment of Rigelpies patspactivepadial view ef FigDEEAowy PEQORLETIUON OF THE
PREFERRED ENMBODI MENTS As shown in Figs. 1, 2, 3A and 3B, a spindle
not or 10dx§§@8?ding to one enbodi nent of the present invention includes a
stator 110 and a rotor 210 with a 5generally ring-shaped pernmanent nagnet
220 which is disposed radially inside stator 110 and rotatable relative to
stator 110 abdug. Hhissk pertig cransagqcignapdewishopling Bdoai pin conliguaéonwient

R e R e e L
perpendicul ar to axis of rotation 102 (Fig. 2). 10

Fig. 17 is a partial cross sectional view showing a tooth pin configuration of
a spindle motor according to yet another embodiment of the present invention.

10 Fig. 18 is a partial cross sectional view showing a stator yoke pin
configuration of a spindle motor according to still another embodiment of the

present invention.

Fig. 19 is a perspective partial view of a spindle motor according to a
15  further embodiment of the present invention.



Stator 110 has a first set of w ndings 120, each being oriented with its

w nding axis 122 parallel to axis of rotation 102 (Figs. 3A 3B). Stator
110 further includes a plurality of stator teeth 140, and a stator yoke 150
posi ti oned bel ow stator teeth 140. The plurality of w ndings 120 is

posi ti oned vagigweensbhe set of 15stator teeth and. st at opcy@keoodoid17sA
plurality of winding cores 160 are each placed between a correspondi ng

stator tooth 140 and stator yoke 150, -gnd passing through the center holl ow
portion of a corresponding w nding 120. Each stator tooth 140 has a first
end portion 142 adjacent to ﬁermanent magnet 220, form ng an annul ar gap

340 t her e RERAWED PESCRIPTION QR FHERREEERREDLEMBPRIMENTS 20di recti on

parallel to the axis of rotation 102, and with a height to accomobdate the
t hi ckness of permanent magnet 220. In the present enbodi nent, each of

the stator teetAs shogvn ig Figs. fed. dh and3B: atspindlemotor409ragcardinglomtng ayer 148.
First and d j apxanmpl e,

ot anpi g, DL ARShEng ppdbn?reth fBRE aShiB 1 EAPH 2 Gt

porti on l4genefallyirirgtstiappd petmanentymagneb a0 whichys dispesedi radigllyriasige and t he
end porti y. : | war dl y.
Bent or p?%?tég? é@ggﬁgﬁg%ﬁ% %@fvﬁéggﬁ 11@%%?‘2%%%@2&?%‘%%&? 8§i§}({£ommdat e

t he hei ghtspiridipeatemilits PargasenDagnetr22dvasmagreticfN aod & pades B22, 224 st at or

teeth with rtion 42 and. 146 | r 5N Fg%ﬁpet is that,
the eff ectqc\%ﬁgﬂéér%‘élgggéﬁaﬁ zé'?(g(r:etclebv %%@gét%g{u\%gggg?’h@pag&ﬁ%ne magnet and
t he st at orditeetivds, é.anpépendiculanteakis ofwotatied 102 (Flga).f or med by stator teeth
w thout the - 9 - end portions 142 and 146. The magnetic / mechani cal
ener g§7° conversion capability, and notor torque generation capability, can

t heref ore be erSiatoe ¢t hhe atfinst seeahwvindingst120, eadtnbeing ariefted withdts t eet h
remai ns thi.n and thjs, contributes . t he ctiQn ra L ckness of
e sp; naMEndBBGKs 172 Saraheli SR of potalalh1 O£ A a8 MR HaRbE ay be
f or med -by iacladetch pligaity bt statorit@sth al0pamd 4 Btzter ywkedgDipositiondd 6BIGR) . As shown
in Fig. 3B, the printed circuit poard has a conductjve |ayer 124 |am nated
on o di el apl Bl bl 2o phiaty of Hiings 1293 BRSi ReweEN Bin 10T ci r cun t 5
from the cnmerlettyand stedr ybRé 189. AGBurality of winding cores 160 are each placed

between a corresponding stator tooth 140 and stator yoke 150, and passing

through the center hoilow 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

20  direction paraliel to the axis of rotation 102, and with a height to accommodate the

thickness of permanent magnet 220.

fn 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
25 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 peh‘nanent magnet 220. An advantage of forming the
30 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



10f abri cati on technol ogy. Once the desired w ndings 120 are forned on the
conductive |l ayer 124, the PCB may be sandw ched between stator teeth 140
and stator yoke 150 by, adhesion, soldering, pressing or the like, to form
a lam nated stator ring structure, as shown in Fig. 3B. In an alternative
enbodi nent wovtonghiangg® 120 nay be formed by bondi ng condwchiseecosnres on a
substrate. 15 According to anot her enbodi nent, as shown in Fig. 3C
there may be a second set of w ndings-927 forned by a second conductive

| ayer 128 of the PCB. The second set of windings 127 may be electrically
coupled to the first set of w ndings 120. Depending on the requirenents of
t he spi ndlendpriens Hhand 146.a7be magnetic famgchnicnl GPPERYCONNEEFPN hr ee or nore
conduct i Veczly%ﬁﬁiay? and fatdr tbRedRePRICR Bl cih fll-o% bEBRRARR. 48 1 he

w ndi ngs may connect W th another set in series, or in parallel, to form
t he requi ribg meantimep theseainrarad of stalgrieethgemainsithie angithbis. coglribstRsetonot or s

cont i gur edyaCERLALAGE b oL ST RRNIEE0LE R spibils Rickent 251 nvent i on

advant ageousl'y Torm planar and axially oriented stator w ndings.
Manuf asturing difficulties and Iimtations encountered in fabricating

wndings are o DR UnbRLRORI A e AFAST b (it B ERfFcqeTouse the
di mensi onatircaiteées oftahrintéd ciknittmand (PGB). wAs dhows ireirig. B clhemeiateckedrcuit
ot g b iy 37 R DR 2, anc
patterns dNindirgswi28diradsmed of spiral circuits from the conductive layer 124 by PCB
10  fabrication technology. Once the desired windings 120 are formed on the
conductive layer 124, the PCB may be sandwiched between stator teeth 140 and
stator yoke 150 by, adhesion, soldering, pressing or the like, to form a Iaminéted
stator ring structure, as shown in Fig. 3B. In an altemative embodiment, windings
120 may be formed by bonding conductive wires on a substrate.
15 _
According to another embodiment, as shown in Fig. 3C, there ma? 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-tayer
20 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
25 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
30 PCB greatly improved the manufacturability, and increased the design freedom of

the shape and pattems of the windings.



- 10 - For exanple, the winding may be formed by surroundi ng one or
two core regions, as shown in Fig. 4. Depending the design requirenents,
nore than one |layers of windings nay also be forned in a stator assenbly,
whi ch can be conveniently inplenmented by the nulti |ayer PCB fabrication

t echnol ogy wd0s147320An added advantage i s that, as thepBCBgbmyoddersl am nat ed
or adhered together with the stator teeth and stator yoke, both the
strength and rigidity of the stator ass®abled is increased, which nmay al so
contribute to the overall performance inprovenent of the spindle notor. 10
As shown in Fig. 5, stator yoke 150 is forned of a single piece of
magnetical |y p%ﬂ?@éﬂ'l"@'%ﬁi%‘f‘i"ﬁlﬂg WAy Re Seramd-Rysswirunding mfgéwercogﬁ ots 152

formed t helgRis! 84 sEAWPIN Mg. 4. 0DBPEGHIAG tHld &gl &uird@Bh@SmoRfraRthRB show
Wi ndi ng corée structures which mae/ be adopted in the enbodi nent shown in
e

Fig. 1. wiamwnse!windingsonayalpohe fegned it a statorassembbuwhichcagrignt shaped, and
formed senayiblekiy AspiSReMR LY thé hulf AyeVPRH BBrcAIA td&Molbyy, be fabricated

by forging, stanping, machining or netal injection noldi ng, and assenbl ed
to a cbrresponding stator tooth 140. In the exanple shown in Fig. 6A

20upon conpl et P | w 1 dffedfe assenbl ed
to a stator toot ?ﬁ%ﬁ@ﬁgﬁé}gﬁt’g‘%&nﬁam Y, etg%ﬁﬁ—g'?aq?%gpg'gat %‘? teeth 140
and a cor rtegpibatwily the staton deatio pad statonhokieobatbdhe Sirangth agt sigjsity of Rl g.  6B)
by, for e WY J [ i I ernative
enbodi rreni(sqgt\%lﬁa?ér@ 'ggﬁée@&fgg&?fa‘@gggF”fagra?rseogl&lﬁﬁ#%g?g g}e?/& gg%"t or connected
t 0, st at orpgrbicmatsdimmevabaniofithe apifidle. matGr. St at or teeth 140, winding core
160 a%j stator yoke 150 are made of ferrite
| As shown in Fig. 5, stator yoke 150 is formed of a single piece of
magnetically permeabie material, with openings such as holes or slots 152 formed

thereon for coupling to winding cores 160.

15 Figs. 6A and 6B show winding core structures which may be adopted in the
embodiment shown in Fig. 1. Winding core -1 60 may be cylindrical or circular
segment shaped, and formed separately, as shown in Fig. 6A. Winding core 160
may be fabricated by forging, stamping, machining or metal injection molding, and
assembled to a corresponding stator tooth 140. In the example shown in Fig. 6A,

20 upon completion of the fabrication, the winding core 160 may be assembled to a
stator tooth (not shown). Altematively, 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. [n an alternative embodiment, winding
cores 160 may be formed integrately on, or connected to, stator yoke 150, as

25 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

30 windings.



magnetic material, and forma magnetic flux passage to allow magnetic fl ux
generated by pernmanent nmagnet 210 to pass through and interact with stator
30w ndi ngs. Magneti c flux passage al ong adjacent stator teeth 140a
and 140b are taken as an exanple for illustration, as shown foll ow ng the
passage rowmtceoosrdizeat ed by outlined arrows in Fig. 7. B&rTsegoebdiotssi | ux
generated froman N pole of pernmanent nmagnet 220 passes across annul ar gap
340 along radial direction, and into g dirst stator tooth 140a. Cui ded by
first winding core 160a, the magnetic flux turns downwardly al ong axi al
direction, and passes through first winding core 160a. Wen reaching stator
yoke 150, the idagnetic flux passageriong adigeeart stajer teptnt40a and 14 argriakemd

further ioés”étﬁ%ﬁﬁ%%oﬁm;sgrlati h(r: %ﬂo% W‘\{%ﬁltﬁ% g%%g@qgﬁ iiﬂgigjgtgg% j acent

wi ndi ng core e nagnet| ux 1s by the a ent stator
t oot h 140mutianed drcowssinfagliZal | y back to an S pol e of permanent magnet 220.
Wth a stator assenbly configured as per the above illustrations, a spindle

15not or according to enbodi ments of the present invention achieved a | ow
profile or thi Aaagsétatflux démenated froemdn Nipmlle efperdianentimagset 28X h st at or
wi ndings axially orientated aci .eserved het ween, st at i ndi ngs
For 1 anr 1 dsPenaeOer ARG RCeR 30T oBRE AR HERRRY A s SR SR St
successf ul14paelGuidanbe frst Wridingabdrews0h othe amagnetic dag atmeidodngrdlensi ty and
wi ndi ng space utiljzation, in a spindle. notor. 20he t ower, .out put of
the spi ndI3CoHPER! digtios 4ndthsaes fhrodoh ﬁ'gtow'ﬂg"‘ghc&%q%ﬁa-Fp&éo“a'?a‘é“'E%i ndl e
not Ior d400 AREPYSHNET, mearélfagﬁémuﬂmhmﬁm@tilrafmfémtiammﬁbnj andfotthen
i ncl udes a stator 410 and_a rotor,_510. Sim.|ar structuyures, of st t eet h,
axi al 19 oW@ AR e dTEt o HPeRIhoPgRBC IR B AR GL LW gore 160D,

The magnetic flux is then guided by the adjacent stator tooth 140b, and turns

radially back to an S pole of permanent magnet 220.

With a stator assembly configured as per the above illustrations, a spindle
15 motor according to embodiments of the present invention achieved a low profile or
thinner stator than conventional spindle motors. With stator windings axially
orientated, the spacing reserved between stator windings for fabrication tooling
necessary for conventional spindie motors is successfully eliminated. This allows
for an increased winding density and winding space utilization, in a spindle motor,

20  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

25 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.
30
As shown in Figs. 9, and 10, a spindie motor 1100 according to an

altemative embodiment of the present invention includes a stator 1110 and a rotor



25enabl e a spindle nmotor with nmuch reduced thickness than that of the
conventional spindle notors. The present enbodi nent varies fromthat shown
in Fig. 1 in that, rotor 510 has a ring-shaped pernmanent nagnet 620, and
the stator 410 has a plurality of stator teeth 440 disposed inside the

per manent meEgRes/146:20. A spindle notor with outer rotor pcosGe@sn@miison can
thus be forned. 30 -12- 1210 wth a generally ring-shaped per manent
magnet 1220 which is disposed radiallyjdnside stator 1110 and rotatable
relative to stator 1110 about an axis of rotation 1102 of spindle notor
1100. 5The present enbodi nent varies fromthat shown in Fig. 1 in that,

i nst ead of1210ovitida ggnevialiyliingrsbapasspermameot nagdet 1220 whiahés disposedd

cepar 2 el ol FRRRTHAGE ) 31 ind oARORRYI IO B o B an e L o

di rect i on,rofationiini§2 af spindiemgotood ®(orti on 1162 whi ch passes through
w ndi ngs 1120. An advantage of the present 10 enbodinent is that, the
wi ndi ng cores may be forned in one nmanufacturing process step during
form ng the staherpresarnt embbdinamdaiid< Golnythaf shovaxiarfig.el insthatypisteepd dfn t he

present enbodinent, .as sho in.further detail in Figs. 1 11 15 12A
PG 25, CEOVIBE Wiing £3iEa ot Adiinarcel shards felnl Stsprail P esPabsd 17404
?ng !nnerddrﬁdarc?ﬂré%dir@lﬁtarorwtdh,i tﬁé@htér@j\drmrﬂ&ﬁ&ael ; aa:nd)fll?]efl&htdmef the
abricate , for exanple, st i ng, .and assenbl ed together to forma
Stator t ootAOmaghe Ba wrardR AR oS e IO domie B ABOE 408y be
bent or prgirest £rb2\pNich h¥sestebughalingings NN20. hayeivanthgllof FRypresedtent or
proj ected downwardly. Bent aqr Rroj ect ed ZO?nd portions 1142a and 1142b are

di mena? on&nbastimeriditatethe WiRding gptrs;may be formed in one manufacturing
process step during forming the stator parts 1144 and 1148 by, for example,

stamping.

in the present embodiment, as shown in further detail in Figs. 114, 118,

15 12A and 12B, each of the stator teeth 1140 is formed of an outer layer 1140a and
inner layer 1140b. Outer and inner layers 1140a and 1140b may be fabricated 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

20  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

25 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 overali thickness of the spindle motor stator at the stator teeth
body area. Bent or projected end portions 1144 and 1148 form winding cores

30 1162.



per mmnent magnet 1220. An advantage of formng the stator teeth with end
portions 1142a and 1142b faci ng the permanent nagnet is that, the effective
magneti c interaction area between the permanent nagnet and the stator teeth
can be increased conpared to that fornmed by stator teeth w thout the bent
or proj ect sb Abwndsporti ons 1142a and 1142b. The nmgneteice/sé2oowcdoani cal
energy conversion capability, and notor torque generation capability, can

t herefore be enhanced. In the nmeantinei3the main area of stator teeth -
remains thin and this contributes to the reduction of overall thickness of
the spindle notor stator_at the stator teeth body area. Bent or projected
end portions 1¥¥Shown 48 13 the windingsy! 129y eay Befammed by surpundingone  Ag
shown in F(brqnoﬂéininﬂlh? W AbIBYY 122 2D B diRG dhAhEREsiBY réqllifepitiid, heoane or
nore wi nding core holes 1127. Depending on the design requirenents, nore

t han one |thgBogedayass ahvingingsayaualse bggomqw@oa statog assembly. whisbeBny, whi ch
can be co } L E t : [ : | I on

t echnol og;‘.y @gw&htevmy ﬁbiggﬁgﬁﬁg} r? t'gg'é' %&tpﬁa?@ggﬁﬁeﬁe%l% be

| am nafed or adhered together with the stator teeth and stator yoke, both

e ST 08 At 5 o) o ST,

may al so contribute to | nprovenent o e spindle
mot or. 10 togetbigowithithe statpr taeth apd stajer yakes bothgbe strgngtb andmigistity off the si ngl e

piece of g@?%(gj&{)%@d R5h BE AR a{%:f, Wil mPWSFs[&O&“ﬁmu@E té&%@en%ﬁ hol es or

slots 115 ereon, eac coupl a W nding core 1162.
15St at or tpartdimand®inapravementof thyokpindle50otare nade of ferrite magnetic
10 _
As shown in Fig. 14, stator yoke 1150 may be formed ofa single piece of
magnetically permeéble material, with openings such as holes or slots 1152
formed thereon, each for coupling to a winding core 1162,
15 Stator teeth 1140 and stator yoke 1150 are made of ferrite magnetic

material, and form a magnetic flux passage to aliow magnetic flux generated by

permanent magnet 1220 to pass through and interact with stator windings.

Magnetic flux passage along adjacent stator teeth 1140a and 1140b are
20  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

25  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 tums downwardly
along axial direction, and passes through the first tooth pin 1161¢ (which serves
as a winding core). When reaching stator yoke 1150, the magnetic flux tums
along circumferential direction, and further tums along axial direction upwardly

30  upon reaching an adjacent tooth pin 1162¢ (which also serves as a winding core).

The magnetic flux is then guided by the adjacent stator footh body 1162b and



material, and forma magnetic flux passage to allow nmagnetic flux generated
by permanent nagnet 1220 to pass through and interact with stator w ndi ngs.
Magnetic flux passage al ong adjacent stator teeth 1140a and 1140b are

20t aken as an exanple for illustration, as shown follow ng the passage
rout e indi & edsAysarrows in Fig. 15. A magnet i ectisgxogenersat ed from
an N pol e of permanent nmagnet 1220, depicted by line 1341 in Fig. 15,
passes across annul ar gap 1340 al ong f#&tli al 25direction, and into a first
stator tooth 1161 via bent or projected edge portion 116l1la. Guided by the
first tooth body 1161b, the magnetic flux turns downwardly al ong axi al

di r ect i on, edgRPsHAT 41645 AeddureHadially Beckig anrS prie OIPQTBaT‘%/miWr@ér ves as a
w ndi ng cojg)y Wen reaching stator yoke 1150, the magnetic flux turns
along circuntferential direction, and further turns along axial direction
upwar dl y 30upon reaching an adjacent tooth pin 1162c (which al so serves as

a wi nding cor e)w;g] Qgﬁ{@ﬂ@@gém%bw%uﬁe& @S%&Hé%gv@muwmﬁ& 8GRMbIeSt at or
tooth body 1162b and WO 2008/14/7329PCT/ 0081000175 - 14 - edge portion
1162a, sandmpler ascordingdp lepntingirents of theprgeend imfengjen gahiewed ademw etofloon. Wt h

a stator aRsREPLMtdrUEd SKRABRaIREIndid EofRO Vrith dtitet WiHdiRSaxidySPi ndl e
orientated, the spacing reserved between stator windings for fabrication tocling
necessary for conventional spindie motors is successfully eliminated. This aliows
for an increased winding density and winding space utilization.

10

Providing the stator tooth with two layers, the center of permanent magnet

ring c;':m be configured higher than the winding layer. The two layers can also form
the upwardly bent or projected edge 1142a and downwardly edge bent or
projected 1142b, and these edge portions can increase the tooth surface area

15 surrounding the magnet. Another benefit in using the two-layer stator tooth
structure is that, the eddy current 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 embaodiment
~ 20 shownin 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
25  is easier to pass through the stator tooth 1140 to yoke 1150. The projections

153a can aiso 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
30  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



5notor according to enbodi nents of the present invention achieved a | ow
profile or thinner stator than conventional spindle notors. Wth stator

wi ndi ngs axially orientated, the spacing reserved between stator w ndings
for fabrication tooling necessary for conventional spindle notors is

successf ul ko Rbshnat ed. This allows for an increased wendchgsorrs ty and
w ndi ng space utilization. 10 Providing the stator tooth with two

| ayers, the center of permanent magnet1§ing can be configured higher than
the winding layer. The two | ayers can also formthe upwardly bent or

proj ected edge 1142a and downwardly edge bent or projected 1142b, and these
edge por t i ene tealipw magesticfiyte rassroydn s Abesepwiectionwairs sARTWE S he nagnet .

Anot her %H@fh&ek ebﬂtmmy&?eé WedKthe 5@&@{569@& SSthdF tadi éﬁﬂéothat t he
en I N t rea

eddy curr e statof tooth body c reduce and the core
| oss can dhetefire tgﬁgmgngtth@preﬁaggartqgagm @t elctatar togiht 1140 tehi ch may

be adopt eg/ K3 1438, ?ﬁﬁ%&@ﬁﬂﬁs 19 ¥WU'1‘i‘5ﬁ58a furfibr frichbas: éhér Rfeckakiganas a

set of prajections each of which may e positioned in a

cor r espondsitregngtioditha Ritor. The proj ections 1153a together with inner and
outer stator tooth pin 1144 and 1148 forma w nding core to all ow nmagnetic
flux to pass through. Projections 1153a can increase the contacting area
bet ween t he yokdgsl 18Ghand anbthes yakostridiatehwiith taytecadsiptedintthe magnetii c

];)lr ch)JXe(2:t5: zn%e“aé%gg'eegﬁ asrilgtﬁ%glrg}: éh§ if\%&ﬁ?&am caFasl%%gtn&t X%?ﬁ? e52f a;rng.
Figs. 17 stiods, each bfeph{mkmﬂterpnsitmnedmnugh la&;ontmepmﬂlmj adlei 112Fhand
oo eotapie o aRifh abidiod 15 Ay ERSedBR SR Lt o
pr o] ect | orfofAWilding cores to allow magnetic flux to pass through. It would be
' appreciated according to this yoke structure, that some or all the stator teeth 1140
need not be formed with bent or projected ends for being positioned in the holes
1127.
15
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
20  thickness than that of the conventional spindle motors. The present embodiment
varies from that shown in Fig. 2 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.

25 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

30 invention as set forth and recited by the foliowing claims.



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
forma winding - 15 - core to allow magnetic flux to pass through. These
projection-pairs can further increase the contacting area between the yoke
1150 and the stator tooth 1140, therefqgre the magnetic flux is nore easier
to pass through the stator tooth 1140 t'§ yoke 1150. The projections 1153a
and 1153b can further increase the mechanical 5strength of the stator.
Figs. 18 shows anot her yoke structure which nay be adopted in the

enbodi nergLatiswn in Fig. 1 or Fig. 9. The yoke 1150 has a set of
projections 1153a, each of which may be positioned through a correspondi ng
hol e 1127, and iocoupled to a corresponding stator tooth 1140 directly.
Proj ecti dhs 1158pindtesmotonmsomprilingl cores to all ow magnetic flux to pass

t hrough. It would Qe reciated acecordi to thi oke structure. that
Some or al | the SRSl SR TeeiRigrsesind e fetfRan SR Bho ect ed
ends for being posigkisradtdtionidfenéphater;1127. 15 As shown in Fig. 19, a
spi ndl e notor 1400 according to a further enbodi nent of the present

p

i nvention i ncl udéglarality efrwipding qares, eaeh pthedlumalihelgases barg casipied ar
oL TueLures o ot ot 96 phE5 by APy e SR AR AR ol S
that of the convenisarhglurality ofistatdrabettsin albiecgtiorssuiistantiaigipaeslel to the

axis of rotation of the motor;

a winding layer having a plurality of windings, each of the plurality of
windings surrounding one of said plurality of winding cores with an
axis parallel to the axis of rotation of the motor,;

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 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; 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.

2. 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. .



varies fromthat shown in Fig. 9 in that, a plurality of teeth 1440 are

di sposed inside the permanent magnet 1420. A spindle notor with outer rotor

configuration can thus be formed. 25Although enbodi ments of the present

i nvention have been illustrated in conjunction with the acconpanyi ng

“drawi ngs and described in the foregoinq detail ed description, it should be
appreci ated that the invention is not "nited to the enbodi nents discl osed,

and is capabl e of numerous rearrangenents, nodifications, alternatives and

subst i t utd.ons Miet mwlednpt@nruf n@lmr%rwhefems@ﬂqh of the pluralityoifonses beingas set

Lo oo o < digiisat thiugh s paASridifh Windind edpr W e WuRRRI LSS o' O

surroundi ng arp §omiedt@deda%r@fspbh@mg@t@wrto’btnlauﬂathetsymofYakend! ng cores,
each of the plurality of cores being coupled to one of the plurality of

stator teeth and extending from sald one of said plurality of stator teeth

inadirectio t t t he notor;
a w ndi ngfl ayg—rhseh%jhﬁ% ﬁ@grﬁyrf g ér& dtﬂ gdﬂéﬂ aﬁgpé]f gt&Ot? rktléeé}ﬁ‘l flg]fr"eal ity of
wi ndi ngs surr mm@luwg)fcumee@éndahdswtwwkdfprmfa wiagwietig flar passagé to guidexi s
parallel to the axis of rotation of the or; a.rotor haying a nmagnet

posi tioned radnagnsticsixesdonggefroma rﬂegﬂ@twcae}%{zﬂae magnet.e,Magnglic
region; the mgppetadayivigs %F&g?fdo(t‘h Bi?:’r@sz? ﬁ@'r'ééﬁéi JSirdttidh! trﬁH&@‘? alddrgenerate
a Irection

magnetic fl uxes ong radi e magnet; whereln each. stator
tooth has a fialeng anthfadlregtlmnnethrmghﬁheaarhatowﬁek@almrgrmcmumterembi| s
projected along a,dir ctl aralle|l to the axis of.rotation Lo accomodate
an axi al di ner?gﬁe&Ho'Bff ?}@'Sﬁgiaceﬁ BOTR-ARIPRY AnLpppsite ! diT SﬁtﬁWi ncl udes a
first layer aﬁﬁrcﬁugﬁ%?é@'ahéﬁﬁétaicﬁ%éﬂél@négéé&én&'réé%l Hird&@lon, and%l@nport' on
of the first layer is projected ong a first axial direction, and an end
portion of theacgmmmaQIﬁrpoiQsobth@]magﬁd al ong a second direction opposite
to the first direction.

5. The spindle motor of claim 3, wherein the plurality of cores are each fixed

to a corresponding stator tooth.

6. The spindle motor of claim 3, wherein the plurality of cores are fixed to the
stator yoke.
7. The spindle motor of claim 1, wherein the magnet is disposed inside the

annular region.

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

annular region.

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

conductive layer of a Printed Circuit Board.

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

wiring layer of a wire-bonded substrate.



2. The spindle notor of claim1, further conprising a stator yoke coupl ed
to the plurality of stator teeth, wherein the winding |layer is sandw ched
between the plurality of stator teeth and the stator yoke. 17 3. The
spindle notor of claim2, wherein each of the plurality of cores being

di sposed t hrough a correspondi ng mﬁnding, each of the plurality of cores
bei ng connected to a correspondi ng stat'Sr tooth and the stator yoke. 4. The
spindle notor of claim3, wherein the plurality of stator teeth, the
pluralityllef clreespiagie moierof gtabn 1 dusheneomarisiag adgluality ofwindinglgyerso

gui de magnetic,fluxes t f . f ,gone
magnetic fl ux dd%t%%s(? Qﬁrgllézi@fégpé?oqb%o%@ﬁﬁ%ﬁ@nﬁ%ﬁf&avﬁ@? gﬁﬂgﬁt&eoét I on,
through a cor eyialipae dispodedadurfiuraiid tie aXi§oprghtiéme stator yoke along a
circunferential direction, through an adjacent core along an opposite axi al

direction, through an adjacent stator tooth along a second radi al

di rection|, ahdA%Bin?l ﬁ’%it&ccﬁ}fép;i) uQ.et pol e of the magnet. 5. The spindle

notor of ¢laim erern ality of cores are each fixed to a

correspondi ng st atguralityodfrstator tddth disposdidanant annukdr iegioms@rownidingian t he
plurality of cores are fixed to the stator yoke. 7. The spindle notor of
claimi, wherein th@XiFgRatioq Oahl,epﬁ‘soé‘?f’i nside the'annul ar region. 8. The

Pt og;on: OGRSy MERIR s EeedBtiehe qudifAT ORI |
is formed of a-‘contuonewttheplraliy of skitomteeth and extendBgafrdm s:0d ofieefspi ndl e
ngMQ; e?];)oﬁ ldglj msa bs\{s\gg{ @Lpaliigggf yapéjrl tggthl i%yaeglirécﬁiofnosrLlrg%(fjan(;HcaII§3(l pv.:—\xﬂrarﬂerl]?o J[haeyer of
axis of rotation of the motor,
a first set of windings, each of the first set of windings surrounding one
of said plurality of winding cores with an axis parallel to the axis of
rotation of the motor ;
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 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 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.

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



11. The spindle notor of claim1, further conprising a plurality of w nding
| ayers di sposed parallel to each other, each winding |ayer having a
plurality of w ndings disposed surrounding the axis of rotation. 12. A
spindle notor conprising: a plurality of stator teeth disposed in an
annul ar region surrounding an axis of rotation of the notor; a plurality of
w ndi ng cores, each of the plurality of'%cores bei ng coupled to one of the

plurality of stator teeth and extending fromsaid one of said plurality of
stat or t ¢kl h iTheaspindleonoton of gladmald, ivharginach ofdhe fisstised ohwindings has at i on

of the motor; a first set,.of w.ndin f . fi t..of W ndings:
sur roundi ng orfeCYe gﬁa%seﬁiltﬁf%t\f'&t’tgcgﬁ?%aﬁ%%ﬁ&gggbgli‘lgwé%ﬁﬁ 8§Pea'>§i°$”y§€%f’| el to
the axis of rapaiédifestontiyy fatPtosthaaridthel sthlriydea magnet positioned -
radi al |y spaced apart and being coplanar with the annul ar region; the

magnet havi ng magnetic poles annularly distributed to generate nmagnetic

fl I [ al. di ' . - L3 h h
a 1irat cr o g el 8P i’ O JFRARR| o Bp heEf o Wtiihor BY' 2 omg

a direction palistibated wititine first wirefing tdygri on to accommodat e an axi al
di mensi on of the magnet; wherein each stator tooth includes a first |ayer
and a second layer lamnated to the first layer, an end portion of the

first oy | ST GhiRglefloflr O Gidin 18, Shrther Ampridifis | dbleciidsubibyaigl porti on

of the second layer 1's project ong a seco rection opposite to the
first directidamirisied hthesfiishdirelinglayer at adirsi sidd 2f tHadielestric sulpstiadé,ng a

tat Kk | ed .h | | it f stat. teeth, wh in the first t
of wi nli ngs | SREREEABECREHIEElS AN IS 1Pt QD Eiayor AL Ptedt e

stator yoke. pwbédn tHdplutat) Y t18F RietiPbng tisé Blatsr yoMer ei n each of the
first set of wndings has a core disposed through a center area of a

wi ndi ng, each core is connected to a corresponding stator tooth and the

stator yoke. . The indl e tor, of i 4. . rei a f first
Sor of i nolte SPGRMRBRREARIR 1 1) SridrsiHBE Bdbnd3ially B0,

spi ndl e not or |giikdtad 1 dsechbHE SRy ofpeIdicRLchiE ubdtrate siidreinstibsgcahd

| am nated to the first wnding layer at a first side of the dielectric

substrate, whevieHing lngeriosmsa seaons gniaf aiediags eerk heving:a windinagxisayer are
di sposed betwegn, 1 8¢ oBlfeMld the Blis 8t At&fiort 564 BuABHN&RG tAL Hifding ¥sfe.

18.  The spindle motor of claim 17, wherein the first and second set of windings
are connected in series to form a first type of multi phase stator winding

structure.

19.  The spindle motor of claim 17, wherein the first and second set of windings
are connected in parallel to form a second type of muiti phase stator

winding 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 and surrounding the winding core.



17. The spindle nmotor of claim 16, further conprising a second w ndi ng

| ayer |am nated to a second side of the dielectric substrate, wherein the
second wi nding |layer forns a second set of w ndings each having a w ndi ng
axis oriented parallel to the axis of rotation and surroundi ng the w nding
core. 18. The spindle notor of claim17, wherein the first and second set
of wi ndings are connected in series tozporma first type of nulti phase
stator winding structure. 19. The spindle notor of claim17, wherein the
first an®isecolte sgindiefmatangf slimatde werainchedlunalityofatater teashftbem a second

type of nmulti phase stator w.nding.strycture. i i r. of
claim16, furt lérr‘aﬁﬁlo re? ﬁBdQH%F%rtgrl YCELK? @’{ r?\/@ ﬁgﬁgﬁéﬂ@gg@g@ﬂ&a@%gt o]
each ot her, eaflgRéaf: Mixdshe pisdfRin bymainslicgblemfltay eisyrietl sheomagnetic of
w ndi ngs each having a winding axis oriented parallel to the axis of
rotati on and Jlxrpassesvip astatar tnath glang a first sediahdiregiions firaegl akerer of

The stator yodoRe A iRLIN Bloihesi6ryBre Hlihd tidiieroflial S0 €7 2N
pass from a mafiretion, Pedegtoan Hdfacengoete along amegpyeisite dxaldirpetiorgs via a

stator tooth along a first radial direction, througa_ ﬂ core al ogq an axi al
direction, thrtbyghaadiesent sipirdoaihmigng agecopdradiahdirastion. Apge &R,

t hrough an adjag I if e axial direction, through an

adj acent stat o%ﬁ%%%r{tﬁﬁé oeillgj flzl g@gﬁgagg%if al direction, and to an adjacent
magnet pole of the magnet. 22. The spindle notor of claim 14, wherein the

core is fixed o the correspagnding, stator . tooth. 23. T i ndl e notor of
claim 14,é%er-&‘%3®ﬁg%ﬂin8&5|q?§fﬁ“@f1%Mﬁbgeﬁ‘r CrGRE P f"(‘?‘{]%et%gt ator yoke. 24.
The spindl e My Rfedbndiny sthibétodter €i n the magnet is disposed inside the

annul ar region. 25" The“spindle notor of claim12, wherein the magnet is
di sposed outside the annular region. 26. A spindle notor having an axis of

2t irst i %hor DR Relgfis ki) SR afhe fin BF ARt it 8k oo el REREG: "

stator teeth; stator yoke.

24. The spindle motor of claim 12, wherein the magnet is disposed inside the

annular region.

25. The spindle motor of claim 12, wherein the magnet is disposed outside the

annular region.

26. A spindie motor having an axis of rotation, the spindle motor comprising:
a laminated stator ring including:

a first layer of magnetically permeable material forming a first set of
stator teeth;
a base layer of magnetically permeable material forming a stator
yoke;
a plurality of winding cores, each of the plurality of cores being
coupled to one of the plurality of stator teeth and extending from said
one of said plurality of stator teeth in a direction substantially paraliel

to the axis of rotation of the motor;



a base layer of magnetically perneable material formng a stator yoke; a
plurality of winding cores, each of the plurality of cores being coupled to
one of the plurality of stator teeth and extending from said one of said
plurality of stator teeth in a direction substantially parallel to the axis
of rotation of the notor; 21 and a plyrality of w ndings sandw ched
between the first |ayer and the base I§§/er, each of the plurality of

wi ndi ngs surroundi ng one of said plurality of winding cores with an axis
parall el to the axiahdof rotation of the nmotor; a rotor having a magnet

bout the axi s of rPopRryonor PiindskadkEhed sRhkeRtthtstieraidier '
di stributed to gendjzedap@geath of the/plsalty on@indngabudolriing onedf shite
magnet; wherein each stator tooth has a first end facing the nmagnet and

wherein the first dHdrality ?fr%hf‘gﬁ'lgeféprﬁﬁ&ﬂ@ 3D axisqaralis] t‘bm%@l“éIC’ff‘éﬁaf'ﬂ@ axi s
of rotation to acc an axial dinmension of the magnet; wherein the
spi ndl e notor further conpri'ses a second | ayer of magnetically perneable
mat eri al for m ngaaokedmvihgsa magnet pasitioned eadiatly spasetiapart wedaxidiy fir st

| ayer and plurality of w ndings, an end portion of each of the first set of
stator teeth is pr(ﬂ"SE?an(Y‘"ﬂ'l gﬁgstgtqinpgtat%yitgne axis af rotgtionthe MAadRetd porti on
of each of the sec ; | Si | nd

di rection opposi teQ{égnr%%ﬁFéna%E? g% ﬁgﬁseécr?ﬁ%%.ly %%ﬂr%‘?g%%%wng‘? grﬁgg‘fo claim
26, wherein each offluxee gidng eddialydinctionoé theamagdetposed t hrough a

correspondi ng w ndin each.,of th | ur al.i f. cores being, mage of .
mmanet | cal |y per NESEAD Gaanatatey 1Sin el st Bad feGh Tie PrAdtRt AR HURCem o
tooth and the firstihsFystlendi8 prdjeetciPalbAl @ difdctionParslldlitttve’ axiglegr ei n t he
plurality of stator teeth, the plurality of cores and the first layer form

a magnetic flux padeotalionto aggpammedajaan axial dimension ¢fdbs magnata magneti c

pol e of the magnej, ¢ f | t f h along a
first radial di r%‘%r%ﬁ?hgﬁgm%%ﬁﬂ%@gﬂgf§§'§‘p\a('§g%§i5;‘?‘;%@?3;’%%‘?% n, through
the first layer al anggmetivally paheeabld mbtalial ftiviog a sdeoad et anstatdiraestht core
al ong an opposite axial direction 22 through an adj acent stator tooth

al ong a second radidispaseddeetvesn tha dirstdayer ang plveality abyinstingsoes &1d t he

magnet . 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.

27.  The spindle motor of claim 26, wherein each of the plurality of cores are
disposed through a corresponding winding, each of the plurality of cores
being made of magnetically permeable material, and connected to a
corresponding stator tooth and the first layer.

28. The spindle motor of claim 27, wherein the plurality of stator teeth, the
plurality of cores and the first layer 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 first layer along a circumferential

direction, through an adjacent core along an opposite axial direction,



29. The spindle notor of claim27, wherein the plurality of cores are each
fixed to a corresponding stator tooth. 30. The spindle notor of claim27,
wherein the plurality of cores are fixed to the stator yoke. 31. The
spindl e notor of claim26, wherein the magnet is disposed inside the stator
region. 32. The spindle notor of claim26, wherein the nagnet is disposed
outside the stator region. 33. A spind@g not or conprising: a plurality of
stator teeth disposed in an annul ar regi on surroundi ng an axis of rotation
of the notor; thrgugliran adjpcent statatiteethcalorg a @@cndmadiaﬁéirmtimnalandyoah cores

bei ng coupl ed 0 | i stator teeth and extending from
sai d one of Saefc@a%ﬁr}ﬁpgqr{%%gg (g{@fad%'g?ﬁ%tth in a direction substantially
parallel to the axis of rotation of the notor; a wi nding | ayer having a

plurality of w ndings, each of the 7E| urality of w ndings surrounding one of
sai d pl urdd-i t yTher spindigimetas 6f slaimi 21 vehieraia e piuralityof qoses pee aach fixgd
rotation of t X Lag a magnet positioned radially spaced
apart and bei ﬁg %F%sﬁg?]d\[/r\ﬁﬁﬁﬁgggﬁhul ar region; the magnet having

magneti c poles annularly distributed to generate magnetic fluxes al ong

radi al direction of the magnet: wherein the winding layer is forned of a
conduct i V91 ay mlma!empwgé’gc@'m&ﬁ,twwsmhe pi@'aﬂg(ﬁf eg gretixed tthsr  of
cl ai m 33, furté\@,ﬁ&)rgg@ri sing a stator yoke coupled to the plurality of
stator teeth, erein the winding layer is sandw ched between the plurality
of stator teeth and the stator yoke. 35. The spindle notor of claim 34,

wher ei n ch t he II ur.a itc% Pf. cores bej di sgosteddthrough a
correspontli-ng %ﬁ"ﬂg? g Flaime MNelFin the Jpagnptds dipposgd iiidetheed to a
correspondi ng sih@k pEgibROt h and the stator yoke.

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

stator region.

33. A spindle motor comprising:

a plurality of stator teeth disposed in an'annular region surrounding an
axis of rotation of the motor;

a plurality of winding cores, each of the plurality of cores being coupled
to one of the plurality of stator teeth and extending from said one of
said plurality of stator teeth in a direction substantially parallel to the
axis of rotation of the motor;

a winding layer having a plurality of windings, each of the plurality of
windings surrounding one of said plurality of winding cores with an
axis parallel to the axis of rotation of the motor;

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 conductive layer of a Printed
Circuit Board.



36. The spindle notor of claim35, wherein the plurality of stator teeth,
the plurality of cores and the stator yoke forma nagnetic flux passage to
gui de magnetic fluxes to pass froma magnetic pole of the nagnet, 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
circunferential direction, through an é@jacent core along an opposite axi al
direction, through an adjacent stator tooth along a second radi al
direction, and to an adjacent magnet pole of the nagnet. 37. The spindle

Cor resporift-ng. HiaswPOEBefr olgdmitd suitiareorneigio 3l SRestificlialy (e
plurality of qREQMAI dfistadr tebth hRhéeteit tHe Witlding RBYer B ¢arkivicide not or of

claim 33, wherein the magnet is disposed inside the annular region. 40. The
spi ndl e not or ketwepaithe pRiraliy&f statof iesthagd dte stateli ¥P®sed out side the

annul ar region. 23a 41. The spindle notor of claim33, further conprising
a plurality of winding | ayers disposed parallel to each other, each w nding

| ayer hawdsg art spiptict motdr ofictim®s wherppseaktsof theidrality éfreorex beingf
rotation. 42. A spindle notor conprising: .a plurality of %_t ator teeth

di sposed in ardispeRAGhroUd]) 8 £oasPRLRAg NYndiRdaspch ot thegpldtaliphotsorede not or,
a w nding | aygt,.; j e yr-ald Malel hSPieh ing the
axi s of rotat ?é)er%ﬁ&\eégﬁﬁe%ﬁg tgfa a(%ch*eéé ?h?ﬁgﬁr%&g?ms&hnd. ngg %%&&?ﬁgng wi ndi ng
axis parallel to the axis of rotation and being coupled to one of the
plurality of stator teeth; a._rotor_having.a magnet. posi.tjoned, radially
spaced apf-t aHee pRind 'Z‘:‘SFHram&?a'W %&tl’; W'h%rgé{ha%\ﬂigwqﬁ'sg‘?fzﬂ? qrﬁ%&h‘a t havi ng
magnetic pol e,y ﬁ]éedfﬁggﬁhrtha%&&e_r YOI &hta Eqwcpés%]géé% ghrgf@ga

radial direction o net wherein the winding layer is forned o
wiring |ayer ohagnelicButesideupssifiamnramagnetic pleeofshe mingnetoere megnetiai m 42,

further conpriging a stator  yok upl ed_t.o .the pluralit f stator teeth,
wher oi n ¢ he wi T A eayr SigBL Tagif it s ifstrefial kGl Yrdpgh et o
teeth and the Sbagan a4 &lirection, 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.

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

to a corresponding stator tooth.

38. The spindle motor of claim 35, wherein the plurality of cores are fixed to the
stator yoke.

39. The spindle motor of claim 33, wherein the magnet is disposed inside the

annular region.

40. The spindle motor of claim 33, wherein the magnet is disposed outside the

annular region.



44. The spindle notor of claim43, further conprising a plurality of cores
each bei ng di sposed through a correspondi ng wi nding, each of the plurality
of cores being connected to a corresponding stator tooth and the stator
yoke. -24- 45. The spindle notor of claim44, wherein the plurality of
stator teeth, the plurality of cores and the stator yoke forma magnetic
flux passage to guide magnetic fluxes to pass froma nagnetic pole of the
magnet, one magnetic flux passes via a stator tooth along a first radial
direction, through a core 5along an a3®al direction, through the stator
yoke anng a circunferential direction, through an adjacent core along an
opposite axial direction, through an adjacent stator tooth along a second
radial direction, and to an adjacent nmagnet pole of the magnet i046. The
spindle notor of claim44, wherein the plurality of cores are each fixed to
a correspondi ng stator tooth. 47. The spindle notor of claim44, wherein
the plurality of cores are fixed to the stator yoke. 15 48. The spindle
notor of claim42, wherein the nagnet is disposed inside the annul ar

regi on. 49. The spindle notor of claim42, wherein the magnet is

di sposed outside the 20annul ar region. 50. The spindle notor of claim42,
further conprising a plurality of winding layers disposed parallel to each

ot her, eac er . hayi | i d

sur r oundi n€1 “th éﬂ@/ \{! 0%1%30 hH{f% &%pﬂgln&narmﬁﬁﬂﬁ( (ﬁ lvﬁr&ﬁﬁ&

' layers d:sposed paraile! to each other, each winding layer having a plurality
of windings disposed surrounding the axis of rotation.

. 42. 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
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 spindie 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.



25 51. A spindle notor conprising: a plurality of stator teeth disposed in
an annul ar region surrounding an axis of rotation of the notor, a first set
of wi ndings each coupled to one of the plurality of stator teeth 30and
having a winding axis oriented parallel to the axis of rotation; a rotor
havi ng a magnet positioned radially spaced apart and being coplanar with
the annul ar region; the magnet having nagnetic poles -25 - annularly
distributed to generate magnetic fluxegqal ong radial direction of the
magnet; a stator yoke coupled to the plurality of stator teeth, wherein the
first set of windings are disposed between the pIuraIitérof stator teeth

and 5t he sf#t or TRowpindiameater of claiatibwhenein the pluraliét ofoxtatar tetithdbe has a core
CorFesmani g SRR SiePA g ol B pTpsdhah o oS Bt {2
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
5 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.

10 46. The spindle motor of claim 44, wherein the plurality of cores are each fixed
to a corresponding stator tooth.

47.  The spindle motor of claim 44, wherein the plurality of cores are fixed to the
stator yoke.
15
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

20 annular region.

80. 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.

25
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
30 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



wherein each of the first set of windings is distributed within a first

w nding | ayer, wherein the spindle notor further conprises a dielectric
substrate lam nated to the first winding layer at a first side of the
dielectric substrate, wherein the dielectric substrate and the first

wi ndi ng | ayer are disposed between the plurality of stator teeth and the
stator 15yoke. 52. The spindle notor of claim51, wherein the plurality of
stator teeth, the plurality of cores syl the stator yoke forma magnetic
flux passage to guide magnetic fluxes to pass froma magnetic pole of the
magnet, one magnetic 20fl ux passes via a stator tooth along a first radial
direction, through anodady distibgtathtoogeneratd imagrtetio fluxesaloog hadiale st at or yoke

al ong a circunferent,al,. di recti hrough an adj acent core al ong an
opposite axial di reg{r?%t}?, ‘ﬁ'ﬁ%ﬁ‘%@"s adj acent stator tooth along a second

radi al direction,a statortyokecoapled tetite phagtitt of atdter teeth, wheneig tie firsPset53. The
Srator tooth . ofWipdgsaig gRenetd Refisen b plurdlly ot Selgriodfandhe T 0
plural sty of cores #iesthioxgdkd;0 the 30stator yoke. -26- 55. The spindle
ot or of ol ai 1 o3 1 e RS ind S B3 ol R "
di sposed out si de t hgeftanawadsf a Wi, each core is connected to a coresponding
stator tooth and the stator yoke;
wherein each of the first set of windings is distributed within a first
10 winding layer; _
wherein the spindle motor further comprises 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
15 ‘yoke.

52. 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
20 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 axiat direction,
through an adjacent stator tooth along a second radial direction, and to an
adjacent magnet pole of the magnet.
25
53. The spindie motor of claim 51, wherein the core is fixed to the
corresponding stator tooth.

54. The spindle motor of claim 51, wherein the plurality of cores are fixed to the
30 stator yoke.



55.

56.

-26 -

The spindle motor of claim 51, wherein the magnet is disposed inside the

annular region.

The spindle motor of claim 51, wherein the magnet is disposed outside the
annular region. '



