e3e Y’V FI~6T>1<29 JUL 2004 t MAGNETI C WEAR DEBRI S CO_LECTOQ Eq?w:;%q%
BEARI NG OF A SPI NDLE MOTOR | N A HARD DI SK DRI VE BACKGROUND OF THE |
1. Field of the Invention. This invention relates in general to spindle
"motors for use in magnetic disk storage systens, and nore pammmmmw lﬂ 0 a
met hod and apparatus for providing magnetic wear debris coll mm, mMn
air bearing of a spindle notor in a hard disk drive. 2. Descri pt,.jmgﬁ ¢+0f
I's

Rel ated Art. The storage capacity and general perfornmance of hard
drives have inproved steadily over the | ast decade in response to the

d d
been mai ni'y f uel ed"By @%F‘QWER%@% ééﬁﬁ% Uy
recordi ng technol ogy and i n RKMBIVE i at uri zati on.

In particular, magnetic read/ wite recordi ng heads and di sks are capabl e of
su pporting areal data storageBAEKSROBND OF THEIMVENTIONTES greater than
they could ten years ago. This is i~ being achieved by higher track
densities, higher linear flux transition densities and | ower recordi ng head
flying heights. Dat 4. st oFide ofthetlaventioauch as di sk drives, conmmonly nake
use of rotating storage disks. The storage disks are commonly nagnetic

di sks but could also be optical. In a typical magnetic disk drive, a
magnetic disk rotat 'éblsanv&ntlgh relates in geaeral B siiedid moidrafdr uae HHl Hrighetib ergt
uses air pressure to "fly" over the top surface of the disk. The

transduci ng heatbrage systemisnand miré partienlaipdo @i i Ethddr i JaYatudh
" magnetic field on the disk. Inforrrgtlon |2 read back usi r?tgéy?he ?}Fﬁ?'\,gﬂ-.ga

detecting magn is s
i vi ded n o prEeye S e e ool lof R A B ead BEISH 'bﬁ'ee‘*t?*;t?&ét\%t@ head
radial Iy acrosgkhgi,gurface of the disk, the transduci ng head can .read

i nformation fromor wrlte information to different tracks of the rragnetlc
di sk. The recording nmedium i.e:, nmagnetic disk, holds information encoded
in the formof magnetic peaBfitohWYIReldRE Apfor mation capacity, or areal
density, of io the mediumis i%‘ﬁ_“h‘ég_trvthe transducer's ability to
sense and wite distinguishable transitions. An inportant factor affecting

areal density is th®hdistrags eapaditperid deiRrilRMBANERE ﬁf‘ﬁ'artdrtffﬁ Qﬁﬁésdhé\%

surface, referred to as the fly height. It i's desirable to

transducer ver jyngloQse sié?ad'ilﬂ%véﬁ b ta&fd@csa@ﬁ%@ﬁ&ﬁs%%' thi %rggéu“?&td'e%ands 0

fly height stability is achieved wth proper suspensi
12 the computer industry. These developments have been mainly fueled by

corresponding advances in the components of magnetic recording technology‘

and in electronic sophistication and miniaturization. In particular, magnetic

read/write recording heads and disks are capable of supporting areal data

storage densities typically ten times greater than they could ten years ago. Thisis
17 being achieved by higher track densities, higher linear flux transition densities and

lower recording head flying heights.

Data storage systems, such as disk drives, commonly make use of
rotating storage disks. The storage disks are commonly magnetic disks but could

also be optical. In a typical magnetic disk drive, a magnetic disk rotates at high

AR

*G00002*



) 1
i s loading and by shaping the air bearing slider surface (ABS) 26y J1J1 2004
~desirabl e aerodynam c characteristics. Spindle notors are conmonly used to
rotate magnetic disks at high speeds. Frequently, conventional spindle

" notors conprise small electric notors e%gipped wi th standard ball bearings.
However, electric notors having ball 20 4earings are known to experience

probl ens such gseadiaralia transsidiighéeahusdsadir prasspectaefiy” over dhertdp surfdoeosh

bei ng accessed fromdisks rotated by the notors. This is especially true as

e e el POTARRIFRNBNGYoRR RorRGiGT SR RIR BT |

storage densities. The point 1s now belng reac

however, where further advance e Likel e J nmpeded mechanpi cal
Constrai nte. | TRIERING aanaaie i on ieEal IodTarrs Fth PR TinalecRsan

hol di ng the stack of disks on account of the properties of the ball bearing
assenbl i es usely fetecting siagpstirationgidhe diskeHtare v iTBe Madedicidiskartace iaxi al
and radial axes ultimately lead to limtations in positioning accuracies
and si gnal - so- divided im atplaslityiof koncamdre iackse SBY orovigdhe drnsdpeing head radiblly
radi al accuracy directly limts the nunber of concentric tracks on a disk

on which data g@dsHehess e ¢l Rkl @eltvansatcinghedd can read intermatidneirom or
probl ens associated with ball bearing electric notors, io sone disk drive

systens now nakfidl 1i6h 86 WlfiefeiRiRks oY MY ohétd skydr odynam ¢ beari ngs.
Bearings of this e;J'f/'g)er[‘ﬁ;larIehsﬁO\r/vne ?rﬁqu. S. 0Pat ent gNos. % 427,546 to Hensel,

bear i hg typi cal |y 1 Ay LeedciB8 focn o FRBRE ik hdTed FAialin s 8eRATLY

hub to which netic di sks can be secured. There is is no direct contact
betvieen t he r of %iOHY o MAGHRICARSEART 1 NG R¥eaRalion £apaBRY. ke o) Gansich & uch
as air or oil forms a hydrodynam c bearing between the shaft and the rotary
hub. Hydr od¢natfiecmpdisgsigrdeteimipedpy e frangdusgueability tasguseiaad myite « .
pattern of grooves, commonly in a herringbone configuration, defined either
by the ext eri odistingdistablofranditorshafn ingrortamd factoreaffenting aréa aenetty isither ot ary
hub. During 20 rotation of the hub, the pattern of grooves provides

suf fici ent hydaResHRHwRES SR anddRcEiRatiEthelrecording sirtdcagrdfbited té as @ed fips a
beari ng between the shaft and the rotary hub. Frequently, capillary seals

i‘r e~used to rehaight.tlpe RadabRAoiflythé rBRENRRP vERLCIS the Mk dilie toQiriakc8ub.

transition detection. Some fly height stability is achieved with proper suspension

1

(&)

loading and by shaping the air bearing slider surface (ABS) for desirable
aerodynamic characteristics.

Spindle motors are commonly used to rotate magnetic disks at high
speeds. Frequently, conventional spindle motors comprise small electric motors
equipped with standard ball bearings. However, electric motors having ball
20 bearings are known to experience problems such as runout or vibration that can
prevent information from being accessed from disks rotated by the motors. This
is especially true as advancements in data storage technology have increased

magnetic disk storage densities.



4 Still, oil bearings have sonme di sadvant ages. For exanple) oil %gadl'jbszooll‘
consune nore power than ball bearings or air bearings. Furthernore, when

oil bearings are used in the journal bearing environnent, oil | eakage can

be problematic. s Wien used in association with spindle notors) air

bearings provide numerous advantages. Fd exanple, air bearings are nore
efficient and consiive pointis pawbeingreacked, howear, \whese furtlegs asivapres Begar i ngs.
Al so, air bearings are quiet and have excellent run out characteristics.

A r bearings ﬂk@pt@aé@ngeé@@b@mmeﬁmamnseamI b, partieutaiimitations wiigresuie
used in disk drive spindle ~o nmotors, it can be difficult or expensive to

oLl taneoust sioff e el haldiny thetSek GYdigts orfBecdupioRfHe Srp@rticsadtitAt )

bear i ng support. ction associate ust " oper ations

during notor t-up and s utdo can at &,e br i [e t he
efficiency of %@ﬁbeﬁﬂtﬁ%pssem 15 Y5 |f1>glrota;t|o?| L%‘éﬁﬂ% 'g%?(ioéﬁ béﬁfﬁ”}s 'ﬂl‘ﬁb@?@
space than either ball or oil bearings thereby providing |ess space for t he
is nmotor. H namai/an@radl@'@ﬁwﬁgn%tﬁw 'Q%t%‘ﬁﬂ'ﬁ%ﬁ'%ﬂ“ BP$iHRAING aceyaciesgnd
rotational speed applications. In the future, spindle notor disk rotation
speeds wil | stsm‘dl-tofnomerdasemtl*ﬁs;orﬁeqkemaﬁsszr storagreeafsaditias: ektweradidie

probl ens associated with standard oil bearings, air bearings and ball

bearings w || AzeGery dreety imeskhel entaasteortentric taokslona disk dendiidtydata
another trend in the industry. The conbination of increased disk rotation

speeds and i ngLa3sed Fe%cé}{djt'e'ﬂgblg?&ﬁb\t/éc?s Wil | reqw re disk drives to

gperate V\:}thhl rrprove run out characteristics. "'J ~~ L 2a0~t s StlIIb
used more trequent [ QUTenEe BT hEHGnE sBEUTREE ] ?%ai'sbe%r%&?e?@&b@?fﬁotm ’

serious problens wi,th air bearings is, the pro m of . ac debrls It
i s necessaty tREC flis dHlé%lFV‘ﬁﬁmlsdg’W wake use of ePecﬁ?cfmoggsﬁ;& jf dwith a

m ni rum s amount of | oose particles., Particles in the | ubricant Ny
originate f r orhydraslyeamieheatingsmBrarees ehihiplypgareshown bl -8 oRatent Nost ween
novi ng surfaces during operation. Cenerally, wear particles are generated
in the beari ngﬁ,&éé%cﬂtmHengelnﬁlﬁd6,2§TdetTifanmbsamb5,7Qﬁdi54ptar|cﬁli¢¢ms. exhi bi t
relatively jagged edges. Wear particles tend to generate when two nenbers

of differing har dnewsegemplhafidrodyreab bethey typaily incheksi ngatidyary shbfty
have a clearance of approximately 5 to 10 microns, particles in the

l'ubricant may @eivhRR iSR{dRmteta tdig bQBtv%lé’ﬁ% 466 dRKS BhR DAL RBUNRRT Tibre

groove patterns in the bearing and eventually |Iure of the bearing. Prior
t
Such ae o) I paaPBige P#f%&gqe;“?é%“ E*&?ﬁ‘f{“"f’@“ EL G L

2L cﬁ ng(r:? ;[ Icf)g u"licg s&gﬁa gs air or otl |fqorrﬂ (iirod?rpadmi% re%%%g % eerthhe sh'?aftadndd Eh' on,

L rotary hub. Hydrodynamic pressure or pumping is frequently provided by a
pattern of grooves, commonly in a herringbone configuration, defined either by
the exterior surface of the shaft or the interior surface of the rotary hub. During

20 rotation of the hub, the pattern of grooves provides sufficient hydrodynamic
pressure to cause the lubricating fluid to act as a bearing between the shaft and

the rotary hub. Frequently, capillary seals are used to retain the bearing.ﬂuid

between the shaft and the rotary hub.



traps have relied on global lubricant recirculation to nove par'fZi@Ik_é’éjU 004
tHe trap. However, these approaches are neither suited nor effective for
_controlling debris accunulation in air bearings. 20 It can be seen then

that there is a need for a method and apparatus for providing magnetic wear
debris collection for an air bearing of4a spindle notor in a hard disk
drive. 29 JUL 205t olbbbdidRs IGveTidme MisENVarthpga® borexsonglet biébeaningsat i ons
in the priof art described above, and to overcone other limtations that

wi Il becone apgmsaite Mbw?é\ﬁéﬂlhaﬁ_b%m%eﬁﬂd§§ 6t ainBeatndd eFwtRsaitie, when oil
specification, the present invention discloses a nethod and apparatus for
provi di ng nmag j j :0l i fQr . I j spi ndl e
~notor in a ha%d&{ﬁgﬁ%ﬁé ng&HAt@ggQth ﬁgﬁ‘%"ﬁm& ﬁv;r@&n%é%gﬂ?@%@a@%hégq t?Fventi on
there is provi deﬂ an air bearing debris collector conprising a nagnetic
debris col | ectR"OR'®MaH§- di sposed on a surface of a base forming a plane
orthogonal to a spindle shaft, the magnetic debris collection ring further
bei ng di spoged at afhepaseddn assagiatigniwittoshindle npetars, g earings prewds on of
wear debris flowing fromthe opening. O her enbodiments of a systemin
accor dance wi thiurhémupradvantalges. 6br exampley einbiearingmgre moteidfficiint andat i ve or
optional additional aspects. One such aspect of the present invention is

that the air j&iHsOfe B8 pbWer tHad! dither ball BBarinds cﬁttﬁlfmeingé.hm@%irmaﬁugé ace
of the air journal bearing conprises a paramagnetic material. Preferably

the afr journaychamdi dith HdVel dideRort (i blt\ha et ASts. AIPLERTJIGISYRbAES Of

the air journ bearing conprises a ferromagnetic mater According to

anot her aspect .of ,the invention there is_. i ded i,ndl Qr., .
conprising: a Wﬁ?)d\f?é\%glegs' torle%s&p'%r@%aﬁég%{']én%r%e%rgrl%fgﬂgg 8%&@?&&58&%%
thereto; a stator for selectively rotating the hub gnd at | east one
magnet i ¢ r dBor ROtRYSdf §RN Be HQHO’%/@‘HGHé'VﬁG%?' ?@QQQU;}%P@{%B? i thgst fe9nhub
and stator; a journal bearing, coupled to the hub, for radially supporting
the hub, the j@aalb\andmnalr(g-gaéamgl?maﬁmg st nfylso sslidinaufsictioeassasipted
coupled to the hub, for providing axial support to the hub; and a magnetic
ring, di sposedwith thirhst dissetignsxdusinganadtor stazium and shotsdbwoi canwereateanear ddbrishe
hub and in a gap proximate the journal bearing, for collecting wear debris

Tat i ng. Sur Pace L R e e O TG |

‘paramagneti ¢ nR{E 5Bhce than either ball or oil bearings thereby providing less space for the

15 motor. Finally, air bearings are typically not effective for low rot‘ational speed
applications.

In the future, spindle motor disk rotation speeds will steadily increase. As
disk rotation speeds increase, the problems associated with standard oil beafings, '
air bearings and ball bearings will become magnified. Increased disk recording

20 density is another trend in the industry. The combination of increased disk

rotation speeds and increased recording densities will require disk drives to

operate with improved run out characteristics.



29 JUL 2004 Preferably the journal bearing includes a mating squ@cSngJ2804
mati ng surface of the journal bearing conprising a ferromagnetic nmaterial-
~ Preferably the thrust bearing conprises an air bearing. Preferably the

t hrust bearing conprises an oil bearing. According to another aspect of the
invention there is provided a disk drivé, conprising: at |east one disk for

recordi ng and readigg) #a . ‘ upled to the at | east one
di sk, for rotating ?ﬁé a%gﬁjéeé;@tﬁg%gs |'5sr@;3c%{vaﬁ%§§§ GiTUSsRAAbQNes g hegrings
proxi mate the gt .l t, ane di sk for iting and reading data to and from
the at |east o‘ﬁ'ﬂbﬁﬁ@f’ 'ﬁﬂrrf ﬁﬁq%‘eﬁ'&&?ﬁﬁe taiingsrand is increagndddOne of Hee miore

| east one head, for mpving the at |east one head relative to the at |east
one di sk; wher¥'RU$ RECkipME With ait bearingsripthespreblem bfiacaonplbted debrishet igt

| east one disk; a stator for selectively rotating the hub and at |east one

di sk at t ached nesess$ayy tht;the bbasieg lubricantpey &ir Mk tlfhtBMBd W a'shﬁﬁiﬁw a
journal bearing, coupled to the hub, for radially supporting the lTan t he

jour nal bear | mnéueiag 6S8oaiart e Palilcd i Hid bR hADoSRMR. ol e, "1

for providing axial support to G the hub;

t he base j uxt r j nf.erence of the hub and in a gap
proxi nat e theqﬁﬁgﬁm}eﬁ%%?gg? %?’Factg{j ?’gtéppf?ﬁ?&@ﬁfe%ﬂ"é‘g&éﬁé?%ﬁ dering t he
air bearing. i n apot her aspect of the invention there is provided
a net hod for ?ﬁ%\%tg}nng?'%ﬁegrﬂ&’iv@%Qﬁ% egensratedin the besringraraas dudrag i ng
of a spindle notor in a hard disk drive, conprising: providing a spindle
mot or conpr i siHYOLS ,nJ;?tBQi PURB PaHiclgs exbént ietagivelyrjaggédbedged. Weari ng
radi al |y supporting the hub; positioning a magnetic debris collection ring
on a surface 8frtiglastendite ganeratawpkaneoanembesna differirg sardnsdsesdanidot t he
magnetic collection ring further being disposed at an opening of the air

bearing; aid eagd ofhidr. Bk béarings typically have a clearance of approximately 5 to 10
microns, particles in the lubricant may act as abrasive ingredients and cause
accelerated wear of groove patterns in the bearing and eventually failure of the
bearing.

Prior art approaches for providing particle traps in hydrodynamic bearings,
15 such as oil bearings, have placed such traps in the recirculation port and at a
location far away from the journal and thrust bearings. In addition, such particle

. traps have relied on global lubricant recirculation to move particles into the trap.
However, these approacheé are neither suited nor effective for controlling debris
accumulation in air bearings.

20 It can be seen then that there is a need for a method and apparatus for
providing magnetic wear debris collection for an air bearing of a spindle motor in

a hard disk drive.



as the notor is activated to spin the spindle and disk, accu [
debris at the magnetic debris collection ring. These and varﬁgg @ﬂhéﬂfﬁ%
advant ages and features of novelty, which characterize the invention, are
poi nted out with particularity in the clains annexed hereto and forma part
hereof . However, for a better understanding of the invention, its

advant ages, arid the objects obtained by its use, reference should be nade
to the drawi ngs which forma further par t hereof and to acconpanyi ng
descriptive matter, in whi cPRYMM QF THE INVENEIONKd descri bed specific
exanpl es of an apparatus in accor dance with the invention. 29 JUL 2004 9
BRI EF DESCRI PTI ON OF THE DRAW NGS Referring now to the drawi ngs in which

| i ke reference Towveesomerthligdtatiénsa thesriveneidegerived tabotd) and gheweiconkd gtherl
illustrates a hard disk drive {HDD) including disks according to the s
present i hiiftioanthatwl beromeiageareriiupen seadBiecindendeisendipedhy BEstthe nmot or
accor di ng ¢ é‘? eifidlfioR! RE Pétse @Xx?eﬁglbﬁgﬁclﬁk&axﬁetb&& h&?&é@%ﬁaﬁu@fo? fb%?dlﬁg view of

t he not or ure a cor resent 1 nvention g. 4
illustrat Gnsagaetﬁd ®earcedris c@fectlbnefmhhﬁdaeﬁmrg of oapiiet 1o notmgnathand deladridebri s

collection for an ajr beaging of a spindle notor in ard disk drive
according to tH¥cpidiagier ﬁrﬁwﬁ@qt@ﬁthegnventlog t}Q’r?JlSLHr?VIg?g@lBE 2qTineryeoris

DESCRI PTI 4 bt L onrtle dAGasxenpl ary
enbodi rren?)c\)llrge% eérder#ce |s|\£rﬂl%&eh@dw}ﬁe&2%%tg)\rfrﬂp yi ﬁﬁﬁ%ﬁ avmhggs&{ehat aorm a part
her eof ) arforning aiplake orthogdmivo bspivdy stoit, tHeIm@mead: dchnstdmﬁe@pnmrfg further

enbodi nent in which the invention .nay s be practi S be .

(inder st oodel A ROEibe A8 ABERIT R L it b e o bt LR EPTE ALNiES rray
be made Wigdote feRAgti ng fromthe scope of the present invention. The
present invention provides a nethod and apparatus for providing nagnetic
wear debris colQthetdnahodiroentanf zasystebealracn@;d@tfcewﬁpihn@mcmw theningetiond i o

di sk drive, ent,.. i nventi o netlc [i ear end of
the ' our ndropaaiRhEREHaye D SRl AT aRh S el "TREShatiaree N Ra B et
wear debr iigvefitieh & th@thé Qir jdiend) ®ashd 1§&uﬂé’staerhf1tﬂfgesurfﬁbé th@fniatiflg Sufdcacetef the
air bearing is paramagnetic or ferromagnetic material. Fig. 1 illustrates a

hard di sk agripyaal hpNg cOopiises R parampsipiisatends 1188
Preferably the air journal bearing includes a mating surface, the mating surface of

the air journal bearing comprises a ferromagnetic material.

According to another aspect of the invention there is provided a spindle motor,
comprising:

a hub having at least one magnetic recording disk attached thereto;

a stator for selectively rotating the hub and at least one magnetic recording disk
attached to the hub;

a base for supporting the hub and stator;

a journal bearing, coupled to the hub, for radially supporting the hub, the journal
bearing being an air bearing;

a thrust bearing, coupled to the hub, for providing axial support to the hub; and

a magnetic ring, disposed in the base juxtaposed to an outermost circumference of
the hub and in a gap proximate the journal bearing, for collecting wear debris generated by
the air bearing.

Preferably the journal bearing includes a mating surface, the mating surface of the

journal bearing comprising a paramagnetic material.



is according to the present invention. The HDD 100 i ncl udes a di
a hard disk controller (hereinafter referred to as HDC) 130. The?ggi %ﬁb:féjﬂlf
has a notor 114 for rotating a shaft 112 at a high speed. A cylindrical
support 116 is attached to the shaft 112 so that their axes are in

coi nci dence. One or nore information recording disks 118A and 118B are
mounted to support 116. Magnetic heads 20 120A, 120B, 120C and 120D are
respectively provided to face the disk surface, grad these nagnetic heads
are supported Preferably theiawsnabbearzy ingludescanaling syefaep she mapnppsuriase of thend
122D, respectively. The indivj .G heads 120A to 120D receive the
drive for %ur?arl\éﬁgrﬁx%%oﬁpqs% %ﬁ’ﬂ?@gﬁ%@%ﬁ&tgﬁgm devi ce 128 by 2 ~ ~1 UL
200g 11 , a sh@kdferbBE Ao thrinbairasy @hgitises fcaibakingl26 as the axis of
rotation, and fly over the disk 118 to a predeterm ned position. Fig. 2

il lustrates a metferagbtthe fleust praipeorommisen#t ot besi®8accor ding to the present
invention. In Fig. t Locl r ’ NLNg a s
plurality of disk 2%ﬁfcér@gnrértg(f%t}?ég%f%&%{ﬁ%qﬂn@tlf%ﬁ%rgmrgaﬁpg%g%lgs}{m?l\g%hti on
about an aumpridin®. A stator 230 is nounted inside the hub 210. The stator
230 includes a core 232 and arnmature w ndings, K 234. An air gap 240 is forned
bet ween the core 232! kad onadiskderigeerdimg and Grdingdabpiheeodyo ™ Typically, the

armature w ndi ngs afa%é}‘aﬂ' c&'rﬁlecpico thB &t 185 o84 GisRNr Wﬁﬁ%ﬁ%\%}l}a@sﬁ%ﬂgg !

supply of the disk io dri've via a notor control circuilt e hard
di sk controller 130 aakashawheaddibpaged froxirhate thean iaast drertdgsk foe wrivingtandn  of

the hub 210 and, associ,ated di sk 214. According to the present invention, a
j ournal b&sAdiHElast a&f@mna&ﬂ aéllfFaéti‘?netﬁﬁs}rF for radially supporting the hub

210. A thrust beari g ,2R2t0PhRY h8mbBX LalpI&IHBRRY 4t 184st bAehdadbroaamchviBymbe an
air bearing or an oil bearing. The rating is surface of the air bearing 250

conpri ses ablepstoamhgatbrelative to therat leastopnediss; naterial . A magnetic ring 260 is
positi oned near one q%d.o thet ajr . bearing 250. The magnetic ring 260

col l ects wear debrig 6"2“85&8?8 ﬁr‘&thﬁv"’[‘?}’é%s T bearing 250. Fig. 3
illustrates a cl ose-up Viagifb@buplb®tomt af lesdtoHetisgke 300 according to the
present invention. In Fig. 3, a gap 380 exists between the hub 310 and the

20 base 382 having the nagidenfer sdlesgvelsaotating thisdubiand ableast oppdisk aftachedepr i s
384 accun% f’hte%[% at the magnetic ring 360 thereby preventing wear debris
from reachi ng Ré head/ di sk interface where the debris 384 can cause a head
crash. vV, , 2~ J U labaedfot Bugpostingdthe hiusitd ethtes a fl ow chart 400 of the
met hod for providing magnetic ar, debris, coll %cti on for an air. bg%tri ng of

a spindle motor in a hardJEVER RFRTIDE caelled B the bl PREdRISEPROTHAG Bst i on. A
0L TALSUFRIBI SR, Lendigy de0 H10. 0l 1 beari 13 provide
a thrust bearing, coupled to the hub, for providing axial support to
the hub; and
a magnetic ring, disposed in the base juxtaposed to an outermost
circumference of the hub and in a gap proximate the journal bearing, for collecting wear
debris generated by the air bearing.
According to another aspect of the invention there is provided a method for
providing magnetic wear debris collection for an air bearing of a spindle motor in a hard
disk drive, comprising:
providing a spindle motor comprising a hub;
providing an air bearing for a journal bearing radially supporting the hub;
positioning a magnetic debris collection ring on a surface of a base forming

a plane orthogonal to a spindle shaft, the magnetic collection ring further being disposed at

an opening of the air bearing; and




S positioned in a position relative to the air bearing 430. As _ o]
activated to spin the spindle and di sk, debris accunul ates at t%thggLengz

ring 440. The foregoi ng description of the exenplary enbodi nent of the

i nventi on has been presented for the purposes of illustration and
description. It is not intended to be exhaustive or to limt the invention
to the precise formdisclosed. to Many "nodi fi cations and variations are
possible in light of the above teaching. It is intended that the scope of
the invention be |i mbthednetet iswctivatecdhiospinethe spindie @ad diskptacumulabiae weat her by
t he cl ai ed hereto, .E 2 ~.J U~ 2004 -13 WHAT IS CLAIMED IS: An
air beari gﬁggﬁgﬁgn@nggéggysg%ﬁg?@g?wﬁ a magnetic debris collection ring
di sposed on a gyeiifd Wkiods BBsCadvaritiiddGna feinaBeoNidveRgonith tRardctedicnle e
shaft, the magnetic debris collection ring further belng disposed at an
openi ng ofinventian.rarg peinisdloubwith ipagicrleritycis|thedpimsrnaexsidieretd @pd fanYa B ng
fromthe ening, 2. The ali ear | - LS .col L.ect. i erein
the air | OBRAL ugvsrnls” el udBEb e RE R PR e e diPace "ot
the air j obfddalobbemdd BigitLRRPrfEate ahdal BEBGAEtd e MBdvEhp@hicB.forfhe fgtier
bearing debris collector of claiml1 wherein the air journal bearin

i ncl udes ®arhderead asd g acemperyEngdescriptivumpties eingrhiehthegg grejilbystnated aﬁgar i ng
conpri ses fer et ter| i Dt Q. ,; ising: a hub
havi ng at dgsecgg’l? : gé%%r:caggﬁg}p?% 0?3%0 Qﬂrf}‘]“g‘s@.%%@?’%%c edelteﬁré‘%gﬂtﬁg{l' a stator for
selectively rotating the hub and at | east one magnetic recordi ng di sk
attached to the hub; a base for supporting the hub and stator; a journal
bearing, coupled to the hub, for radially supporting the hub, the journal
bearing being an air bearing; a thrust bearing, coupled to the hub, for
provi di ng axi al support to the hub; and a magnetic ring, disposed in the
base juxtaposed to an outernost circunference of the hub and in a gap
proxi mate the journal bearing, for collecting wear debris generated by the
air bearing. 12vJ UL 200 14 5. The spindle notor of claim4 wherein
the journal bearing includes a mating surface, the mating surface of the
journal bearing conprising a paranagnetic nmateri al



6. The 'spindl e notor of claim4 wherein the journal bearing inclgctﬁs @LSZDU
mati ng surface) the mating surface of the journal bearing conprisi gJ lf‘
.~ ferromagnetic material. 7. The spindle notor of claim4 wherein the thrust
beari ng conprises an air bearing. $. The spindle notor of claim4 wherein
the thrust bearing conprises io an oil gearing. ,~ 20 J UL- 2009 -Is

9. A disk drive, conprisin 3R Fb ' gﬂié{ﬁé recordi ng and readi ng
data thereon; a notor, cou?ﬁrﬁmv IN rotating the
at | east one di sk; r’gtf | east one head di sposed proximate the at |east one

di sk for witing ard® O MY uthe drawings in mdiiaht like refercres humiberdlicpfes@d an
actuator arm assenbly, coupled to the at |east one head, for noving the at

| east one hea(fqr'@sﬁt)i‘@@gﬂ)@rtﬁI’d@maghdutast one di sk; wherein the notor further
conprises: a hub coﬂggl ed to the at | east one disk; a stator for selectively
rotating the hub arfig.at ilistestes anerdidik ' i .. a base for
supporting the hub and stator; a jour nﬁ%ggri d'ﬁa%%ﬁgldg%gtagc? %t?ot?]ef or
radial |y supp@résergiriveatintb, the journal bearing being an air bearing; a

t hrust bearing, coupled to the hub, for providing axial support to the hub;

and a magnetic ringyd j he, base j.uxt aposed to an outernost

ci rcunference of t%ég'%u@&’gﬁagg?lﬁQ‘&‘E'Sa‘lﬁ“?‘iﬂ%&‘}'%toz?h%@qt@mardirm@mtheg, f or
col | ecting vveﬁpe%ﬁg{i S generat ed by the air bearing. 10. The disk drive of
claim9 wherei'n ']VSU Y4 beari ng includes a mating surface, the mating
surface of the jouhnal " bearing conprising a paramagnetic material. 11. The
di sk drive of clai fi® 8tes 2 Rlosp-aiprview otz mator SUEIctNE BicBo g Rhe
surface, the mating surface of the journal bearing conprising a
ferromagnet i cpmeé?lnaenﬁomandhe disk drive of claim9 wherein the thrust
beari ng conprises an air bearing. 29 JUL 2004 -16 13. The disk drive of

claim9 whérein thEig Wrilistratiscd A6 CRARIITHRE HetibPidr ppc?\ﬁcﬁiing%'\agnetic wear

debris collection for an air bearing of a spindle motorin a hard'disk drive

according to the present invention.

+¥#



14. A nethod for providing magnetic wear debris collection for a f}kjg] ZOU
bearing of a spindle motor in a hard disk drive, conprising: providin
spindl e notor conprising a hub; providing an air bearing for a journal
bearing radially supporting the hub; positioning a nagnetic debris
collection ring on a surface_of a base ﬂanlng a plane orthogonal to a
spindl e shaft, the magnet RETAILEB-DESERIPRION OF A¢tE INVENTIONposed at an
openi ng of the air beari ng; and as the notor is activated to spin the

spi ndl e and di sk, dadhertdllewinpdesmriptiorebf the étenpigryrarapedinend@Bfdrénce is
collection ring. 1 S. The nmethod of claim 14 further conprising providing a

mating surf acemh@e k§thd Atdha aaw.rgg tﬁam?mraagﬁhbpe ﬁqin%h. %%t hThe

met hod of claim 14 further conprising providing a ace

ournal conpri rraterlal of claim 14
{‘urt her CO?];I’ISZ]O% @FB’% ﬂ@gﬁe‘mtﬂs pB@'ﬂFPH&Q@“&QF‘QIﬁ% a%&]?dBY‘?“t'Pﬂé"%b
aA2~~a~ 20~~ ﬁ:}r thod of claim 17 wherein the thrust bearing
conprises ah % p'@é’&?"r‘ It 'sstolblﬁ U'“I‘I’%SWB?H%F hercembadiyents rayibe viliged msust
bearing conprises an air bearing. .
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recording disks 118A and 118B are mounted to support 116. Magnetic heads

20 120A, 120B, 120C and 120D are respectively provided to face the disk surface,
and these magnetic heads are supported from an actuator 124 by access arms
122A, 122B, 122C, and 122D, respectively. The individual magnetic heads 120A

to 120D receive the drive force transmitted from an actuator drive device 128 by
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5 plurality of disk 214 mounted thereto. The hub 210 is mounted for rotation about
an axis 220. A stator 230 is mounted inside the hub 210. The stator 230 includes
a core 232 and armature windings 234. An air gap 240 is formed petween the
core 232 and the surface of magnetic poles 242. Typically, the armature
windings are led out of the hub 210 and connected to a power supply of the disk
10 drive via a motor control circuit (which may be hard disk controller 130 as.shown
in Fig. 1) for controlling the rotation of the hub 210 and associated disk 214,
According to the present invention, a journal bearing 250 provides an air
bearing for radially supporting the hub 210. A thrust bearing 252 provides axial
support of the hub and may be an air bearing or an oil bearing. The mating
15 surface of the air bearing 250 comprises a paramagnetic or ferromagnetic
material. A magnetic ring 260 is positioned near one end of the air bearing 250.
« The magnetic ring 260 collects wear dgbris 262 generéted by the air bearing 250.
| Fig. 3 illustrates a ciose—up view of the motor structure 300 according to
the present invention. In Fig. 3, a gap 380 exists between the hub 310 and the
20 base 382 having the magnetic ring 360 attached thereto. Thus, the debris 384

accumulates at the magnetic ring 360 thereby preventing wear debris from

reaching the head/disk interface where the debris 384 can cause a head crash.
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15 ) A ) TG SR st
10s @ 109B& (3 }gégﬁ‘p?gsented for the purposes of illustration and description. It is not

intended to be exhaustive or to limit the invention to the precise form disclosed.
10 Many modifications and variations are possible in light of the above teaching. Itis
intended that the scope of the invention be limited not with this detailed

description, but rather by the claims appended hereto.
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1. An air bearing debris collector comprising a magnetic debris collection ring
disposed on a surface of a base forming a plane orthogonal to a spindle shaft, the magnetic
debris collection ring further being disposed at an opening of an air journal bearing for

collection of wear debris flowing from the opening.

2. The air bearing debris collector of claim 1 wherein the air journal bearing
includes a mating surface, the mating surface of the air journal bearing comprises a

paramagnetic material.

3. The air bearing debris collector of claim 1 wherein the air journal bearing
includes a mating surface, the mating surface of the air journal bearing comprises a

ferromagnetic material.

4, A spindle motor, comprising:

a hub having at least one magnetic recording disk attached thereto;

a stator for selectively rotating the hub and at least one magnetic recording disk
attached to the hub;

a base for supporting the hub and stator;

a journal bearing, coupled to the hub, for radially supporting the hub, the journal
bearing being an air bearing;,

a thrust bearing, coupled to the hub, for providing axial support to the hub; and

a magnetic ring, disposed in the base juxtaposed to an outermost circumference of
the hub and in a gap proximate the journal bearing, for collecting wear debris generated by

the air bearing,.
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. 110% U& () - , Z210% W& () -The é&or{?ile motor of claim 4 wherein the journal bearing includes a
mating surface, the mating surface of the journal bearing comprising a

paramagnetic material.

6. The spindle motor of claim 4 wherein the journal bearing includes a
5 mating surface, the mating surface of the journal bearing comprising a

ferromagnetic material.

7. The spindle motor of claim 4 wherein the thrust bearing comprises

an air bearing.

8. The spindle motor of claim 4 wherein the thrust bearing comprises

10 an oil bearing.
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at least one disk for recording and reading data thereon;
a motor, coupled to the at least one disk, for rotating the at least one disk;
at least one head disposed proximate the at least one disk for writing and
reading data to and from the at least one disk, and
an actuator arm assembly, coupled to the at least one head, for moving the
at least one head relative to the at least one disk;
wherein the motor further comprises:
a hub coupled to the at least one disk;
a stator for selectively rotating the hub and at least one disk attached
to the hub;
a base for supporting the hub and stator;
a journal bearing, coupled to the hub, for radially supporting the
hub, the journal bearing being an air bearing;
a thrust bearing, coupled to the hub, for providing axial support to
the hub; and
a magnetic ring, disposed in the base juxtaposed to an outermost
circumference of the hub and in a gap proximate the journal bearing, for collecting wear

debris generated by the air bearing.

10.  The disk drive of claim 9 wherein the journal bearing includes a
mating surface, the mating surface of the journal bearing comprising a paramagnetic

material.

11, The disk drive of claim 9 wherein the journal bearing includes a
mating surface, the mating surface of the journal bearing comprising a ferromagnetic
material.

12. The disk drive of claim 9 wherein the thrust bearing comprises an air

bearing.
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13, The disk drive of claim 9 wherein the thrust bearing comprises an oil

bearing.

14, A method for providing magnetic wear debris collection for an air
bearing of a spindle motor in a hard disk drive, comprising:

providing a spindle motor comprising a hub;

providing an air bearing for a journal bearing radially supporting the hub;

positioning a magnetic debris collection ring on a surface of a base forming
a plane orthogonal to a spindle shaft, the magnetic collection ring further being disposed at
an opening of the air bearing; and

as the motor is activated to spin the spindle and disk, accumulating wear

debris at the magnetic debris collection ring.

15.  The method of claim 14 further comprising providing a mating

surface to the journal comprising a paramagnetic material.

16.  The method of claim 14 further comprising providing a mating

surface to the journal comprising a ferromagnetic material.

17. The method of claim 14 further comprising providing a thrust
bearing to axially support the hub.
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