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11 1 MAY 2006 WO 03/044790 PCT/ US02/ 36579 Hi gh Adhesi on, War Resi st ant
Coatings For Spindle Motors In Disk Drivel/ Storage Applications
Cross- Reference To Rel ated Applications This applicatiof]cl MA¥s2086nefit of

Uni ted Sta{yessRkilyd Sional patent application 5 serial nupber 60/ 332,490,
filed November 16, 2001, which is herein incorporated by P@Z‘fsg?/%ﬁ?e.
Background O Invention Field of Invention The present invention relates to

the field of hydrodynag. ors far disc.driv 10 dat a storage devices
and, nore particul arl yE'ﬁ%%?Bl%l%eM smﬁ%ﬁ'@gﬁf%re beari ng
surfaces having a wearl: [ C i reon., Background Art Disc drive
data storage devi ces%bki@W‘ggpéWQ%%eé&éjggrﬁﬁg Qﬂfgﬁ’a PhSes, are

vel | - knowgrdds-hbfe éﬂgé'ﬁ)rﬁ/elafe% ' QQ% ter disc drive, digital data is
witten tmﬁg—m—hvwm-&ﬁl{éﬂyér of magnetizable material on the
surface of rot@d ISCS. kLt r ratiLons.ar rforned. through
a transducer t-ﬁgéf aFg@ggﬁﬁicéa!ﬁnlbnb%gﬁgﬁd?fc}g@fjqug@é‘é ?ﬁ’é’ ' qqagé’ggé‘gﬁpg'?%%ucer
are sohet $efigs nuwbee60/338/490r filed Naember 46, 200achich &nkerelrpincarbbiatéd Bjyngl e
head is lafed with each disc surface. The heads are selectively noved
under the control of electronic circuitry to any one of a plurality of 20
circular, concentric data tracks on the disc surface by an actuator device.
Each sli ck dj emtiom sel f-acting air bearing surface. As the disc
rotates, the disc drags air beneath the air bearing surface, which

devel ops Field ofilnMentiomce that causes the slider to lift and fly several

m croi nches above the disc surface. In the current generation of disc drive
products, t he Thedresenhinveniion salates ypthe figtd of hydrodyatanic motarsifot disy driveyi ng

coi | @ct ypkon \ I Re VES:: ically mounted in a "stack" on
the hub strqg%oagégggbggﬁrushﬁﬁé @“’g{ﬁrh}d?{g arTgP' ﬁl_e gor Vith QPP M MO%eed of
t he spi ndlearingsurfades having a elegr msistamicbatihdtherssrnr drive circuitry, which
controls both the timng and the power of comutation signals directed to

the -1 Background Art

Disc drive data storage devices, known as "Winchester" type disc drives, are
well-known in the industry. In a Winchester disc drive, digital data is written to and
15  read from a thin layer of magnetizable material on the surface of rotating discs. Write
and read operations are performed through a transducer that is carried in a slider
body. The slider and transducer are sometimes collectively referred to as a head,
and typically a single head is associated with each disc surface. The heads are
selectively moved under the control of electronic circuitry to any one of a plurality of
20  circular, concentric data tracks on the disc surface by an actuator device. Each slider
body includes a self-acting air bearing surface. As the disc rotates, the disc drags air
beneath the air bearing surface, which develops a lifting force that causes the slider

to lift and fly several microinches above the disc surface.

In the current generation of disc drive products, the most commonly used type

25  of actuator is a rotary moving coil actuator. The discs themselves are typically
mounted in a “stack” on the hub structure of a brushless DC spindle motor. The
rotational speed of the spindle motor is precisely controlled by motor drive circuitry,
which controls both the timing and the power of commutation signals directed to the
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11 MAY 2006 WD 03/044790 PC P/ US02/ 36579 stator w ndings of the notor.
Typi cal spindle notor speeds have been in the range of 3600 RPM Al though,
current technol ogy has increased spindl e notor speeds to{ VMAY @80 10, 000

RPM 15, 00Q oMbl above. One of the principal sources | se in disc
drive data storage devi ces is the 5 spindle notor. Di scOlIcFrT?'gs 2136579

manuf act urgrs have ref nt OOkI repl aci ng conventional ball or

be
rol ler beSRIHQUNARGE 9 gVB'CQHFW‘ %m%spﬁé% have beenrrthgsange of

hydr odynags00 cnPMydAmsdugw %uheﬁf tdttifolody meer.ﬁehéaaéfa R inflor gééeec‘r'é gn @
fluid fllmoqwﬁ%F’éE separates the bearing surfaces an |s t heref ore nuch
n

qui eter ahf 0 RRMs 16 ORERRMangiabeme. t han conventional bal |
bearings. A hydrodynam c bearing is a 10 self-punping bearing that

generates a prengf thd phiipkd!sblirdes dmo&re% HidcGrivel 44 Q sftdrkgé debitad %tfhgn

hydrostatic bearln requi res an external pressurlze flu ource
mai nt al n SR8 lF9I ’E?PH” s pjae sfive Mmameaeturers hae iresertiythagun lobkingerrreplgcingr f aces

W thin T e ERRGhA e e e e SBREle (ROREF Wi -APle” BEdiTers SUeh Rates
occurs. lBYdfﬁdwaWdroo@ydl@matIClh&armgg Achyidodidyinaatic bgamngreiesbngaﬁuualfml des a
beari ng ona r of, the housing
and a rota {(:hgéé%raren%er O?ea{rﬁfg %}S@dc@% dnd '?3%?'8&“"”?}}&"\ Eléfﬁf anddn @egeil|  or

f er r omagnkasg lovsfdrmntﬂatnonsl—tyldnmdyyme:mnmabball baam@pr A drd®/naaRé bearisg sl @CG
over Iaol a ball bearjing assenbly

EL sulrf %@t n‘garl son Wt
whi ch co% “RYBPIAg '89 ? %"c‘ﬂ‘?‘f? R PmSéP%@éegnannt%maénta@s ?afbl'(éfllﬂécause
the i ncr esepedatiomar AﬂWcﬁé&tét‘r&Qedﬁfg{ ?&fﬁfgs HPBRbMaP gfrééé‘%rn? et Y5fte tt(?l i d,

rotating and fixed nmenpbers )resence ubricating

in converDRHN th?/dl“l?d?‘?%’@" b&ﬁ'@th@ metier betwagnothe, bearing eunfaces iBua f aces
are stil |hﬁiﬂéﬁﬁﬁhlé DoAY cAUSa 5 erft tﬁﬁs&ﬁgrs %Eﬁrgg@%tgﬂttﬁﬁﬁmﬁea” ng

surfaces gradual |y changes over t et1 nme of ten in
a manner ’Wai“chéh&fdlom bﬁmﬁﬂndbe beaengnsafaqeg osousaces. This results in
reduced performance and eventual failure of the disk drive. Additionally,

o0 3.0 O R ea, ESEilng 9 Ghd BB LM,

the bearing surfacCes s also re e ex sts
the art fsywfage Hedwerry fariexamplei @ dtationary member of the housing and a rotating

member of the disc hub. Typical lubricants include oil or ferromagnetic fluids.
Hydrodynamic bearings spread the bearing surface over a larger surface area in
comparison with a ball bearing assembly, which comprises a series of point

20 interfaces. This is desirable because the increased bearing surface decreases
wobble or run-out between the rotating and fixed members.

Despite the presence of the lubricating fluid, in conventional hydrodynamic

bearing spindle motors, the bearing surfaces are still subject to continuous wear. As

a result, the gap between bearing surfaces gradually changes over the lifetime of the

25 device, and often in a manner that is not uniform across the bearing surfaces. This

results in reduced performance and eventual failure of the disk drive. Additionally, for

a gas lubricated hydrodynamic bearing, low frictional properties for the bearing
surfaces is also required.

Therefore, there exists a need in the art for a hydrodynamic fluid bearing

30 surfaces having improved wear resistance as well as low frictional properties.
-2-



30 surfaces having inproved wear resistance as well as low frictional
properties. -2 | 1 MAY 2005 WO 03/ 044790 PCT/ US02136579 S er % o

I nvention The disc drive data storage system of the present MAY <2006 on

i ncl udes awkpyR having a central axis, a stationary that is
fixed with res;ﬁ))é@tgoto the housing 5 and coaxial with thep(gglrlﬁof/é?”%xi s, and
a rotatable nenber that is rotatable about the central axis with respect to
the stationary nenber. A stator is fixed with respect to the housing. A
rotor is SuppuarncOf lnwvenhienr ot at abl e nenber and is magnetically coupled to
the stator. At |east one data storage disc is attached to and i s coaxi al
with the rotaTbédiscrdtivd eata sQodargdrsgdtyenani thelpeesent hveation wigiudes atousingnar y
menber to t ab e rodyna c _bearing includes  at

| east onehégpé%ﬁénqéilaf‘ﬁcé qqag W@ E?’ég?%'?afﬁ? kY F%Qe?mrt@ﬁmw&ngef
Descri pt i and Coakiakwiti @se Sshtiahakis! S6d HEBRRADIE 'Pné’H%é‘r"théthi@ BRtMSe aﬁBPlt t‘ﬁg

esent invention are attai ned and can be unders

f eat f ot
dgii a:JIr o 8?1'3}‘32 aﬁ%r Witk respechinstbe; stationary mempert b statardatfixed withr lrespegt to

f which
summar i zetheahoiding. X rBﬁ;rh@%uWofté‘é nyeﬂféerété’tabféepoﬁ[?é nOr[BE(!;ét ?rmg,\g{/peqﬁ I C

are |Ilustrated in the a&snded raw ngs t hat
t he appen@4Pled tadhagdator. | ea%ttoeemtq/swecmc iscattastiedbnasd &f cdalxias with

for the | heeodaSie mEmBLer A Arobihdiic 38aThd Tofpies: o stalfsanr msmest 180 ki
1 is ¥t ofheptaatabicemenibes. The chydirodymadit dearing docludey iat dehst @& WdtRAGE Wi th
the prese t I.S,.a sectional view of a hydrodynam c Dbeari ng
spi ndl e é‘%rfdrcg&ﬁﬁ’ %%ﬁ Eegﬁ‘;‘gag‘%\gpﬂtpqﬁg sent invention; FIG 3 is a

di agrammati c sectional view of the hydrodynam c bearing spindle 25 notor

t aken aloﬂg_tﬂmw 2, with portions renoved for clarity; FIG

4is a close\Mé) view of FIG 3, show ng wear resistant coatings fornmed on
one or nore kithe ther maneer df  which hiper ablgveamecitede featurgs ointhe: Present

invention are attained and can be understood in detail, a more particular description

15 of the invention, briefly summarized above, may be had by reference to the
embodiments thereof which are illustrated in the appended drawings.

It is to be noted, however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to be considered limiting of its
scope, for the invention may admit to other equally effective embodiments.

20 FIG. 1 is a top plan view of a disc drive data storage device in accordance with
the present invention;

FIG. 2 is a sectional view of a hydrodynamic bearing spindle motor in
accordance with the present invention;

FIG. 3 is a diagrammatic sectional view of the hydrodynamic bearing spindle
25  motor taken along the line 3—3 of FIG. 2, with portions removed for clarity;

FIG. 4 is a close up view of FIG. 3, showing wear resistant coatings formed on
one or more working surfaces of the hydrodynamic bearing; and
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I 1 MAY 2006 WO 03/044790 PCTI US02/36579 FIG 5 is a sectional view of a
hydr odynam ¢ bearing with conical bearing surfaces. ﬁrl ed Description
O Preferred Enbodi nent The present invention is a disc ilvMAYi 22086 st or age
devi ce havi@oshasmee Nydr odynanm c bearing spindle notor in wich one or nore
bearing surfaces have a wear resistant coating thereon. %@s"i/:‘?sg a top
pl an view of a rive 10 in which t prese I nvention is useful.

Di sc drive 10 1 édg 4 58 l&ﬂﬁ@? Htf“bggé’ E’Q(;}Pﬂ)éﬁa”i"g easiRgi Witk canical bearingver
14 to forudacenl ed envi ronrrent to protect the internal conponents from
contami nation by elements fromoutside the seal ed environnment. 10 Disc
drive 10 turt. . des 9 dItSC pack 16, which is mounted for rotation on
a spi ndl e=tot erreg Embodiment g o 5 pack 16 includes a

plurality of s. which are nounted for co- rotatlon about a
central axis. Eﬂghw&%g@{ 'QYﬁ)ﬁ'ng'%a% dC e i0ata oS1QEage A VicghihaMings a
mount esl t hymoaynmic\maaliagfspmdle:mﬁmnnw.cm@néﬂdrhnér@ebéhrmg aEé%@av%N% the
exanpl e shown in heads 2%§re 15 supported xur e i C
are in tu?’vﬁaéﬁsﬁﬂ@oco@@ingl%e%u 1Gnhis fep plangrew of aaftl%QJdtl\tﬁrﬂbwylhEB The

act uat or ﬁJféOWésbﬁt fiventich IsSus¥fult hBlsrcym&m%I@&efl‘aer 5%\“159 5!2

actuator and includes a voice coil notor own gerer a
Voi ce coi FOmBINGH With teR gpver ¥ tedewn d)é@@lec!@nmrohmenstmptcﬁed:tebﬂehated:salZO

A ong an”Soobon@Slbrr kRS by BeRRRSS 1 aR e e GRAFEnIRRREN 1™ e

present invention is also useful in disc drives having other types of
act ual®rs, sudpisgdlrive 1@4urthertincludassa discack 165 whichds maumsdd for egtatién an

hydr od rd th . th

.ﬁvéﬁt.ygﬁé”SB'"B?ﬂ“‘Wnéﬁ Sty B e Bl 17 DR ebERo&S S AT 6 and

a stator IBG[VIdUIaI tises,ewbiohliare mowtex\fori co-fotdfionZabdut@a éantril akisONedch Hn'ﬁémer i's
haft t b 12 th h t 40

washor | 4o tiagh” et Y, AR RlanBRRd o0 G 36 maURERr e ckyar SRytonni c

beari ng 3dbrhmunicatirg with tlaé)disb saffadd. BritheRsariptsiown ﬂﬁ#!@eﬁ h@ﬁ@é ab aper ki ng

f 4 d Ki f 48 Shaft 34 | ud
1t alboryubbead iy eRifes 5. nicl Sk n fiym -Aipheciia FRnd MONRINAIRRAGLARL | n

circul atiagudtoe bbbyi2g. afke@ctuér shown in FIG. 1 is of the type known as a rotary

moving coil actuator and includes a voice coil motor (VCM), shown generally at 28.

-A

Voice coil motor 28 rotates actuator body 26 with its attached heads 20 about a pivot
shaft 30 to position heads 20 over a desired data track along an arcuate path. While

20 arotary actuator is shown in FIG. 1, the present invention is also useful in disc drives
having other types of actuators, such as linear actuators.

FIG. 2 is a sectional view of a hydrodynamic bearing spindle motor 32 in
accordance with the present invention. Spindle motor 32 includes a stationary
member 34, a hub 36 and a stator 38. In the embodiment shown in FIG. 2, the

25 stationary member is a shaft that is fixed and attached to base 12 through a nut 40
and a washer 42. Hub 36 is interconnected with shaft 34 through a hydrodynamic
bearing 37 for rotation about shaft 34. Bearing 37 includes radial working surfaces
44 and 46 and axial working surfaces 48 and 50. Shaft 34 includes fluid ports 54, 56
and 58 that supply lubricating fluid 60 and assist in circulating the fluid along the
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-4 1 1 MAY 2006 WD 03/044790 PCT/ US02/ 36579 wor ki ng surfaces of the
bearing. Lubricating fluid 60 is supplied to shaft 34 by a fluid _ source
(not shown) that is coupled to the interior of shaft 34 id h MAlYO\Zﬂﬂﬁmnner
Spi ndl e NMOLQY o344 t her includes a thrust bearing 45, vvh| h forms
axial working surfaces 48 and 50 of hydrodynamic bearing US”K36579

count er pl | kin e 48 to provi de axi al

St abi |11y PRI R of 60 Beiia, Bltichhe i is suppfestioraiisftzy B 4 g

spi ndl e rreomem!ot shnw@) thah s coliplet! torthy inkExibridP SHER B4 it 8 KAbRA PhaHn@r 62 and hub
36 to seal the hydrodynam c bearing. The seal prevents hydrodynamc fluid

60 f i t late 62.and hub 36, 10 Hub 36 incl ud
cent 1ol cor o oM HBEP LOHBNE! BfidsSoiThg ERmngis, Whiph farmsahecatlcr. 16
(shown i nwBt@g so'rfaiaas 43 had i50nofayaiibdyh am b@é’rmgﬁﬁ?c mebntéﬁ)lélt)é G?Béé’rson

disc carrier. al so

per manent ag@@%&ymg@glsgrfgé gérsﬂ‘éﬂmc"!dm '&gﬁl@ﬁy tardhe hedrogynamic tlwnng/andh acts
as a rotw pbsitiors HuBdB& vARHI®", I S af f..a terial
and acts aspa 15 back-iron f()spﬁﬁ*ae (r'i:‘gﬁ'? Ripore’r%r?gt 'S7Bmg@8 %&?ﬂgﬁﬂed as
a uni t ar yCOUuRtRrRlate 6giang heh 384 S?@' the h‘ﬂdrodYnamlplnHahgt yThd sealdprevents!
magnet s t b ot magnet 70 is
magneti ze %ﬁ@r"ﬁfﬁﬁ@%ﬁ @Tﬂo%g&%ﬁg%ﬂgﬁdegn plg% gg?%ﬁ %361 s attached to
base 12 and includes stator |am nations 72 and stator w ndings 74. Stator
wi ndi Hys 74 arulnBBainbludes @ Icanfralacorenss %hd St disorcanigtdinegmber 466 G\M‘ﬂcﬁ paced

radi al | r r ot or net 70 and_hub 36
rotate Zlbgo"{?p Bgégisﬁtr ¢SQZ§B "95‘%1 ﬁv\(oggatggorg‘a}?%ﬁgagt% Haise pagk t1ﬁr*$)ugh a
known  nreheie cbrs disie easrrlenencmbémse @“@is%rf@l%m@whda@b 8héwASAYERS )0 ¢ e base
through 25 bolts 78. C;) ul ses applied to stator vmnlr?
gener at e RETM3PgRY 'ﬁ'@g"%g(gm ?@Cﬁ?@ﬂg the,quteg et af byb \J6; whick agts raaghet 70
and causeastditdr §findle metbAB2. GYIe 65 is e oﬁé'n%ﬁtu@?nﬁ%@él'd?@ aﬁ hﬂ .

pul ses

comut ation pul ses are tined, polarization 30 s cte curren

that Rre Qﬁckéfé’f‘éef F@g%'qmenﬁoéﬂf Ingagnet Z8tesn be farvedwdsnalundary, amnutarn ung the
rotor nmaghedan2Be forRéd Af d burSRF A - individual magnets that are spaced about the

periphery of hub 36. Rotor magnet 70 is magnetized to form one or more magnetic
poles.

20 Stator 38 is attached to base 12 and includes stator laminations 72 and stator
windings 74. Stator windings 74 are attached to laminations 72. Stator windings 74
are spaced radially from rotor magnet 70 to allow rotor magnet 70 and hub 36 to
rotate about a central axis 80. Stator 38 is attached to base 12 through a known
method such as one or more C-clamps 76 which are secured to the base through

25 bolts 78.

Commutation pulses applied to stator windings 74 generate a rotating
magnetic field that communicates with rotor magnet 70 and causes hub 36 to rotate
about central axis 80 on bearing 37. The commutation pulses are timed, polarization-

30 selected DC current pulses that are directed to sequentially selected stator windings
to drive the rotor magnet and control its speed.




-5 1 1 MAY 2006 WO 03/044790 PCTI US02/36579 In the enmbodi nent shown in FIG
2, spindle notor 32 is a "bel owhub” type mptor in which stator 38 has an
axial position that is below hub 36. Stator 38 ald_so h?j g qqqA\alzggp?Elon
that is ex hub 36, such that stator w ndings re .secured to an
i nner di arrg?fedr%lgt}%(?ace 82 (FIG 3) of lamnations 72. |n B &' 2¥h4htive 5

i i i £ hi he hub, d to bel ow
the hub. | The Dt LpariBadel Shiwy BAFIE 3o meslmeRis2 s . HeleH-hubt smeal T o
the hub omotortinrwtich s?a_tortwhﬁy][atn dxtﬁalmditrbhgg?tew%%@, ﬁﬁgyaghaggd?%,c{?% ta§t°i g

i ndl a e .Spi Ve

ohaf ? 5 %ﬁ%ﬂ@k@@%ﬁth@?@iﬁ ﬁéf_er%amteéﬁ)e. d0pBkGtedrat staler vondingm@4saraf t  and
an outer séclrb®RAKN iffle?NAMERRALUIScCERIFIE), 3}5]"'0?511 'Hﬁti&%t?é.'lﬂggsmmqtigﬁlo
FIG 3_is_a diagrammtic sectional view of hydrodynamc spindle 32
t aken 3l oW&bW'm?_”é-t@?o?ta'P;G D%'*'%%W%ﬂ_tfhafwbr aamp@ds}éa(l:)Eo grbtgwctrge;(?tg?.asm _o: )
38 incl . : '
ot or magne oo haltea fagRNbodAdH Mal b Biteh el o e Rl cuBrimdee
wi ndi ngs ¥, hupy Iniadditign, wiileaFilt.13 depictshat sgindievwnotod witro uniikedesidtt, i the

' [ Jale M ' t hat have a coil
axi st hat Tndie moldmBfiaGe ¥ ARG 308 ° L Broe. HieSarsinans ocatetibaiveen phase
wi ndi ng \heolsting sbaft and an oBferistationany shesverthat ie coaxihl Wih &6 rotifg shiadi al
wor Ki surfaces 44 and 46 of hydrodynam c bearing 37 are fornmed by the

out er di anet er_ surface of shaft 34 and the inner dianeter surface of
central core é:éa éo'sﬁé’?@famaé'ﬁ sgctional Miew | of duideodymarmisy spindieomotorud2 ed of

tal <ukén a®ngfine \G. 2,54 ' hA ' aces
44 and 4q arc seb T A i

cl ear ance2@INGen zrﬁi}%ﬁtﬁ¥%?yﬂﬂ@iﬂg%ﬂ4v which areczgeixial with rolmspagrmts?@caritl)d)tnﬁl
g asepnne 1 Sty ISR lso sl hindt By U, B W A
with B wdég thaggr%mnng arownd teieth indaminations ngsTHbdphas*edw#ﬁmgsV&?E_rforrﬁ&ﬁl st ant
cur f aces 408 ey e’ dTof s, 1 10 Bbuib Al S i @i Bt 1
dur abl e. exatple, phasei windingeWdr bas ancalluaxis B3Mrat is hotBELELBentfdt dxdd BOg | N
much | eSRdGi Wi(iﬁﬁlsurfaces 44 and 46 of hydrodynamic bearing 37 are formed by the

outer diameter surface of shaft 34 and the inner diameter surface of central core 65.

20 The shaft 34 and central core 65 may be constructed of a metal such as, for
example, steel or aluminum. Radial working surfaces 44 and 46 are separated by a
lubrication fluid, which maintains a clearance ¢ during normal operation.

FIG. 4 depicts a close-up sectional view of the hydrodynamic spindle motor 32
25 of FIG. 3. Either or both radial working surfaces 44 and 46 of hydrodynamic bearing
37 are treated with a wear resistant, low frictional coatings 44c and 46c. Wear
resistant coatings 44c and 46c improve the wear resistance of radial working
surfaces 44 and 46 by making working surfaces 44 and 46 more physically durable.
Metal particle generation due to wear is reduced, resulting in much less mechanical
30 failure of working surfaces 44 and 46. The wear resistant and low frictional coatings
44c and 46c provide improved wear resistance and generally provide for a clearance

¢ that remains constant throughout the lifetime of the spindle motor.
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30 failure of working surfaces 44 and 46. The wear resistant and |ow
frictional coatings 44c and 46c provide inproved wear resistance and

generally provide for a clearance c¢ that remai ns constant Ewgz t the
lifetime ofydPpspiyndle notor. -6 1 1 MAY 2006 WO 03/ 0447%& 0502/ 36579
The wear resistant coatings 44c and 46c may conprise, for

h b i nati ons thereof The wear
?rens)lrgt gﬁts gg;t ?ﬁg %@Wﬁé‘é@i‘(t?ﬁ?’?ﬂa%s%“" ﬁmﬁ gB?aWGlé BPMBHRt fOIOQXEH'&W@neters
to about a'morphmms:arb'ﬂmé @laﬁ'foﬁdﬂlkfd éat?bcknmsﬁcﬁnﬁﬁ?tlh&% tlﬁ@%gﬁt ?gheo\?a%ﬂ ngs
44 d 4 on factors such as the conposi
ouf e?ndl a?ré?'%? {>F°‘33W§fe'tr""a§ Vélr[])ﬂ thickRgssqinthet i@nggro c%bqqtaﬂoocmrwmerstm
nmagni t ude abbutch @HEBREETHe pPatbfrad ehickriidgbd 86 Weah fedianl |n 39 L?%l(i:ihtgé;c

odi ment, wear resistant low frictional coatlngs c an

depos! Bed 5 OpERBLYPAA eiora cHel 4 o T lonsildhe s oot sty

process. hAdaRAEH ;,ﬁ&gp £ 05.44c and 46¢ are
deposi ted by chem%ca V;HFSO 03| |or'| f{%\/%gétgnﬁ@&% 03 aﬁ?ﬁ'ﬁ% @nf ted
cheni cal Veyghneseard loading, a(rlaEg:‘am)ersl n anot her enbodi ment, wear resistant
coatings 44c and 46c¢c are deposited by ion beam dep05|t|on The wear

tt d in . the resence of , for exanple,
nydr ogen (12) 1 ohs B RRer weBE reFHERL bw (ibtoas) BosioReddneto kg are
f ri ct 1@natleposited i physicabvair de}ﬁbsmm FFP\?D) 4ude Bk Bysa ‘éﬁ@[erfn@sdrééégﬁt gpatings

t t of the
Favent | onofelfer S8PSdient s rEgsthnt Giptings 46 and d6aaus depesiedibychemionll t i pl <
coating | eysorsdepdsition pEVEN dasH ra%bb%sf'rﬁr eWﬁé‘ﬁcéoe%hge Optva%gf‘td%bgﬁltlééc and

46¢c to co t of nultiple layers in order to provi esi on,
reduce cr YPbpalfa@netiesnem @d'mﬁﬁhoWéabd¢$l§t§nbrcqaaeg$t%®candf 48charshaf t

h in s 44c¢
34200 anba 8 (GPBEx YoobSigh TErRES BSflan: 5ing Rl Sialbe SEA
resi stant lndb@presggce 26 farexample AsiregemptH2) or aittagear(N2) te ehhare tnam}yade I'n
one enbod,l gﬁi}}nce%'ﬁﬁ fﬁ&oﬁg f’@gng%éﬁ‘ﬁﬁhﬁyers 441 and 46i are deposited on

t he outer aneter o er dianeter of central core 65,
respectively,

While FIG. 4 depicts wear resistant coatings 44c and 46¢c as consisting of only
one layer, it is within the scope of the invention for wear resistant coatings 44c and
20 46c to consist of multiple coating layers. It is often desirable for wear resistant
coatings 44c and 46c to consist of multiple layers in order to provide optimal
adhesion, reduce crack propagation and to improve corrosion resistance of the shaft
34 and the central core 65. In one embodiment, wear resistant coatings 44c and 46¢
comprise two or more layers of carbon. In one embodiment, wear resistant coatings

25  44c and 46¢ comprise a layer of silicon carbide.

In one embodiment, one or more adhesive layers 44i and 46i are deposited on
the outer diameter of shaft 34 and inner diameter of central core 65, respectively,
prior to depositing wear resistant coatings 44c and 46¢. Adhesive layers 44i and 46i

30  provide improved adhesion and mechanical properties for the wear resistant coatings
44c and 46c to outer diameter of shaft 34 and inner diameter of central core 65.
Adhesive layers may comprise, for example, chromium, silicon, titanium, zirconium,
silicon carbide, and combinations thereof.
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prior to depositing wear resistant coatings 44c and 46c. Adhesive |ayers
44i and 46i 30 provide inproved adhesi on and nechani cal properties for the
wear resistant coatings 44c and 46c to outer dianeter of{shMAY 2i86and

I nner di amygz@fogentral core 65.  Adhesive | ayers may %ﬁﬁ@ﬁ%ﬁﬁ for
exanpl e, chromum silicon, titanium zirconium silicon ¢t '8@79and
conbi nations thereof. -7 1 1 MAY 2006 WO 03/ 044790 PCT/ US02/ 36579 I n

and 46i may be used in

anot her enbodi e or .nore adhesion | ayers 44i [ .

conbi nati on wi ﬁgr})ﬂgg}g?mﬁ%‘?'@e\ﬂgé’f'er%é?%’? egigRiayess 44N 4R mdLbe peed
exanpl e,  imoombination withayrey ommpred weds AsbistantcdaRh s O Andi 462, Poy‘ﬁfémple

resi stant | aaydi]r anq a _wear 5§ﬂrff5| stant, low friCtional |ayer. The '

t hi ckness 28r90gRIRL;Ier MRV used ingombipationayitha wear resistantiayer@ndzbwear 1
nanoneger ré@stéh@l&wﬂricﬂbﬁdlqayerfrhe preferred thickness of adhesive |ayers 44i
and 461 is dependent upon factors simlar to those enunerated above for

the wear resistant 10 coati ngs 34c and 36¢c. In one enbodinment, either or
bot h outer di ahbe dhicknessof @dbesive layfers 34i anti46itraay bedn thé aarejecof sboutace of

tral t | t ' ' hosphi de pl at i
ol ut on BeranetetGaAR Aty Ml pBIeiiE tiinada SCatnedn fers abasd o8 an
| ayers 448 dependieot u@retarc]:tmsesh'eillalitol{led)s:pd_ammg}gzétpbw\)eolgﬁ tlﬁ@_},mal(-]I &%@q&?} u;edl.
vapor Beps SRRy 36 i ofpehuslc iler o Bohediss Sirveter suane of
embodi menshaft adlaaditieinnay elamelér suiade $Ptedfa cBRPES hFSHoMbd WA AtkelGPOT
deposi tion. &g/nlgg , EUCh aqugI asma_enhanced chem cal vapor deposition
(PECVD) . MGRelritasepidepigindresiption prorimdenasitingagdhesivadiayersdidigindada or
deposi t edwikr [EMBIARAYEISRAR! dricPec.| DleOiloITRRRE Bifling LOEHSH el ik b3

etched prior to depositing the adhesive ayer e wear re
coati ng. ¥$£d he case where no adhesive | ayer is deposited, the substrate
may bgs etched prior to depositing the wear resistant coating. 25 The

ol s et chi nq o oeanodmdt, SHATG b B4Rl AR SleC HepoB o B aetls of
an inert vapor deposition (PVD), such as by a sputtering process. In another embodiment,
adhesive layers 44i and 46i are deposited by chemical vapor deposition (CVD), such
as plasma enhanced chemical vapor deposition (PECVD). In another embodiment,
20 adhesive layers 44i and 46i are deposited by ion beam deposition.

In one embodiment, the substrate is etched prior to depositing the adhesive
layer and the wear resistant coating. In the case where no adhesive layer is
deposited, the substrate may be etched prior to depositing the wear resistant coating.

25 The substrate may be etched, for example, by a plasma etching process. The
plasma etching process may comprise bombarding the substrate with ions of an inert
gas such as, for example, argon.

Alternatively or in addition to wear resistant coatings 44c¢ and 46¢ deposited on

30 the outer diameter of shaft 34 and inner diameter of central core 65, wear resistant
coatings may be deposited upon other working surfaces of the spindle motor, such

as, for example, axial working surface 48 on thrust bearing 45 or on lower surface 69

of counterplate 62, shown in FIG. 2. Optionally, adhesive layers, such as those
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gas such as, for exanple, argon. Alternatively or in addition to wear
resistant coatings 44c and 46c deposited on 30 the outer dianmeter of shaft
34 and inner dianmeter of central core 65 wear resistant YdaManggogey be

deposi ted yrpssRiHBer working surfaces of the spindle nmotor, such _as, for
exanpl e, axi al working surface 48 on thrust bearing 45 orp%muﬁ’ﬁl\ﬁﬁwsurface

69 of co 2 i n.. . tionally, hesi ve | ayers, such
as those d %@%ﬁ@&ﬂ@%ﬁ@%ﬁ%&mﬁ& %s‘?ﬁﬁ%é?%ﬁﬁ%%@éé%ﬁ’%%@&ﬁew may
be deposi fristiopalicoatings.t he deposition of the wear resistant low frictional
coatings. EXAMPLE 1 5 An adhesive | ayer was deposited on a steel substrate.

The adhesiE I\)Bﬂ%%i conprised chrom um The adhesive | ayer was deposited by
a sput erlxg\ whi ch an inert gas sputtered material froma

S,. | .
chrom Um t ar ge‘t&r_' aﬂﬁe%ﬂg@‘%"é"’?s&%ﬁ’os'tﬁg\ﬁ% Heelhsubshates dhe ssthesive.layeri cr ons

to about Gorpfisedt eMBMIEHA. dBBQRIhESHe | A4EdH] | Diddalsgnal
coati ng wa ,Ee&gsi ted on the chrom'e_uéng%rgahesip\?(%ﬁ?%?g%gpﬂlt%%vég?&%gg’ﬁgt ant
coating cWﬁﬁ i A et g8 sPutiered vpaterialclorgt & shronyus langetnaAn delhesive daydry a
sputteri nga\Wh | ' L 2 terial froma carbon
Corger. AmMgSTAgndsS o AbERCS rREhs I0MoRS [Ets WA BRbMedt o cr ons
to about 2 m crons was deposited. The wear resistant coating exhibited 15

excel &nt adhekiwean tesistents ldyst frietianal EROANRY Ewads Adepadhesi ore thay&Hrommsim

deposi ted S rate.. .Th hesive |ayer  conprised siljcon. The

adhesi ve ?%@B’e\/\%g&]deﬁﬁgﬁegg rgi}stgngﬁflﬁpgrqq%or ﬁc@égo'?'mhﬁd”%ﬁ repistant i nert

gas sput teoatidgmeias rdepbsitedoby aa spliteriny provess,aine whivh éHhﬁéh‘é&fﬁs' gfferedravi ng
e

a thickness, of about 0.3 microng to about 0.5 mcrons was, osited. A wear
resi st antMRtSEH O3 GADERIRIORY Aakeardgsisianbaoaing having A thiskneastofsabost

| ayer. The5weigfonsasiabban? niierink %Wsité&@@%ggpresm‘r’@gﬁné %gﬂgl'?ﬁ%cgts

coating was 25 deﬁos,i ted by a sputtering process iIn
sput ter ecPXeaNadhesipp ta the substale- t arget. A wear resistant coating having a
t hi ckness of about 1.5 microns to

EXAMPLE 2
An adhesive layer was deposited on a steel substrate. The adhesive layer

comprised silicon. The adhesive layer was deposited by a sputtering process in
20 which an inert gas sputtered material from a silicon substrate. An adhesive layer
having a thickness of about 0.3 microns to about 0.5 microns was deposited.

A wear resistant low friction coating was deposited on the silicon adhesive

layer. The wear resistant coating comprised carbon. The wear resistant coating was

25 deposited by a sputtering process in which an inert gas sputtered material from a

carbon target. A wear resistant coating having a thickness of about 1.5 microns to

about 2 microns was deposited. The wear resistant coating exhibited excellent
adhesion to the substrate.

30 The use of wear resistant and adhesive layers for improved wear performance
is not limited to thrust bearing designs described above. Wear resistant and
adhesive coatings may be used, for example, with spindle motors having bearing
surfaces of other geometries known to the art. Conical and spherical bearing




about 2 mcrons was deposited. The wear resistant coating exhibited

excell ent adhesion to the substrate. 30 The use of wear resistant and
adhesive layers for inproved wear performance is not Iiniftd&dMAY 2006 ust
beari ng desi@psosg@gCri bed above. Wear resistant and adhe;(jéve coatings nmay
be used, for exanple, wth spindle nmotors having bear| ng UPI4E6d° of ot her

geonetrie re,. . I cal and. spher.i earing -9 1 1 MAY 2006
WO 03/ 044%55%1'{3%0&5] g%%?@ "%’&E‘&c‘@%a'n'&ﬁ's ‘&8&f OQ?\A'%PM@"M@W"W%IM ant
coati ng ofeduve vearsertheibedfang somadegs. reduce wear on the bearing surfaces.

Referring to FIG 5, a hydrodynam c bearing is shown with conical bearing

5 surfaces, h% g%%bleto drive the discs in the disc drive 10 of FIG
1. The hydr odyREWTINDIAHGEGS; @ Rysdsodyramie beariag dsi shewa will aomiealnbearing50.

The desi gsurtades] Wifch & GEbtB oodMe He BidBs bl dne il ALY RPUPERY. {0 eShal

152. The shaft 152 includes an upper hem sphere or convex p 84 and
a | ower hBYRregyparaichearingniseshoysy tﬂcgwolaiedrleoiempmm mcmrshw\/'ehdiﬁsighi ch

otates. ofideYa biivd hetos By TP chhaBlduchis 14 50loh, £44 200l 20025

160, which nay be 1 ncor orate I n or su
descr i bedingludis rars ppper heml%pmarelor tonevexl men 53 amtal ve&r Hehﬁsm@,lé l 162

f shaft h tacle 164 and
P over - hery R Hor 148 Redenaelh SP kYR 185 Wit oTaiSs relnlivesfihecaats Th so
provi ted srmfa.srfe@em/mtachbaaolawbé@sw(u awRich thay BeRsdorseYdled in%t{@%gq 152,

to 15 prow d ari n flui o the hydrodynam c bearing. The ro
i ncl udes 35%2‘98?'5 base ﬂ%cysesmlp%wﬂg resnegt toFlG. s d’ h@fsleemd Séneceives he

hydr odynamieqodimar 16®of shaft s2 ahdhas %b@r héris gﬂéfeaéfm@d &ﬁ'ca@%%&éﬁ&gé hown

|nth|sf ure rlse hydr odynam ¢ bearings in
circul ate 4( ARg rgaw@'ssaenﬁe@wmﬁeconpamaemm 166hACHl helet168 shalbo and

the rotat rBGd@BWBeé re¥6V6R 159 Inhias 5304 & Of
t hese bea¢| na surfaces ma'y al ng F)e coaté "Ekﬁ)f n%b\gf&?éﬁ 'F‘g@‘?’s gﬁgolt%yers
of th® prree¥de bearing iflpied twliheehm‘mdwmlg beanthg etmeedotcv e ipclaties red
enbodi ne V. [ further enbadinments of the
srooct ! On@ouﬂfer% 14fe d&@iﬂﬂéh lét lfr]keﬁ% Sdke & B5E oAG Lt iy hydrodyrame bearing to
the atmosphere In operation, the bearings shown in this figure comprise
hydrodynamic bearings in which fluid such as oil circulates through gaps between the
fixed member, which is the shaft and the rotating member, which in this case is the
20  sleeve. One or more of these bearing surfaces may also be coated with the wear

resistant layers of the present invention.

While foregoing is directed to the preferred embodiment of the present

invention, other and further embodiments of the invention may be devised without

25  departing from the basic scope thereof, and the scope thereof is determined by the
claims that follow.
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25 departing fromthe basic scope thereof, and the scope thereof is
determned by the clains that follow ~1 | MAY 2001 Wat Uf Fhﬁvnﬂm is: 1.
A disc drive storage system conprising: a housing having a ce a &xis; 5
a stationary nenber that is fixed with respect to the housing and coaxi al
with the central axis; a stator fixed with respect to the housing; a
rotatable nmenber that is rotatable about the central axis wth respect to
the stationary nenber; a rotor supported by the rotatable nmenber and

magnet i caphyt seiih&glist o the 10 stator; at |east one data storage disc
attached to and coaxial with the rotatable nenber; an actuator supporting
a head proximate to the data storage disc for comunicating with the disc;

and a hydr,odynﬁsgdh@@gb,@,@eispstf@rh%ﬂqﬁi%é:ng the stationary nenber and the 15
rotatabl e menber, the bearing having at | east one working surface including

a wear resi st 3APYSNIREPYNG LEPRIFACXE0at i ng having a thickness within a range

of abdut 3000 o saneTRy fetnded HthAked with ¢6sBBS+ todhe RBGsIY &% E5d¥E wihOr age
syst em of, ¢l ai g]ﬂll wherein the wear resistant |low frictional 20 coating

conpriseghgﬁfp SU¢ carbon, dianond-1ike carbon, hydr ogenat ed anor phous
car bon, ni t r ogestatoe ixeanwitplegoiscteafa0usiRY O REGIBIEHcHoarPRER kikRipEar bon,

ni trogen |8 -l ike carbon. _and conbi nations thereof. 3. The disc
drive st géiog]émsey%%g%ﬂ% S“é'fhaﬁeﬁﬁ%q\x%g]’eeﬁ? 'PRY MEAPF esi stant 1 ow frictional
25 coating compofgespratedivy imeretataye remiskr ahiendlragicary sripEbagse syst em

of clyal Mg,y ' Sk St I frictional coating is deposited
by at | ezfi,gt &Qﬁg@gg Obﬁgcﬁséfa aldls\%a%gé(:hgg\g%gp PiCSHX'EgQ’/Bj , eéﬂ‘!é’ﬁ‘?‘z!%l vapor
deposi ti dRePE®D) and pl asma enhanced chenical vapor deposition (PECVD). 30

5. The di sc didni@15didf ApBoRke! B okt b BHRS Boldh izt T est st ant
coating is fornmed on an adhésive |ayer.
communicating with the disc; and

a hydrodynamic bearing interconnecting the stationary member and the
15 rotatable member, the bearing having at least one working surface including a wear
resistant, low frictional coating having a thickness within a range of about 3000

nanometers to about 5 microns.

2. The disc drive storage system of claim 1 wherein the wear resistant low frictional
20  coating comprises amorphous carbon, diamond-like carbon, hydrogenated
amorphous carbon, nitrogenated amorphous carbon, hydrogenated diamond-like

carbon, nitrogenated diamond-like carbon and combinations thereof.

3. The disc drive storage system of claim 1 wherein the wear resistant low frictional

25  coating comprises two or more layers.

4, The disc drive storage system of claim 1 wherein the wear resistant low frictional

coating is deposited by at least one of the physical vapor deposition (PVD), chemical

vapor deposition (CVD) and plasma enhanced chemical vapor deposition (PECVD).
30

5. The disc drive storage system of claim 1 wherein the wear resistant coating is

formed on an adhesive layer.

35
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35 -11 1 1 MAY 2006 6. The disc drive storage systemof claim5 wherein the
adhesi ve |l ayer conprises chromum silicon, titanium zirkdnMAM 208! con
carbi de and conbi nations thereof. 7. The disc drive storage system of claim
5 wherein the adhesive layer has a 5 thickness in the range of about 1
nanoneter to about 1 mcron. 8. The disc drive storage systemof claim5
wherei n the adhesive | ayer is deposited by at |east one of physical vapor
deposition (PVD), chem cal vapor deposition (CvD) and plasma enhanced

chem cal yapor it ;%Qﬂ; 9 1 .SLNGg: housi ng
havi ng a %eﬁtrgﬁﬁggﬁgpbgggéialong}3é%%ﬁ%%@hgﬁhﬁﬁ?égﬁgigﬂaa%fﬁﬂFggﬁect to

t he housi FYORMIN. e Afaniynt. Fircarfien.cliaen aproigd end agneingtiensdherepked wi t h
respect to the housing; a rotatable nmenber that is rotatable about the
central axis with respect to the stationary nenber; a rotor supported by
the rotat4abl e WeSINRgRAFNHIPERIABAMILEN e eeesivetareshas and 20 a

hydr ody natfiickndss &1 th8 gor gt SN e sbhdreldn® Sl eRaion. menber and the _
rot at abl e menber, the bearing having at | east one working surface including
a wear resistant, low frictional coating having a thickness within a range

of about 8000 Theamenkiessrdge sghiomtof zidinG \imsgein A% ddheslBeay@islepsiitesl ai m 9
j conpri ses anor phous

wher ei n the ar resistant, low frictio coatjn €

car bon, Jﬁﬁ%ﬁ%ﬁ#PP%8}@3@68H¢mﬁ§8?8&%ﬁ@5§g$§ﬁﬁ?@ﬁ6ﬁ§“xﬁQPBBﬁW”HFPF%genated
anor phousarehplbang ehyahaegertendcaldopnoaebdsitike (REEMDON,  ni t r ogenat ed _

di anpd- | i ke carbon and combi nations thereof. 30 11. The notor of claim?9
wherein the wear resistant |ow frictional coating conprises two or nore

| ayers. 2. Themeitrrgomafisieg:ai m 9 wherein the wear resistant |ow frictional

coating is a housing having a central axis;
a stationary member that is fixed with respect to the housing and coaxial with
the central axis;
15 a stator fixed with respect to the housing;
a rofatable member that is rotatable about the central axis with respect to the
stationary member;
a rotor supported by the rotatable member and magnetically coupled to the
stator; and
20 a hydrodynamic bearing interconnecting the stationary member and the
rotatable member, the bearing having at least one working surface including a wear
resistant, low frictional coating having a thickness within a range of about 3000

nanometers to about 5 microns.

25 10 The motor of claim @ wherein the wear resistant, low frictional coating
comprises amorphous carbon, diamond-like carbon, hydrogenated amorphous
carbon, nitrogenated amorphous carbon, hydrogenated diamond-like carbon,

nitrogenated diamond-like carbon and combinations thereof.

30 1. The motor of claim 9 wherein the wear resistant low frictional coating comprises
two or more layers.

12. The motor of claim 9 wherein the wear resistant low frictional coating is
deposited by at least one of physical vapor deposition (PVD), chemical vapor

35  deposition (CVD) and plasma enhanced chemical vapor deposition (PECVD).
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deposited by at |east one of physical vapor deposition (PVD), chem cal
vapor 35 deposition (CVD) and plasma enhanced chem cal vapor deposition
(PECVD). -12 1 1 MAY 2006 13. The notor of claim?9 vvherelnlmq g@gr
resistant, low frictional coating is formed on an adhesion |ay 14. The
nmotor of claim 13 wherein the adhesion |ayer conprises chromum silicon,
5 titanium zirconium silicon carbide and conbi nations thereof. 15. The
notor of claim 13 wherein the adhesion |ayer has a thickness in the range

- _ _ h £ cl ai
of about nangoef er. +&|&p\%h ol 1RE Q& r[%glstéﬁt ol ﬁ{:ﬁ%)r%o?rcog?ngglﬁfplsrrlrmgé? vapor

wherein the adhesion Tayer is deposite east one

deposi t i o ¢PYydyesiakHeyarcal vapor deposition (CvD) and plasma enhanced
chem cal vapor deposition (PECVD). 17. A notor, conprising: 15 a
hydrodynam ¢ bearing interconnecting a stationary nenber and a rotatable
nenber, wHer ei ReMRECHY MY ISarhiateip &g pohpsioadaver cpewstes sheemigmkiiiegnsur f ace;

and tshe BénilMagtoRi®, WRbKicEbigs bhaesroidibaemeropear reduci ng neans
t hereon having a thickness within a range of about 3000 nanoneters to about

5 mcrons. 20 18. The notor of claim 17 wherein the wear reducing neans is
formed onsan TadhesosT ME@ANS.wherein the adhesion layer has a thickness in the range

of about 1 nanometer to about 1 micron.

10 16. The motor of claim 13 wherein the adhesion layer is deposited by at least one
of physical vapor deposition (PVD), chemical vapor deposition (CVD) and plasma
enhanced chemical vapor deposition (PECVD).

17. A motor, comprising:
15 a hydrodynamic bearing interconnecting a stationary member and a rotatable
member, wherein the hydrodynamic bearing has at least one working surface; and
the at least one working surface includes a wear reducing means thereon

having a thickness within a range of about 3000 nanometers to about 5 microns.

20 18. The motor of claim 17 wherein the wear reducing means is formed on an

adhesion means.
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