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Rel at ed Applosmaivons This application clains benefit of UrcragoSsatres
provi si onal patent application 5 serial nunber 60/332,490, filed Novenber
16, 2001, which is herein incorporated by reference. Background O

I nvention Field of I Night AHH Jioh, WV sisty; r*é&ann%ﬂ%}es to the field of
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particularly, to a sgijpdy eonlr}"%[éiﬁ(ﬂﬂ%@ ogﬁéﬁpg,?@ahggssurfaces havi ng

a wear resistant coatl ng roun rrve data storage

devi ces % b drives, are well-known in the
e ity . ' . :
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collectively referred to as a head, and typically a single head is

associ at Ed€"WFR- each disc surface. The heads are selectively noved under
the control of electronic circuitry to any one of a plurality of 20

circul arBaeggﬁﬁmdoqhql@é,ﬂléﬁacks on the disc surface by an actuator device.
Each sli ody Tncludes a self-acting air bearing surface. As the disc
rotates, Fie‘i@o@'hﬁ?erﬂi&gs air beneath the air bearing surface, which
develops a lifting force that causes the slider to lift and fly several

m croi nches apRy Eréé?e%t ﬂﬁv%‘ﬁtléHrrél f‘e%to'tﬁetfl ﬁj ayo%& r%‘?ﬂ%rrﬁéfo?é‘fo‘?fd|§3:| der i ve

products t he noSt commonly used type ctu 'S a rotary novi ng
coi | 1(Gct dataostoragee ddvises anuennewe/panm:ukarlyym caaspmdlemmoewlthnoraae ‘bstraocke’ on

the hub structure of a brushless e notor. The rotational speed of
t he spi nﬁ?%f NtYrages rfﬂ"’éf};q @&%?%8%??%% NQINGERY; drive circuitry, which

controls both the timng and the power of comutation signals directed to
the -1 BecRgrduhiyApt PCT/ US02/ 36579
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

-1-



stator wi ndings of the notor. Typical spindle notor speeds have been in the
range of 3600 RPM Al though, current technol ogy has increased spindle
not or spewdI3net7967200 RPM 10, 000 RPM 15, 000 RPM and aboweT/USnE36319 t he
principal sources of noise in disc drive data storage devices is the 5

spindl e SRt@iwinBngs dfthe it Ui SBirS Aol HavRgeth A kA

repl aci ng conventli onal 0 earings 1 n spindle notors
"hydro" B@@0 iRRN, althbugts cunyehtoghaoiogy dvashindrezsedt spintleamotysspeeds to

hydr odyngm rj | {.es id film which separates the bearing
surfaces?%@agiﬁttfgagéEﬁéﬁnﬁﬂoﬁtﬂ%é"dﬁﬁ?vﬁn general has |ower vibrations
t han conventional ball bearings. A hydrodynam c bearing is a 10

sel f - punpi ng Opardfitae PHAtipAe BENIRES of hoWERSHISE drivé Hatdklorabe daRicBs 3 thd he
fluid film separation. A hydrostatic bearing requires an external

pressur i sRindiel ootors oDissedtive manuiacturers havel gcenty peoani loakingataieplagingt i on

bet ween LN i : ] o [

ot ement tANESBRATGaIBHE 9HeF Deahnls SR ORY HUROS, VRS e BrEfRag SBfAs.

bet ween h%obflﬁamlmgonswdragteﬂcmeﬁngs. Eohydrodyhardicosearany elies an aduidfilm

| ubricating fluid or %as provi des a beari ng\e surface between, for exanpl e,

a stati oWBrcfﬂ srpasatesdhechparinguayriasesendis é@fPFﬁgmUr%hB@Pthfa"t%@ aenr@rahub.

Typi cal hid TS| ' ; f e TAW I;

bonr | ngsnaY IOEEiBratBRs s Yoy BRI LATERGE. A tyiodyridile BARRE'S o

conpHY i sself-puinipirey beating ¢ati genexatesnd|pressuredhteroaliyr te ermintagethes fluidf filpoi nt

20 interfaces,. Thi% i S d?slr%bl e because the incr?ased b.earif S
e o

f
decr cascSSPABHYI-e AMVAIRRIRNR DERIBRAYIFS PBraiteng! RReed TWihsenee o
Despite ﬁﬁ%tgflrneﬂ%nﬂ@idoéeédﬁgﬁ%h‘.brFR@Iin\Vélgr];léﬂdﬂl' BetwdbrC My Bgéi’i aluriayds Gelypam c

bearing spindle notors, earing surfaces are still subject to _
cont i nuobydradgnamigsbearing:causes ahshepipelement dratbecours gntitely adthin dghediuid | y
changes gver the lLifeti f.the 25 device nd often in a manner that is
not uni  OPkPUet et hpfontzet Betvedh i featingrsrBles Qetitss 'n  educed
performance and eventual failure of the disk drive. Additionally, for a

gas labri cat eth layﬁyanm?naiimc hearingg.a lubkchtingtfiuidadr gasperdvides hobedrrey
bearing surfaces Is also required. Therefore, there exists a need in the

art for SUTRGE BalVREN. JoF eXAMPKb A istRfionary semherest ke hrgsingpans édraleling

resi st angendseVet Ith@Sais@Vhids.! §bRARrIuHARY ih@Sde "6l 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



WO 03/ 044790 PCT/ US02/ 36579 Summary O I nvention The disc drive data
storage system of the present invention includes a housing having a
central awD3/0a479¢ ati onary nenber that is fixed wth respect/iso2/863¢9 housi ng
5 and coaxial with the central axis, and a rotatable nmenber that is
rotatabl e about the central axis with respect to the stationary nmenber. A
stator is fixed with respect to the housing. A rotor is supported by the
r ot at abl Supynary Ofhaventiomgnetical |y coupled to the stator. At |east one
data storage disc is attached to and is coaxial with the rotatable nenber.
A hydr odynani ¢heliad drivecdalpistaragesystem pbigrgregentieventipniiociudes achaitsing e
menber. The hydro am.c beari ng | pcl S .1 gas e wor ki.n urface
wth o wbarng A PERARS,  SoPn) BRG] iRl wibraiPes Bringihistes

t hat 4 heap@oakial Withithe lkehftal 88 Vvand acriotadbleaRbHbRS tiRdt is tEtabalfE &ibout the

I nvention are attained and can be understood in detail, a nore particular

descri pt fontral ExiswvithHespeetdat therstatignasy ersbena A statords dixed witly respeshitp by

: . . : o Yed
G v ngs e fiopgfg, CALRGTEE) tpbafied by 1N TOkitf bRk Wi s MAdRRhRe ot
only typcoaghled ¢ottuedstator Atdéadtivng data stdrage distds attachéedtehnd ¢s oodxidlovitre

consi dered |i m'afpi ng of its scopg, for the invention may adnit to other
equal |y Hier Eiptaple ErTHeR e A BY TG mATIC heqring;coupiep|the siatianasy membsttarri ve
dat a;st o | ' o | il | LAn~El Is a
sect | Bnal oy e dnphRE ] Phe MRl et BEaRiF iRdhaes” 1o Siond forking ”,
t he pressufa¢enwithtai wear fEsiStar8 coating thergommmati ¢ secti onal view of the

hydr odynam ¢ bearing spindle 25 notor taken along the line 3-3 of FIG 2,
w th porgl r & 6 larity; FIG 4 is a close up viewof FIG 3,
show ng ! =t formed on one or nore working surfaces of

t he hydrodynagi c,b i ng; and -3 03/ 044790 PCT/ USQ2/.36579 |G 5 is a
Sect i onal i eqPolNa s A Ranc B, Ty AR Eomietaleaiiey Bh the presebl.
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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Detail ed Description O Preferred Enbodi nent The present invention is a
disc drive data storage device having a 5 hydrodynam c bearing spindle

not or i n wbiosh4aae or nore bearing surfaces have a wear PEIIEVABIS7CO0at i ng
thereon. FIG 1 is a top plan view of a disc drive 10 in which the present
I nvention is fgl V, 0, u a

conbi ned wt hpﬁpgc‘cs)vgs'%%igﬁél \?%\&n? ﬂaagﬂt‘a%qigg rganr@il%r %%é]ng]r#) @@g‘ %%rg%:%c%eé[uﬁneg

i nt er nal surfaggsonents from contani nati on by el enents from outside the seal ed
environment. 10 Disc drive 10 further includes a disc pack 16, which is
mount ed . . shown) by a disc clanp 18.

Di sc pact=H e S—a— c o-vrdual di scs, which are nounted
for co-rot atl about cent X1 S surface has. an _associ at ed
head 20, whi cﬂ”? eWV?B{'Qﬂ s% 4)59 1€”‘feorgatéomﬁ98a eYiE BN di s
surfage. hymoayﬁammmmgsbﬁm@ motdrGn which@résor2foré ®ehfing Lgmmbé%aw a

flexures 22, Wwhich are in turn attached to head nounting arnms 24 of
act uat orweaayesmantrﬁ@atm thgrean. shtan! imapgeplan viewoef a igisa grive kadmvw a

otary bR AN el RS AR 18 1HELHBS P Lbulhobads P map o™

general ly "a I ce co ates ac Ay

attac hedcdmabﬁh@dZQ'IthUOpt covepi Mpoto fetmafd saaletioemmrtmem tmepdxecaotr@venemal
desired data trac al ong an arcuate path. Wile 20 a rota actuator is
shown i nC@TT@”QOtS M P ?@Hf‘aﬁ'%%ﬂ%‘ﬂﬁ’?@ from guisids the seqlerd spvieanment

havi ng ot her types of actuators, such as linear actuators. FIG 2 is a

sectipnal vi emééfdrﬂ/ehi’@hﬂﬂ%@ﬁ?rﬁelﬁd%%eérdlwpé&d W'\ﬁ? Eﬁtlé’h&%técﬁ'for%fé‘%ﬂadwe

with the present 1 nvention. Spind notor 32 1 nc a stationary
34, a hud spthdiethatos (rt shod8) byra dise clarbpdisrrdarscmoma incledes azplutdiidy 26

statlonar e shaft that fi xe ttached .t o base_12 through
! ot Aoty aksh o A metBhed Sor 1 EteBif Bl e 3 5ACh s h
hydr odyngu¥fgce IeR idhd addotiafed Meall @0, ahRith Fhahbuéd Beadis®ddide Imlfaﬂles
radial working surfaces 44 and 46 and axial working surfaces 48 and 50.

Shaft 34compuidealing with thsoeiss ssn‘acl% In theiesampleagshawip i §1G.ubrheadsi 2Qyafe ui d
60 i
pcr Usoos SBred bE nefited 2z uictEar M B8thecl® nedt Buing &g ot

suppl i edattaatrabddy326byTiee fctuator stawedn FIGE 1sisoginthet type krmvm)apladothoy t he
interior of shaft 34 in a known manner. .
moving coil actuator and includes a voice coil motor (VCM), shown generally at 28.
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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Spindl e notor 32 further includes a thrust bearing 45, which fornms the
axial working surfaces 48 and 50 of hydrodynam c bearing 37. A

count er plwba3®247bears 5 agai nst working surface 48 to pr®drdesozzésad
stability for the hydrodynam c bearing and to position hub 36 within

spi ndl e Wekg §@nadés &F the b Bithg Is_ubrnea rﬁb%ﬂune%d%%pwee%%haﬂt@u%ﬁa ﬂarbd hub
36 to seal the drodénam C bearl ng. € seal prevents hydrodynamc I d

60 from seyepinel éhatda@ﬁuelrepnatﬂee Beerorcofahiaft3wt inkDkmown s@nnet) udes a
central core 65 and a disc carrier menber 66, which supports disc pack 16

h [ AV f I
CPoe" Car s cr RS PotS 82 hAerbuod I e Rl 45 iEF s 10 S
per rranenWorm@gletJrfaébs $8aértcﬁsb€tﬂ Hy@lr(bdwlaﬁmbeﬂeadhgm erA Oéuﬂﬂ@kplél@ 62vpeafs act s
as a _rotor, for notor 32. Core magneti c, rraterlal

o ot ANt OKRARUTAAS 9 Pk A RBlYOT TRERATORTIE RN RS inG: re
a unitargy, gegmahaﬁud 'S withln t%ﬁ[?}]dlie)éa hQbfed of ol @'rH@aggtlgRg{oglrdagg Bbg/g@sl;b

magnets that are spaced a peri phery of h
nagnet i zeolirterplate 62 aaddiub86eonsegh ¢hé hydpadyeami@ edriagor TES seal ptév@ntzed to

base 12 and i ncl ud . tor | am nat 72 and s d s 74. Stator
wi ndi ngsﬁl odyrAm|c; E’éﬁiba ffQgn esGaRing b@&?%coﬁtﬁf%eﬁ%@%ggb %% are spaced
radially fromrotor nmagnet 70 to allow rotor magnet 70 and hub 36 to

rotafe about g 5084 rigtiudss S ¥entraf %B%{ grg}ggh@glvd]@& hedidronRasseriés ! Wi

known nethod such as one or nore ch are secured to t base
t hr ough s@ipantsl disc pack ct@n(\sbowniimFIGun}s&x ratgtioneabaud shiafit3s. mlsmopacgmms

generate rot a net | | t hat ormun th ro gnegt 70
and causadr o s farlB BB, b b cilf: 1SR 16 @S showh fig FiG. Thne A
conmut at p&rndHent @fagiet #0 r@@luad@@datbl thétdLﬂér dlntébeof #db X6, q,vmél%btdoaé%ﬁs
that are directed to sequentially selected stator wndings to drive the

rot or megtert foas@insiemaipr B2s Gerecth is Brmedod/ @ magetipanalesaPaBd STt A8 & he

i croas g orgfaghéro:, e ReBnel a8 ceid fortoar A, PR e

al sg ha<5r7 galﬁ dst dbrnmsc IdTIaerllirbﬁW ofs ireiitiuidlanagfetsuthat Garessisdteldhabostt fieor
wi ndi ngs ar
J penphery 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 Dbolts 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.



secured to an inner diameter surface 82 (FIG 3) of lamnations 72. In an
alternative 5 enbodinent, the stator is positioned wthin the hub, as
opposed twolsloewss he hub. The stator can have a radi al pesiTtiSon3dshat is
either internal to the hub or external to the hub. In addition, while FIG

2 depicts a Spiihd empBHRRet SHOv fri ey §h§15|hdlet nﬁ,torsg%ri@“ S HERPhubBY &;’We a

rotating shaft. In this case, the bearing | ocat ed between the ro ating
shaft anahotor lou/vlmch staior @rsatna}s ah exial ptolsalonu @atambemlw hib 186 h8tatort 38 ialsp

haft. 10 FIG Is.a diagramatic lonal Vi 0 dr odynam i ndl e
ot or 328% A byt 1Be5RERp kA 3B T 3B, 5UsBrinRL stPE RNE: e Bre
clarity.sédiuré@to 3B ihAet Hidesetet SiFfaGY 821EIG. Zs)acsfdaﬁﬁﬁémswmdh pSaltetnative ch
are coaxial with rotor nmagnet 70 and central core 65. Stator w ndings 74

i ncl ude pmRedimemdiheystalar IS\AOSImnedMIthrvzthenﬁuh,msugppﬁa@d 40 delayvu e Subund
2ocor 1 alhE UG AR hale:a fatfiaPUaRfor i 18 SRne b Pl e hyf Briclpémgl (oY e

phase withei hgb.Wh bddltlanpwﬁlleaﬁi('s Bdedltas a spindigrahotop withtar fixedishaftS8the

Radi al wor ki ng surfaces 44 and 463?%{3 Lyldrod ynam ¢ bearjng 37 are f or med by
the out¥ndedRetosmay have a refatisgsnafttadn 4hia cape. ﬁhﬁrmarw\igaﬁé@@te%neme@ of

central arsifing %%ft-ra}?d 803 P{er%ilatgi?\l‘%rfgl% Shhdt L ﬁo%gal a vvor | o dsé't? ffd of

a netal such as, or a um num aces
44 ar(d 46 are separated by a lubrication fluid, which maintains a

cl earance ¢ dlElIIG ng iner midgra@maitci sactiohbGviet @bépiy@f@dy&naﬂilownme Tactor gl
vi ew of the hydrodynamn c@zeﬁd e notor. 32 25 of her or both

radi al WEKRN PR HRe Ses3 dQAW't%POHde@WPA’WJobél%”%gSt@?r 38 inaludag eqd
Wi th a YWeafindtisH gsf’@%tnd ét%’l%rf\&thefrfg\%ear, \ﬁﬁ@ﬁ'd?g%o‘éﬁgafl Wk Ptﬁﬁr m\érg@bt 7besipt ant

coatings 44c an rove resi st ance radi

surfac escernraindre165b)8tam iwindings Kidrinclede phass widdiagsl W6, Vibrld1 pivVEs veaanq/
dur a tal parti i.on due.to ar_is reduced,. resulting jn
Tmensy eouz fBheare Bohing sodiq faddh uf binentgs 457 [ phgSe iteinhS 3 iofihe
resi st angft amims traw Hdvb%'db"l%x@@ﬁ’ét' |§Q$omfb‘ffcioaeﬁﬁj fHeErsBERVESRrAl rH?("éD‘BQd pEear
resi stance and generally provide for a clearance c that remalns constant

t hr oughoexample, lphesei windstg Wik heg. adod ate @3 thad inmaead4a7mtral axis 80.
PCT/ USO2L385( Yordifg diffcesSH Shas SPRALARITnAMT BESHAGS7 R RATRE' 5 thd ©F

exanpl e,
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 46¢c. 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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anor phous carbon, di anond-1ike carbon, or conbinations thereof. The wear
resi stant coating nay have a thickness in the range of about 100 nanoneters
to aboutwb oger7rans. The preferred thicknesses of wear re®CItsn/3aoat i ngs
44c and 46c¢ 5 are dependent upon factors such as the conposition of the

outer di anet ernef wahaffesiitant2Boatinie44¢! aRBL 8bc OMmaye RohidriseO! fBr 6&%&1@@,
magni t ude of clearance c, surface ™ roughness and | dading, anong others. In
one enbodmesphquswearbargs diamaend-likev darben,i onacombinations thereefnd Toe wear 10

d i ted by physi.cal d ition {PVYD h b '
b boess. qeRtaBn iR mbBrvedt Mokiss? bV rnbcBL APatY 130 Riardietin o
deposi t eghéint 5 htioRal TheanefertfPaidknedBed oV ear THSBtaRE ddaBAGH 488 HHICSSE

chem cal vapor deposition (PECVD). In another enbodi ment, Wwear resistant

coat i hgsardepgnslent gpan éactgepigh agithe,canappsiemotibgcuiter dimmeterofighaft 34

resistan oat.Lng,: I r [ rese or. | e,
hydr ogeng?@zﬁhgp%ﬁ%§§geﬁpf%§}af ;étotéﬁhgﬁdcé]%t r@%@é’ g ?Zsﬁgfrgﬁé% %inau#é@p
fricti onedughhepsahtésadingrambngBtndre. FI G 4 depicts wear resistant coatings
44c and 46c¢ as consisting of only one layer, it is within the scope of the
invention for wear resistant coatings 44c and 20 46¢c to consist of

nul ti pl e coat Imgnezgrebedimant; wegr tresisidas ilowdrictionsl caatings 446 aadt460ate ngs
44c d : st Of ' : [ 0. POV | ral

adnely on epes e Bl oS vabbr HeBoROTYPVE). S EEby LoBiRIimBBRET I o

t he shaf tnotBér amodimente Meaalresistaat 66atings Blrcarmiocd iane depositsay by elseralcant

coatings 44c and 46c¢ &Wrise two or nore |ayers OL carbon. In one .
enbodi meMePOrWEEPOSIHSN s ):c84Eh rRfs Plasna N ege€ %6&'&?5%%00& fepesitiof
silicon Vehe. | pbé}ﬁ 0 r j ' 461
are depogﬁggézn “?hgﬁkg[nt% er Pgﬁﬁe&t’ 2‘?9 ﬁhgﬁtgﬂﬁﬁggﬁbﬁﬁe%@ad%@e?@ %Pﬁd
central depesies, by endeeam deppsitiopr The wear degiskint coating arayr alsd deasputtecetd | ngs
44c d 46¢. Adhesive, lLayers 44i and 46i rovi de ipproved adhesi on and
rechih ol (g AIERFRIRL S foh Staims ke b aiPaen Jkhof pdER BT IR EPERRCA B WEab e
di anmet er (&fistahéd hnd frictiddal propertitisanBicdt, of central core 65. Adhesive
| ayers may conprise, for exanple, chromum silicon, titanium zirconium
silicon carbide, and conbinations thereof. -7 WD 03/044790 PCT/ US02/ 36579
While FIG. 4 depicts wear resistant coatings 44c and 46c¢ 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 46¢ 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¢c. Adhesive layers 44i and 46i

30 provide improved adhesion and mechanical properties for the wear resistant coatings
44c and 46¢ 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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I n anot her enbodi nent, one or nore adhesion | ayers 44i and 46i may be used
I n conbination with one or nore wear resistant coatings 44c and 46c¢c. For
exanpl e, wansadhgsi on | ayer may be used in conbi nati on w POTASKEZGS79
resistant layer and a wear 5 resistant, low frictional |ayer. The

t hi ckness of adhesive |ayers 44i and 46i nmay be in the range of about 1

nanoneter to h 44j
and 461 is dgﬁenég‘#{%géﬁ@%ﬁgt @gbg?ﬁ@%@h?ghﬁ@ge enun@gﬁﬁb%é\%&%os

t he wearin mmbhanbn Withcore nngmr@%ea:més%am doatmge 4dhert Aot Foreexdmplepr
bot h outer@gha r surface of Shaftbérpé t he inner, di aneter surface of
central gsionlayeriaay Bg uzedrn £on 'Iond’f”th Aiwear| repisiuY faves and & WRE'

sol ut4 Onréé"étﬁrzlit T&Nﬁfbﬂ@ﬁéltlhf) adhesive |l ayers 44i and 46i or wear resistant
| ayer's 44c and 46¢c. El ectroless nickel plating solutions may al so be used.
15 I n one enbodi nent, adhesive |ayers 44i and 46i are deposited by physical
vapor depositThe tlﬁlEMIR)ss sfuadhesivediayers gat ard 48[ mayobe #rs the rargeodhabout 1

nmbodi t, dh d 46 e d ited b h |
Ganoat 11 BRAQEOR 1o ahot T HicRmalns bisteee iidssadl achastb Isharadr ped 281
( PECVD) . é,ngﬁffgﬁh?ggﬁqﬁg@&bi’?gﬁmlar%@ tREE 8hiMek ¥8r§bo‘%'fo?g!ﬁ’eb%br"f‘é§stant

deposite eposition. In one enbo ment, the strate Is
et chEd peoatingso34tepod i36cngntdne edibesinent, balyexroralnolhtcbtﬁewdametes serface of

ting. | wh dhe I i ted t
may. be eSRAILE AR e <RGBS TGS QLR TL e S BT e ithe Pgkel o' ©
substr at gicRay H@s.pﬂﬁd@ﬁibtlnb%olmhsr t@ﬂeﬁoﬁhﬁ@ RIheERRI [AJeldy M4iessd 46her
pl asma et chi ng process may COEEI’I se bonbard the substrate with ions of

an i ner t weghsesistant layers é|4c fe, Et@pg@iessml@ ating=sglugiens mayaiseilm to
wear resh%} gnt coatings 44c and 46¢ deposited on 30 the outer dianeter of
shaft 34 d inner dianeter of central core 65, wear resistant coatings
may [ deposited upon other working surfaces of the spindle notor, such

as, for exaﬁplrﬁoné@rﬁbomﬁféﬁtngdﬁéglﬂ‘/@(t@/e%4231airi@if ngit akede theﬁb fpr@/@daDV\Br
surface 69 of counterr_pl ate 62, shown in FIG 2. Optionally, adhesive

| ayers, Y@RO depasifipne(PVR) \QYCH32% by 780 gPwitaTiNgsprocess7dn 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 46c 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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di scussed above, may be deposited prior to the deposition of the wear
resistant low frictional coatings. EXAMPLE 1 5 An adhesive | ayer was
deposi t edwornzasebeel substrate. The adhesive | ayer conpripsadiSotysesm® um The
adhesi ve | ayer was deposited by a sputtering process, in which an inert
gas sput gige@shedPaliveamdy B@o%p@@ﬂ@d”gﬂﬁ? tafeedepdiricHIBEfe RehPYistaRBlBWg 2
t hi ckness of about 0.3 microns to about 0.5 microns was deposited. 10 A
wear r esfrictiamal qogtings.i cti onal coating was deposited on the chrom um
adhesive | ayer. The wear resistant coating conprised carbon. The wear
resi stan ting was deposited by a sputtering process, in which an inert
ExpBiFLe 4

gas sput erial, froma carbon target. ar resjstant coatin

havi r§g a thi cﬁﬂ@éé]eéf"ea@dﬁf wag gepqsitednn %osﬁﬁﬁﬁ\é\g%rﬂ?cr he qgi@sﬁ@p'%g’t ed.
The wear i ' hO&i | : ;
subst T at o Ui Do Bnebi 8 ey b e PR s e
The adhewhich amymert gasngputieeced snatedainfromha chdomiun datgeper Ansslhdsivesiayed by
a sputterin rpcess in, 20 ich an inert sputtered material froma
21 1P con aaid BIRERRSsS Saiaindls FloBRs'GRbPERS TRrirs u8S gPbsiady o S
mcrons to about 0.5 mcrons was deposited. A wear resistant low friction
coatjgng was dRpQ% F edsRiarithow! fritheHal 26batg’ Svad %}é%bsitgd‘eor‘f‘ﬁﬁg bﬁ‘ﬁin%ihg{“
coating conprised carbon. The wear resistant coating was 25 deposited by a
sput t er | adhgsive ayeri nThehivedr sesistast cogting spoprised cankarer iTdle Weanresistanbon

target. A wear resi nt.catin | hi ckness, of about 1.5 nmicrons to
hhoct 2 GhatiRnwaSoben@la Bl A SuHEYAG brBakdt, T FRREo e dReH, arts, aplEfed
excel | eninatafiheoin®a darbbhtargebs iy wbar retistaRecoghavieqa thisknesaof aBodt
adhesive |l ayers for inproved wear performance is not Timted to thrust

beari ng H8siffiansi s abpuled NGNS WaR Sepegitads tThe: waadresitiapcaatingoxthibitesl may

be d, 1 ' i e notors having bearing surfaces of other
geoungfri%)]zsc%lﬁﬁf\;\#ﬂ?%é??%@ {grléts.%%&g%#e(ial and spherical bearing -9 WO 03/044790
PCT/ US02/ 36579 surfaces may be coated with the wear resistant coating of

t he preserpaMPIMERtI ON tO

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



reduce wear on the bearing surfaces. Referring to FIG 5, a hydrodynam c
bearing is shown with conical bearing 5 surfaces, which is usable to drive
t he di scsworsbkgodi sc drive 10 of FIG 1. The hydrodynampPcThesar/86599 i S
shown incorporated in a spindle notor 150. The design includes a drive

rotor orgiuieblthayBeAtatey Wk Bhe fydap réséfh’ﬁttcogﬁﬁ% mcg pﬁﬁgh_ééémliﬁeentwwdes

an upper hem sphefe or convex portion 154 and m sphere or convex
porti on regéce awsnosdtherbearinpeseviacess8 which rotates relative to the shaft.
The 10 shaft is fixedly attached to a base 160, which nay be incorporated
In or supported, fromt using base 12 descri.bed with respect to FIG 1.
The sl eeve 158ctexted Jo1G: 1K 5 S Bieinansc seadnars Showns it G egarng

hem spheg gaD8fhicty 98 GR4BId §¢ fvaCtHR diked iANthel er&%rdﬂ‘\sc?ﬁmpbﬁmsha
concave recept gcl e 166. A #Ifﬁ? hole 168 is also proviI ed to a resem%i r
159 in (lagradwvamict heanimgpds sbawh nNcepwratedbiar a 1gindie ane®rpt 5i Tlee wesigmg

170, “wni BRI A SV SR San Rl 1wl eREN PSmiEd g o Stdfiats TRSARRE T Che
at mospheihgludes &Peippet Hemispiereest totiexs E@m@ni 154 Ring Al lBWe? HePRBPhSR or

hydr odynam c bearings in which fluid such as oil circulates throu he_l%aps
bet ween €awexiportian NSBueceivadiiaia sleevéd S8Huhich 4atates eelatinenta the rhe

whi [ | [ S v . O r ar | ces
oy T oottt B Efy ek, 30 b T Wit maRE: Bogtiafec Fag Ribrot

i nvent i offomhel rousingeasand2idesdrived Wit respédtato(FICT dr Mhe stedadi 58 réceied he
present _invention, other and further enbodinments of the invention nay be

devi sed R_nreu%ma' 1@? feshaft 15yand @ﬁﬁt%%&’@ws@%ﬁémﬁéﬂeﬁ@?c@[ﬁd ecaptagleope
T/ Usoz) ST el HerRphels s Boicate [eebfitle 188, KUIROE 1633 aiso
conpr i siprgvidea twwsrespriivitdg o ¢adravnaties uppen endhtfixedamennesThds2 t teat i s
L e v s Reeinb g of S BFaRRaaR Slart! "rmd iS5 ndlidey o
counterplate 170, which is used to close off one end of the hydrodynamic 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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a rotatable nenber that is rotatable about the central axis with respect to
the stationary nenber; 10 a rotor supported by the rotatable nenber and
magnet i cavby3ooupl ed to the stator; at | east one data st @CAYSZBESC
attached to and coaxial with the rotatable nenber; an actuator supporting
a head pwmat edlgaimey ishe data storage disc for 15 comrunicating with the

di sc; and a hydrodynam c bearing interconnecting the stationary nenber and

the rotat ablﬁdweabf@ne?%%@v%?ﬁt}ﬂﬁ :Zf | east one working surface

conprising a wear resls coating. 20 2. The disc drive
st or age syst earhotisingdiaviny aksentealraxiie wear resistant low frictional

ti ' . h ' d-1i ._hyd d
amor phous. chrbRIGRATY BRRRRIRRL RIS EeoRssh o FEROIIRA 0N BHERALAN | ke
carbon, metdpaanakied di amond-1ike carbon and conbinations thereof. 25 3.

The disc drive storage systemof claim1 wherein the wear resistant |ow
frictional coastatey ib@dowits eespegbtoothermusingiyers. 4. The disc drive storage

hi ckness i n ¢ feeialiE TRt Bl R fos s BBleShERY B Yenal s Wity pREL RERE® ©
The di scstdtioveryshemdgg system of claim 1 wherein the wear resistant |ow
frictional coating is deposited by at |east one of physjcal vapor

depol] ti on (F/MPIOr suppotied gy Hies rdjataptermesabers B anaghtticady coyplssy to the

depositiagtdrCVD) and pl asma enhance chem cal vapor deposition (PECVD). 6.
The disc drive storage systemof claim1 wherein the wear resistant coating
5 is forned oat Eashdinesdata Istorage disc HitacHed ctodand ecoaixial agith thiet mtatablecl ai m
6 wherein the adhesive |ayer conprises chromum silicon, titanium

zi rconi UREM8" con carbi de and combi nations thereof.

an actuator supporting a head proximate to the data storage disc for
15 communicating with the disc; and
a hydrodynamic bearing interconnecting the stationary member and the
rotatable member, the bearing having at least one working surface comprising a wear
resistant, low frictional coating.

20 2. The disc drive storage system of claim 1 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.

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

frictional coating comprises two or more layers.

4, The disc drive storage system of claim 1 wherein the wear resistant low
frictional coating has a thickness in the range of about 100 nanometer to about 5

30 microns.

5. The disc drive storage system of claim 1 wherein the wear resistant low
frictional coating is deposited by at least one of physical vapor deposition (PVD),
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10 8. The disc drive storage systemof claim6 wherein the adhesive | ayer
has a thickness in the range of about 1 nanoneter to about 1 mcron. 9.
The di sc Woimme4ewor age system of claim6 wherein the adhe®crahayesrois 15
deposited by at |east one of physical vapor deposition (PVD), chem cal

ed by a osi he c:
(PEcv, TRl 800 Uehaiign CVU ! BRLTFa SOFRLES criiea) VaRRcucagiion

stati ona(RE@¥Dher that is fixed with respect to the housing and coaxi al
with the central axis; a stator fixed with respect to the housing; a

rot atabl e nmenber, that i s rotatable aboyt the central axis with respect to
the statfPonary ﬁ?@ﬁﬁi?c drpve §t°FQﬂ%$YS§%fB¢ﬁM%@ byf?meﬁ%lnrta@a\t%wesmt@ﬁb@gatm

magnef i Ci%'fb%n@@%ﬁ'a‘?ﬂa&t%éi@layéﬁatOr; and a hydrodynam c bearing

i nterconnecting the stationary nmenber and the rotatable nenber, the

beari ng having at |east one working surface conprising a wear resistant,

| ow fricYional Tbetdisg. dddke ktoragbesysterar obfclaimiemwhereinetra adhésiveeiayer
resistant, low frjctional coating. cor‘rPri ses anpr phous  car bon, o

di anond- €dPBUPES ﬁb%‘&@haﬁ'@?%%&%’@ﬁ rEQRiyBh, Silicory cagidss apd Legapinations

PCT/ USO2{36af9 ni trogenated anorphous carbon, hydrogenated di anond-1i ke
carbon, nitrogenated dianond-Iike carbon and conbinations thereof. 12. The
not ot0 of claim 10 wherein the wear resistant low frictional coating has a

5 thickn8ss in tTe disogkivefstolagetsy$tedn nhoimiGewherrialiotdhesive tayes hasd The
nmot or of  claim 10 wherein the wear resi sttan@ I ?w frictional coating

conpr i sediGkRESs N g ngg,Rl@bout § napometer AfMEI-m 10 wherein the wear

resistant low frictional coating is deposited by at |east one of physical

vapor degosi ti oRr{PYAk: g/ Udrage \GBRM of claim 6 wherein the adhesive layer is

15 deposited by at least one of physical vapor deposition (PVD), chemical vapor
deposition (CVD) and plasma enhance chemical vapor deposition (PECVD.

10. A motor comprising:
a housing having a central axis;
20 a stationary member that is fixed with respect to the housing and coaxial
with the central axis;
a stator fixed with respect to the housing;
a rotatable member that is rotatable about the central axis with respect to
the stationary member;
25 a rotor supported by the rotatable member and magnetically coupled to the
stator; and
a hydrodynamic bearing interconnecting the stationary member and the
rotatable member, the bearing having at least one working surface comprising a wear
resistant, low frictional coating.
30

11. The motor of claim 10 wherein the wear resistant, low frictional coating
comprises amorphous carbon, diamond-carbon, hydrogenated amorphous carbon,
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deposition (CvD) and plasma enhance chem cal vapor deposition (PECVD). 15.
The notor claim 10 wherein the wear resistant, low frictional coating is
15 f or mreaworndmam7aahesi on | ayer. 16. The notor of clai m 15 pararse2/sesthe
adhesion | ayer conprises chromum silicon, titanium zirconium silicon

car bi de gifrdgenateH nanbRitfoUsheatRh, t@ﬁrdg?enamf d;@hgfgdshke%érbah,lﬁitm@;@hsiéa the

adhesion | ayer has a thickness in the ™ range out 1 nanoneter to about
1 m cr ondiam@nditike Gasbon aotl combinatims\theresf.n t he adhesi on | ayer is deposited
by at |east one of physical vapor deposition (PVD), chem cal vapor

deposi ti (CvD), and, 2 |.as nhance chem cal, vapor, depositian (PECVD).

1o A oty oot Moteret Gaify I wiEraR e iear redetehl Bt bidfiBRRideghhs has a

st at i pnaghickmesd & thenenge of abatiePO®namoetor t9ABHE H iy dr odynani ¢ beari ng
has at | east one working 30 surface; and the at |east one working surface

has a wear reducing nmeans thereon. 20. The notor of claim 19 the wear
reduci ngldeans The motaeof otlaian 1&dmberein theeweear resistansg low frictional coating

comprises two or more layers.

10 14, The motor of claim 10 wherein the wear resistant low frictional coating is
deposited by at least one of physical vapor deposition (PVD), chemical vapor
deposition (CVD) and plasma enhance chemical vapor deposition (PECVD).

15. The motor claim 10 wherein the wear resistant, low frictional coating is
15 formed on an adhesion layer.

16. The motor of claim 15 wherein the adhesion layer comprises chromium,
silicon, titanium, zirconium, silicon carbide and combinations thereof.

20 17. The motor of claim 15 wherein the adhesion layer has a thickness in the
range of about 1 nanometer to about 1 micron.

18. The motor of claim 15 wherein the adhesion layer is deposited by at least
one of physical vapor deposition (PVD), chemical vapor deposition (CVD) and
25 plasma enhance chemical vapor deposition (PECVD).

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

20. The motor of claim 19 the wear reducing means is formed on an adhesion
means.
35
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