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Cross-Reference To Related Applications

This application claims benefit of United States provisional patent application
5  serial number 60/332,490, filed November 16, 2001, which is herein incorporated by
reference.

Background Of Invention

Field of Invention

The present invention relates to the field of hydrodynamic motors for disc drive
10  data storage devices and, more particularly, to a spindie motor with one or more
bearing surfaces having a wear resistant coating thereon.

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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Hi gh Adhesi on, Wear Resistant Coatings For Spindle Mdtors In Disk

Drive/ Storage Applications Cross-Reference To Related Applications This
application clains benefit of United States provisional fatMAY 2808 i cation
5 serial nyRksLY 332,490, filed Novenber 16, 2001, which is herein

i ncorporated by reference. Background O Invention Fiel c’lbérfl?ﬁoﬁ(@ﬁém i on The

present inyvention relates to the field of hydrodynam c notors for disc
drive 10° ?’aW'EE'é‘PaaghlﬁféW'@és XWH?'?PH?‘@‘?M%S@GP% have pgeninstpe fiange efot or
with one GEOOTRRM. baRKduys, TUFreAL &sehRaMG)Y had | bR L st ger eon.
Backgroung Al E‘IPDi SC driu\% dat a storageggevi cneﬁg',ééﬁél&;\%/h as h\ﬁﬁ?&%‘%’?’gr{a type
di sc dri v&800 BFM, 18:000 RRM\A5/000:RRMiandiaborve. |1 n a W nchester disc dri ve,

digital data is witten to and 15 read froma thin |ayer of magnetizabl e

material on t hensef e Erimfipdl Moaideabi Hokesn dWd aaﬁleaaaialfs?ﬂgp%gg@%% Rlbhed" ©

per f or med t,hrOté%h a transducer that is carried in as
sl i der? an®Pipdigndatete Dige drive raanyfactueass lhave iroeantlyrksiganr logking atsreplabiegd,

and typic | 1eSyri k@ ] h.diS6 .f ace. The heads
are sel egéﬁﬁ\égﬁgﬁér{o%?rﬁﬁ'ﬁrﬁﬁ'@%%% @b?go%{é)?se%ﬁoﬂ%rgcib%{ﬁqsr ?u?%aény one
of a pl urBydrogynamio®r hydiostatic beasngsn#Arliydrathynarmic behringreliebeondi fuid it f ace
by an act r | . Sl | body. i.ncl udes a . self-acting air bearing
sur f ace. ‘b@cﬁ hsee(agldstgﬁhgfgf%s@ %‘ﬂﬁgcéﬁﬂ‘%dﬁéﬁ%'e&’ myghh gueterand i8gengel i ng
surface, hs biwededtwhiigns thahidonvertidnat ball bbatingsauAasydrbsynainisiBariigis aft and
fly s vegll_m' cr.oi nches e%ﬁove t he disc surface. In the current generation
of di ¢ d7IGRUPPIBg ing gt genarates Arpraspuiss interpaliveto maindaingthe flMidfilms a
rotary nuoseg tiopi. | Adydidstatic b ' hee AVJaY I ed in
a "stack" gﬁ,he hub structlcurgg'g?gj;&g‘?rgghl es?b@s?g(f%ﬂ%%nglta@r%#ﬁ%%

r ot at i ondNa&fRdhefluid gerasatien. « Ralative metien betweanytheohearing edrfaesnintar

drive ci rgdirdd Mg h ! | .
commt at | arehani¢ Begiing eRkSeR &, igar pleffir R SisBES ohiTBy BifioBe

PC P/ usoLiimexigh thatanogontach Betweendhe brarimgswfacesyppcarsl spi ndl e notor speeds
have been in the range of 3600 RPM Although, current technol ogy has

I ncregsed spi gl £ HyBlyn&RR B8afify, a lubricating fiuid or gas provides a bearing
surface between, for example, a stationary 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.
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7200 RPM 10,000 RPM 15,000 RPM and above. One of the principal sources of
noi se in disc drive data storage devices is the 5 spi ndl1e nptor. Disc
drive manufacturers have recently begun | ooking at replac ﬂgMA\Srﬂﬂﬁﬁlti onal

bal | or rolyfgsokeasi ngs in spindle notors with "hydro" bearings. such as
hydrodynami ¢ or hydrostatic bearings. A hydrodynam c bearﬁ?éuggp?sé% on a

fluid film which separates the bearing surfaces and is therefore nuch
qui eter and in general has |lower vibrations than conventional ball

beari ngs. SanmmdryOf imventiopeari ng is a 10 sel f-punpi ng bearing that
generates a pressure internally to maintain the fluid film separation. A
hydrostatic be@ihé digcrsigeidatesstarage systenabf thegsessnt rRenfidriindiugey adfoushg

i nt ai |_uj tion. Relati tion betw t he beari f
" ChyaPafipRapent BRsng SincBt Hetstiar et Rt Wikiesebepdnerveegy
wi t hi n5t hand lcoagal With thescsriral Bk, S8 aaBtaAshle %rﬂ@é‘rﬁh%l:‘igirgfa@éﬂlé‘%bﬁw fhgces

occurs. 15 In a hydrodynam c bearing, a lubricating f or gas provides a
bearing SeRtfal @i, withEespect tor the,slatignary membari ohstajorie fixed with respettdosi ng
and a r ot fdel RBusiR@M&rofdr i ; Ty | .Jnecl il or
ferromagnetic ijsl‘"ﬁ?ds. r°H>5d|§ rc}gl;‘l)ﬁgﬁnéq: eg]rei Kﬁéﬁgi& @5@*@?@5 H%gﬂgﬁ?ﬁlgce
over a | afeuplediathgstatar Al least operdata siomgeaistisattaghed heand isgcomxiat withy

whi ch confpl j of ' ! fac This As. desirabl e because
the incr eage@f’cgtggire f'ﬁgh@é?f é\cﬁ%c'f&e}é)fn;ag%'gsrg e%gﬁgp@?qb%r?—‘%lﬂnaﬁ'emﬁ@étf?rttﬂe
rotatithg tedratatable memibers Thedyuirodynaivic (reasing daclatied lae 1badtr batidiang! ui d,

i n convengl . L,.C. bearing spindle notors, the bearing surfaces
are stil Iél"'su Jevgpy%’%ggfﬁ%fgﬁ%&ga@{k%ﬁhgfﬁ’- a result, the gap between bearing
surfaces gradually changes over the lifetinme of the 25 device, and often in

a manner Btiaf Descniption Of Dsawingsr oss t he bearing surfaces. This results in

reduced performance and eventual failure of the disk drive. Additionally,
for a gas |ut§a dhatethenynanogy iarvhichethei above oecifedi teatures! ofp thepprédens f or

t he beari; sur | r LI Thergfore, there.exists a need in
the art f'ggené%ﬂydrg%gl%ﬁaeﬁi@d?% tgé] Hh%%g}?é’d '5(9%2% A{pee ‘P%{'\'/F"ﬁ@r des B wear
resi stiancef the Welentias, brieflyf suciniarizet abewrsT inagsbe -Fad bl Mi¥re?85t0 e
03/ 044790 PCT.USOééﬁGS?E Eugmar}{ 0] Iave tion The disc drive data storage
syst em ofe'PirRAImeRERerechyhich iare Nisiratgd 4% the appesreg)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

-3




having a central axis, a stationary nenber that is fixed with respect to
the housing 5 and coaxial with the central axis, and a rpotatabl e nenber
that is rotatable about the central axis with respect to kHeMAY a0®nary
menber. A $dQafos fixed with respect to the housing. Arotor is
supported by tﬂ{a rotat abl e menber and is nmagnetically co (J;:)Vg%?z?@”f he
stator. At |eagt~ope_data storage disc, i ttached to and is coaxial with
the rotatable E’egrbgr'.s %Sﬁ\}‘aﬂ'@ij% ot abB\é‘?’Pﬁ’éf‘%Grﬁ%'”ﬂh‘é't%tcaﬂicéhﬁﬁ?ﬂﬂﬁanber
to 10 t hesudbhedsabl e nenber. The hydrodynani c bearing includes at |east one
working surface with a wear resistant coating thereon. Brief Description
O Draw ngs . So t hat t.hte : r.in which the above recited features of the
pr esent ARG graclpl TR gregemoediment,jor st ood in detail, a nore
particul ar desgfj n., 15 of. the invention, briefly sumuarized above, may
be had by ref efé%_ gt HB‘_’e"é'ﬂBol:ﬁ rfbn($§°t‘$fé‘}leed$at%§ e deviceydaviaged in

t he appentipdrodyaarnicdsearing spindle magormiatvisich bﬁé’fbf?ﬁere_t bedring urRees ﬂggél a

drawi ngs il ustr.e}te only typical mbodi ments of this invention and are
t her ef or e 78t '4° a QR?HEQ (%EF’@?P-I F_féﬂ 2 &P pleg view ohe, diswdrivent0 imwbichi on
may adni t tHeDpRIsBA! invBHMdN 16 BS4iGICt DR @HURCHD Thdtides 2 Thdusf Hade 12 tfaé’tg pl an

view of a disc drive data storage device in accordance w t he Bent
i nvent i oncompinedowith; tep sever bhiP foimea sealed renyirodiyeania phxtecti thg intzirmall e

Secti onal SR EHERS FRot oS d 67 SR i ko g e o ofuconfBhTl ong

the line 3-3 of FIG 2, with portions renoved for clarity, FIG 4 is a
cl oselQp vi ew [Biscdriee 18 fudhenincligdesea discasick tin whiohas inmuymtddbfomeotation opne or

031 044790 PPLRRE 3SR B Y A6 LA 1€ Bisclihoy T nglironp alyaual -
VAN iy ivasyilie N gttt kgt e b A A
Sy ar SuTAE  RRS AT adshYERid, FRatinaBoWrich i BRuGRE I s arveatonr
surfaces dammunicatimpwith disé disesurfaest imnbetdd@rpMshdwiGin RId.S1, heh8P20!78 Vi ew

of a disc drive 10 Jn which . .
fy supported %y f‘exures 2%, which are in turn attached to head mounting arms 24 of an

v,

actuator body 26. The actuator 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.
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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the present invention is useful. Disc drive 10 includes a housing base 12
that is conbined with top cover 14 to forma seal ed environnment to protect
the internal conmponents from contam nation by el enents f lotn MA% 2086 ¢ he
seal ed envigpnngifos 10 Disc drive 10 further includes a djsc pack 16, which
I's mounted for rotation on a spindle notor (not shown) b@ETéU PaETE anp 18.

D sc pack o H&%E ity af. J.ndividual discs,. which are nounted
for co-ro%’é’?f'%ggbout d?lt@%ﬁ%&é’i&'a&l&sﬁ(’a@&hwei ds seppledte $halt 34rbya duidi at ed
head 20, whirce (nat siown) teat fsccatipted t0thy MitdfbridP shaft 8ATRIA KRB RSarNel N t he di sc
surface. In the exanple shown in FIG 1, heads 20 are 15 supported by

fl 22, wai. i ttached {0 head nounti 24 of
act uat or body. Sunoiproigr . ifef nchines s et HearBOLHb. oMok JpErscevials o

rotary mworking soifacesc48iahds0astchyidisdyweffic BeX@hd 87C A ko lath \§9bearshown
gener a not or, 28 rot at es aggct uat or g@&?%‘% vmt?iarigts

ly_at. 28. . Voice coi _ €
attac h%ad ﬂ%%iﬁé %k'gg&h'fe'a‘ée 6#’\%9’ ovideaxial stahilly frrdhe hydrodyaarsicteadng and
desired dwt gosities Hud! 96 Awi W 8. rQt .actuator is
shown in Fl go I1I tilile pr g’é'gm %rp%ﬁdgﬁﬁ ?g \ell%goéus §I4 gna{gxggadﬁ%ggn
havi ng ot fRUNQrplaie 63rangt huaB6rie, sealthe hydrodyramicasaniagor She Bedh prévértsa
sect i onal hyy i@ I HOFH 3L 5 | Walell i accor dance
with the p;?aergtma fnr%\fllte}'ﬁﬁ on. %gib %%B%P S@Qngﬁ@?@ooéegéﬁgﬁvggﬁonar y menber
34, a hub 36 and a stator 38. In the enbodi nent shown in FIG 2, the 25
statiYhary mertbdr 3Bsingludhafa cehtial caref 65 amhdaaddisd toaerdedmiethberss, Whitlkr ough

a nut 40 K . is,interconnected with shaft 34 t hrough a
hydr odynasrrq,i’ré3 Sngg!‘@ﬁing ksﬁ%ﬁ%ﬁﬁ%ﬁ fabmi?t'%%?qu@ﬁ'%@éar@'ﬁe Pack i1fd$ udes
radi al ~ woeld rop siiscf eareier remberd 66 Goyaitscaylaf %r{éilﬂwsﬁé‘iﬁlﬁaiﬁeﬁlé&)‘?‘”qk 50.
Shaft 34 includes flui d@)ort?apﬁ& 56 and 58 tha supplﬁl | ubricating fluid
60 and adraanent ropgnel 79 (saftached e the oules cipmeter of hub B6\mhichoass e a

03/ 04479GofdcTor EgindI8 Mhotdr 8R! iGare TRy b A ' ' fluid
60 is sugéiskediﬁ D 8 B e o o ﬁﬁgmé\}%?m%éﬁg%%d@apl ed

to the i 1r9p fer magaet 7G4 Rotpr nagnehd Oranrks fonspdrasl @ uniaryy adfuldrnirgher

I ncl udes r gat i i ; I &l rking,surfaces 48
and 50 o> oty oejolied I Blrathlof indibllR, iaGnds, Ma 2 5Pt 2o A

wor ki ng PepBRy of huba36r Bolagenagrieh70ds atsgnetized tor formeorieyorr mdiemaghetiear i ng
and to jstion hub 36 within spindle notor 32. An Oring 64 is provided
between ‘counterplate 62 and hub 36 to seal the hydrodynam c bearing. The
seal prevents

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.




hydrodynam c fluid 60 from escapi ng between counterplate 62 and hub 36. 10
Hub 36 includes a central core 65 and a disc carrier nenber 66, which
supports disc pack 16 (shown in FIG 1) for rotation about] $hAY 2@% Di sc
pack 16 iswd8lgsey disc carrier nmenber 66 by disc clanp 18 (also _shown in
FIG 1). A permanent magnet 70 is attached to the outer AR hub

36, which acts Or for spin tar 32. Core 65 is forned of a
magneti c mat erlpgtfieg%ra&gcilfrgenggﬁ%w@@ E.L(gkglo $RIRdIP Jpoton Greis & (Pelowhub" tpgnet 70
can be fomotat insvhichustater 98 hasmanl axial fiosBion thatCidNodisw b ! g;atﬁ%é%@ ity
of indivi Hgél ets.tha@1£teﬁ§§ac?d a"ﬁ&rjt the periphery of hu . Rotor
magnet 70 W}%ﬂﬂtqc’f‘glﬁ’r‘t & gxiemal dp 86ndetethat stater mindings Fdaarer 38
i's attachsstured &R idieraiidnt VM)

wi ndi ngs 74, Stator 'vvi rzdilnggﬂég%{ggﬁ %@%Qj%né}ﬂé?n%j%@%ﬂe@%&

wi ndi nés embodiment theslaton s Besitioradowithiattbe hvhgastopposed tabklow that bub. magnet
70 and h o Xl S . or. 38 is attagched to
base 12 't?r]é%ogta?l&acirﬁgé\\n;ﬁéaaﬁé@ﬁgﬁ&éﬁﬂ{hgg‘soﬁgﬂ%r'ﬁt%g}ait'g"ﬁ QH?)?" %tae\mll;léﬂ are
secured tthet 'Ng? Hasedditiorousile BES.b2Idepick8a Sindiat rbiod with bsi@daghfi, aflet 0

stator w g [ . &g netig field that communi cates
with rot oérmmgﬁ]eot?érﬁsgﬁgeégu@@i’%%b&g&q 'g?g?ﬁsgt B’e besing i§ icateq between g0 on
beari ng 3he ratating shaftiand anoupssistrivnaryasiddveattat i8 toaxiPwith He r%&tiﬁglsﬁsﬁ.ed DC
currepy pul ses that are directed to sequentially selected statol w ndi ngs
to drive the rle?éo ngg%at and control its speed. -5 1 1 MAY 2006 WO

03/ 044790 PCTI o§/'§ 9 Ceipstenatairw i Jweredyneme spindiepmetire32rot or
32 is a "takérosohgline 3PS of FIG.OZ, Wi ¥ il Ldion
that is Rel ow,hug 36. Stator 38 e;fhs%m'ﬁggs%ﬁg& @Fc%gg’i' ??t S@t@a'[] alﬁééé

ext er nal '‘¥HINABNSE2 anc:statas windings df, whiehi argscorxiahmdth rotarumaghet ¥0aand nner

erbod er rarore B8, (tater widis 18Pk dtaSe incihdh M3 1, T Bia Bt ow
the hidb. UZrthat grexweund anountteeth inddimiations i72i ofhe phase winglirigaedreifingsanal t o
spi nd e ohor drdlihayers coll Sl et 4 AR b L b S AEpAL A £0r oFat  ng
shaft. | rexatmple, ks windingeWi has ascdiloadis 88 trait ieermbah® Eeftadlifigs gbaft and
an outer Fﬁatd?él'v%}ﬁihﬁ sﬂr%%gse 4t4h§r¥d hg o? %?/érlo%lyngmm}chbéaprﬁ\gr g% %tré ?(?rmsegat];; 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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10 FIG 3 is a diagrammatic sectional view of hydrodynam c spindl e notor 32

taken along line 3-3 of FIG 2, with portions renoved for clarity. Stator

38 includes lamnations 72 and stator w ndings 74, which WFMﬁa)Z@]w W th
%) eﬁg ase

rotor magn@o sRuiiggl central core 65. Stator w ndings 74ué1c81g/
wi ndi ngs W, V1, Ul, W2, V2 and 15 U2 that are wound arourfd Y¥&PH"! n

| am nations 72+.1h e W ndings:arge, for of coils that have a coil
axis that is ngp rar-a(ﬁ'eggargﬁ'atai"ﬂt%qag@gﬁas @eﬁpﬁgﬂ%xmgyggqmpwe, @Xaﬁ’fﬂ@?'ephase
wi ndi ng Wantaphausc aatbami diafdntbike tarbony BR! corbipgéRsAlthéébs 8¥he 5@?9 al
wor ki ng sur and 46 of rodynam c bearing 37 are forned by the

f 44 h
outer dia ?'é‘%e'éﬁ?*ﬁ@@emav @Y&f?%g@k iPhie; irpee i ahast 00snanameterst to
central cabeutts migdnIhens padterrdd ttkhes88s bﬁlMeSPFé‘siggrétf’gc?éti\ﬁgs 999%%”5@:“ of

a netal such as, for exanple, steel or alum num rking surtaces
44 and? 46 4 derRPePLURAD fagtass suehas theGampasitiondf theyputer disimeter ofshaft 34

cl ear ance aad didhb N Yi lofO i 4 ' | ose-up_sectional
view of the hydro ;/dr?lgé%gg osfp%fa’ie %?D? oér:é’??gle E%%(@F&({’ﬁs(gq §9arénf:ﬂe?, 81466t h
radi al woreuahgessiandioadings amongathess. hydr odynami ¢ bearing 37 are treated
with a wear resistant, low frictional coatings 44c and 46¢c. War resistant

coatings 44c d ' the wear, resistance of radial working
surfaces 44 aﬁ@' 91%6%{/'{ @W%& \Xﬁlakirﬁﬂs@ﬂffoé%i:récqﬁﬁa'aﬁ%atw@snﬁcea%ﬁpc%@l y
dur abl@. depasited pyrphysical espue idepositiordl (RVD) suBRasiby 4 Sgitkdhg erééHs? ing in
much | ess hani cal. 30 failure of working surfaces 44 and 46. The wear
resi st ant aﬁﬁﬁeq %’Rﬁ?‘?'?‘@f‘r’mﬂf registanheratings 446 and 466 ase depesitedhyrchemicalear
resi st anceapordd ioal {GVDY 0¥%j 0 3 [ t ant
b oughou The T oy T or e hadtf de"bleBnfe BARARSE! chRoMil, YHBE dBoB8PE43700
PCT/ 0502/ rhelnnaapthes serabadimenh aweay Jesistantmpatiogs MAc aodpdbeere f or
exanpl e, ki = O I.pations thereof.
The ear SO B ot B onE SR e B FERleailcoRlind 1RV, AL AS SPulafBhi 100
nanorkt eri§ the pregepoe of far exasnple, NytdrogeneHR) oz dittdgenk NS s enitdncedthe weasi st ant
coatings Adgifid a"“ﬁqfiéiO?‘%F%f‘aﬁ?ﬁ@gWé{ﬁ#)O” factors such as the conposition
sha :

of the outer dianeter o I nner di aneter of central core 65,
t he magni tude of clearance c, surface roughness and | oadi ng, anong ot hers.
I'n one enbodi Mhite FiGealr depists seantedistant doatihjonat aR@abt a8ToAdiStiR el dff ar e

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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10 deposited by physical vapor deposition (PVD), such as by a sputtering
process. I n another enbodi nent, wear resistant coatings 44c and 46c¢c are
deposi ted by chemical vapor deposition (CVD), such as pl hsinMA¥np@ggced
chem cal vagrpsdepesi tion (PECVD). In another enbodi nentpmv)ﬁ_ﬁ)r/ resi stant
coatings 44c and 46c¢c are deposited by ion beam deposition: &3 mehr

resi stant coating nay also be sputtered 15 in the presence of, for exanple,
hydr ogen (H2) he, wear resistance and

frictional pr ogi?&jf‘théro%ﬁg?@\lz. t'{ﬂ%ﬁe‘g%}é% egigpilatess 4Aiand 46jimaybe usesht i ngs

44c and 46t cambination Withngheobr moley wen Fedis¥® coatihgd 348iahfidbct RS éfa?ﬂﬁeOf the
I nvention for, wear .resist coatings 44c and 20°46¢c to consist of nmultiple

nt c an .
coating | &P&chesiop layer sayhe Hsed ingombinalionyth a weer tasistant layertandgswear and

46¢C t05COIﬂééi&bn@fonfﬂctibrﬁﬁlq?a)Je@yerS in order to provide optinmal adhesion,
reduce crack propagation and to inprove corrosion resistance of the shaft
34 and the central core 65. In one enbodi nent, wear resistant coatings 44c

and 46¢c conpr 8@ thigkness ofr@dbesivg dayers#dicanch46i. may berie teerpartjerehabousaar

i stant ' 4c. ' | f sili bi de. |
one. enbodl SRanelaty afout I FicK, (6 bR Flodas Y Aerks S pbers dgbard 48l on
the out er isddepandent uporsfaatdrs 3imitardoithose entirmerated albsvecontifid weaP Fesidint

respectiv | O deposi tin ar resi stant coatings 44c and 46c.
nanostbe Pafines Yernd 36 S 3ts piholeent s i Datt adtes Alavei TR o
proper ti eshdfb84 ahd themner iahit@mnsurealof Bastral tHfe 685 dre'RBaten vith £ hicRLigret er
of shaft 34 aln&plén er Cil ameter of central core 65. Adhesive |layers my
conpri se, NEk® HB'IdE,p G aelutien prion toodepasitingradhesivei layersi 44ihands48iiaron

carbi de, wadr FsyEMMALYEISH4cEHE . Elgcti"olésévﬁ%kgl?ﬂéggrﬁ?sglﬁﬁgrﬁd'é?;gr%!3912? and

PCT/ US02/ 36579 I n anot her enbodi nent, one or no esion
461 may b¥sq%sed in conbination with one or nore wear resistant coati ngs
44c apgl 46¢c. For exanple, an adhesion |ayer may be used in conbination

with a wear rqgigd h a . 5, k€51 n lLow f.rictional. |ayer.
The thi cknessqgf a_qIEFepg |bve né’y%@’seas}%e%&ﬁﬁ ﬁ%’l Qﬂncg%}@nbérel Hg‘??’isétep ggﬂﬁ'caébout 1
nanonet ervanor slepasitian (P ¥Phreuchias by af sputtedng Ipradeses SnafnoNtdraghbsdimaser s 44
and 461 t Q imlar, to those enunerat bove for
the wear neEBRIRNE4LERT an0ib UeboSiel aftneRicliRior HBBERHENCVaL BHeh or
bot h out eas plaamatenhasoed ghemithl 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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shaft 34 and the inner dianeter surface of central core 65 are treated with
a nickel or nickel phosphide plating solution prior to depositing adhesive
| ayers 441 and 461 or wear resistant |ayers 44c and 460.1(‘3! FaY r 06 ss

|

Y

ni ckel pl alydgh3pbyti ons may al so be used. 15 In one enb %nt adhesi ve
| ayers 44i and 46i are deposited by physical vapor depos % 2’@%), such

as by a s ' 0 : [ odj, nent esive |ayers 44i and
Go1 aro doscasid Ehdle e EANBl tilor BT UePtsiion it o e seencinn
enhanced &iotiohalaxloatingeor deposition (PECVD). In another enbodinent, 20
adhesive |l ayers 44i and 46i are deposited by ion beam deposition. In one
enbodi menkgﬁ bstrate is etched prior to depositing the adhesive |ayer

and th? we 'L%ji}an.t goati ng. In the case where no adhesive layer is
deposited, the S HFOEPYE aYRIWERL depesiied o5t Actteelosubshiate. t Thg adhesivedayer

resi st ant coraplisetichrdmiie THiskidheaive 4y Wit ddpodRél b rspﬁﬁéﬂﬁé{@roc%ﬁ,anpl asma
orbar

et chi ng praj%gss. . The plasma etching grocess may conprise t he
subst r at eMiICOHAN H18Et gas sAuitered imatgral kerora ghrontiom taxgetpl Ap ashgsive layer

eposi 1 ec om0 SERSSH ebBl) 0.8 iEShe 16 BN pichs AR dPotvBRE  or o

central core 65, wear resistant coatings nmay be deposited upon ot her
wor ki HYy sur f ackswedr resistapl fhaW efriotianal , comting was , déposited oo |the ehrbaiunWor ki ng

surface 4 : ri 4 r,on. ower surface 69 f counterplate 62,
shown in %’%g"[fh'%@’{ i ?ﬁ%we%? fg%ﬂ%gﬁ g@‘\“&y‘é‘?’@”?&c@’%@"-t rTE@ewe%f resistaohy 2006
VO 03/ 044aeingCias J8RposiGal By ch sputterity phovees, MRWhit® aﬁnaght@ ﬁ’%;tfgrea o the
depositio f. f&g wear I‘e%I stgn |l ow frictional coatings, EXAMPLE 1 5 An
adhesi ve Hﬁﬁ&é‘? [0 4 630N rgeb n Aweardepistanh spating-having adhiskresseof| abpst

conpr i sed.5miierdngto aboat 2H6RNY vdsfddiosHed. ﬂ%’%&{ F‘%;sl?é(ntacoﬁﬁﬁ%te%ibﬁ

process, in which an inert gas sputtered materia oma ¢ mumtarget.
An adWesi%e"%{}’é‘ﬂheﬁaﬂ)F%Ej‘eeﬁ'-’%ﬁif%tﬁness of about 0.3 microns to about 0.5
m crons was deposited. 10 A wear resistant |low frictional coating was
deposi t edeypsmphg «chrom um adhesi ve | ayer. The wear resistant coating

conprised car BpNagHdiie Rfer Was! dtlpdbited 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




coating was deposited by a sputtering process, in which an inert gas
sputtered material froma carbon target. A wear resistant coating having a
t hi ckness of about 1.5 microns to about 2 nicrons was defdodi MAY.2006he wear
resi stant ashdgAdoexhi bited 15 excellent adhesion to the (?ﬁbstrate.
EXAMPLE 2 An adhesive | ayer was deposited on a steel substTEPY¥?393{3

adhesi ve | | se ilghcon. The adhesive.layer was deposited by a
sputteri ngaﬁgé)ecseg%%é E‘Q%Gam@h&&nwﬁreﬁeﬁs coptipg 8?8?? Reasepy myventignion
silicon suhiceavear oirthedeadhysuffatger having a thickness of about 0.3

m crons to about 0.5 mcrons was deposited. A wear resistant low friction
coati ng was deéogai t ed o% the silicon adhesive |ayer. The wear resistant
coating conpri SEENG R FIGTRe aviydrodyBamis bearieg 43 ishgwnanitp sonfegloséaring by a
sput t esi NGuiERRE WhitH iViisShleaB dMRY thedacs AHIthe" rip apearbon
target. A wear resjistant coating having g tﬁitbgncggg@gi%gggm Hi(ggHmT@?ons to
about 2 nireA¥NaRElS krasipgi iseshowmincareratedsinsa apindteoatidtary 18X hT i tdesign

I I ent; i f i st ant d
adhesi ve 5”3?3‘?5 % 8 Rolbh B TSl 14 hataBl Sl fo & oA o B 5Bt B8
l;eari ng desiugas aiegppémbdﬂisbbma?m\/texmrﬁbmmsw%m a_aJdWih‘éﬁ}i%é q?s {rﬁy
goonet 1| ccHe HBRRP 158 acke i 4 Seve 158 whikh elate ety the shatt. The' 2006,
VO 031®44st80t BANeUFORMRHBd 20 AR #60, Riich &P BE Sibotbdrhtdd 'R cyvearpgbﬂgast ant

u

coating off H}E{F%res.en invgn ion to reduce wear on _the bearing rraces.
Referring '8 ouging bage | RAPRE WHR s85Pegt tosFigh A hei dlepveotilcreceivear i ng
5 surf acehe jodnah163 ot'stit €53 andhi : ' of i f FIG
1. The hy r(%d nam c geari ng isnghgﬁpFﬁﬁg‘FqB%Pg?ﬂeeggﬁ %g’ g(?orlsbr?g%erg%&}%ﬂgﬁo.
The desi gtP4 ARE lQWRIshemisphere shaped eancave raceptacie 466bAYfilcbalpl 188 iscalso shaf t

152. The sBabbd k82a resE\sf ' e rti 54 and
a | owner h@rm' Sphere or pon\?gga@oﬁﬁogﬁa%ghégu |e€e d? ﬁ&g&sﬁﬁgg‘@gr f%g ich
rot atBs rREpYgeveearing Hividsafthe Mydrodynamiaf bearing i Xieall rptort  #4 hindiutles aa base
160, whi i t ' S It fro he housi ng base 12
deseri bed o TP, TAEAEH B ed8 e P B oRd.os i Brodunenin oopind fa 162
of shaft the2atmesphase.uhpeopératiors phies ebedringed sho@NC &V ethisS CRRIFAC ESmprise

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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164 and | ower hem sphere shaped concave receptacle 166. A fill hole 168 is
also provided to a reservoir 159 in (as drawn, the uppereécp#%gx menber
152, to 15 provide bearing fluid to the hydrodynam c bearing. or 114
includes a counterplate 170, which is used to close off one end of the
hydrodynam c bearing to the atnosphere. In operation, the bearings shown
inthis figure conprise hydrodynam c bearings in which fluid such as oi
circul ates through gaps between the fixed nenber, which is the shaft and

t he rotatwag: 8eResq iswhich in this case is the 20 sl eeve. One or nore of

t hese bearing surfaces may al so be coated with the wear resistant |ayers
of the present invention. Wile foregoing is directed to the preferred

enbodi ment, of AbRcRrigs8blagels &ﬂkbﬂﬂxmﬁéher and further enbodi nents of the
invention may be devised wi thout 25 departing fromthe basic scope thereof,

and the scope ¥ RBYEGFNIMNIREEMIFIAYY by the claims that follow 1 1 NAY

2001 What is chstofisshry Sember hdHissied With @ospbOf B38e PYSIRATPERE G Wﬂg . a
housi ng havi n central axis; 5 a stationary nenber that is #lxe W th

respect to°t g“ﬁéﬁ@ing and coaxial with the central axis; a stator fixed

with respect twosttivefitealsitngspacttotal tdusiagErBeiabldAbmiber fhek 8t@ald e about
the centr i S W respect to.the stationary nmenber; a rotor supported
by the ro@aqugﬁeece\rlﬁéﬁgoexr's“é' eﬁ%egq(ié? PF&%V”EWJE?%’BGPO the 10 stator; at
| east one dat & St@sayeoriicsyy ibbtrefchssle trendsed codaxadgetivblyrcdupRed totips abl e
menbel, Yo I ' hgﬂg roximate to the data storage disc
f or conﬁﬁﬁ?égﬂgﬁgc§%$ﬁm?ﬂ%kgg§cf an r%dﬁ985§é§ﬁ%ﬁrﬁmbggf?ﬁ@ije
interconﬁ@@PPﬁ@ the stationary nmenber and the 15 rotatable nenber, the
beari ng havi n%n%cfb&%ﬁ%g%@ﬁin%ﬁ%tcﬁﬂp@k\md@&% fh%%o"l’glsfg% |scfaf2>r resistant,

[

| ow frictional coatin aving a ckness w thin a ramnge of about 3000
nanonet er<®MBUAEIING Whedsasand. The di sc drive storage systemof claim1

wher ei n t he WesHycdfREh&nbedry ifol&nh88#g thé tfiBA M éFQ:fnd%ﬁ(? amor phous
drogenateg anor phous carbon, nitrogenated

carb E, duagﬁgd-li e carbon, hydr _ _ _
anor g ouLP'eKId e &rTB% Qﬁa@r@ﬁqﬁl%’ﬂg@q’r PRe@ 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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carbon, nitrogenated di anond-Ii ke carbon and conbi nati ons thereof. 3. The
di sc drive storage systemof claiml wherein the wear resilstlaMAYIZMﬁ
frictional 25 coating conprises two or nore |layers. 4. The disc drive
storage systemof claim1 wherein the wear resistant |ow frictional
coating is deposited by at | east one of the physical vapor deposition
(PVD), chem cal vapor deposition (CVD) and plasma enhanced chem cal vapor
deposition (PECVD). 30 5. The disc drive storage systemof claim1l wherein

the vear esi syantsCORbisfiddSsystb SR&INS @ﬂer@ﬂh@éé}éﬁeéi\@ﬁgr r CORnrikes. | 1 MAY
2006 6. The disc drive storage systemof clarm erein Y%e adhesi ve | ayer
conpr i sesChremimistiern. #fqniivsa Arcanivrarsiioen caibidsorndieemeinbliesrinearbi de and
conbi nati ons thereof. 7. The disc drive storage systemof claimb5 wherein

t he adhesjve layer has a 5 thickness in the range of about 1 nanoneter to
about 1 nf-cr onNegliscriye gicegaei o Fritimgevhsieindhe eehesivailas haher ei n t he
adhesisve thayesssirsthe efrass dfetbouby nahorhers to @Bsutafmiglaysi cal vapor deposition
(PVD), chem cal vapor deposition (CVD) and plasma enhanced chem cal vapor

deposition (PECVD). 10 9. A notor conprising: a housing having a central

axis; a siati oherdgjscraeind eorddaaystes dficke SWHidieih B5PeEResh@ 1dyRe iskRpstifag and
tral ixed with respect to the

coaxi al w t he ce xi s: 15 a. stator ¢ )€

housi ng; \%a?; (%}o' X 817 8PW%8€VW596P(§S%}O&(§Y§)OFéerﬁi%’h\foqqﬁge{?@ HOHCVARi s with
respect tandmpiesmag eaharorearshemiodiempoedemisition (REMML ed by the rot at abl e
menbe and magnetical ly coupled to the stator; and 20 a hydrodynami c
bearing interconnecting the stationary nenber and the rotatable nenber,
t he bearihg havinetpraomesing: one wor ki ng surface including a wear

resistant, | ow fdismhineRm Oc(g@.{fjomgxigyavi ng a thickness within a range of
about 3000 nanonetérs to about 5 m crons.
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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25 10. The notor of claim9 wherein the wear resistant, low frictional
coating conprises anorphous carbon, dianond-1ike carbon, hydrogenated

anor phous carbon, nitrogenated anorphous carbon, hydrogkmhmﬁw gwﬁnond-like
carbon, nitrogenated di anond-1i ke carbon and conbi nati ons ther . 30 11.
The nmotor of claim9 wherein the wear resistant low frictional coating
conprises two or nore |ayers. 12. The notor of claim9 wherein the wear
resistant low frictional coating is deposited by at |east one of physical

vapor deppsiti ' . : i.tian D),.and. pl asma
enhanced gﬁenf@gfﬁégg%ﬂjﬁgﬁggﬁg%gﬁﬁ%8EE®%§Q%B€§R}hgmﬂkigééwg“gggn? e notor
of cl ai m® ehedeesprtiagerwear resistant, low frictional coating is formed on
an adhesion |ayer. 14. The notor of claim 13 wherein the adhesion |ayer
conprises chromum silicon, 5 titanium zirconium silicon carbide and
conbi nat i Yns t'hemegder of piimTisevhaneip theddhgsionieves camerisss ghidmiumdiiiesnon | ayer
has a st higmesszricBnilMesilcaR@Rirbi@é aAlRYnbindiBROIMBILRF, t 0 about 1 micron. 10
16. The notor of claim 13 wherein the adhesion |layer is deposited by at

| east one of physical vapor deposition (PVD), chem cal vapor deposition
(CVvD) andispl :itgna n;]cﬂgﬁtﬁdllﬁﬁr@ 1BRETEr€iA the/@grdsiof &Res héid @ fhididRBis\ihe rdikge A rmmtjor,
conpri si ng: rodynarmi c bearing interconnecting a stationary nenber
and a rongEBPEPhﬂ%ﬁg@?%QWﬂ%¥%FH“?ﬁ@'hydrodynanic bearing has at |east one
wor ki ng surface; and the at |east one working surface includes a wear

r edugizng an er.eo Vi a thickness within a ran of  abput 3000
nanoﬁgt er]slg?3 t osrg%g"lﬁfg%oqﬁpo?rpdgg{heﬁn AFREORPET s 8?%%38%"1"7 '?ﬂ‘?g?ré‘? n the
wear r ed@physiandamoridepbetiore@Von chrmicul hesoratepmsitiors (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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