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[0001] This application claims benefit of United States provisional patent

application serial number 60/391,375, filed June 24, 2002, which is herein

incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to the field of hydrodynamic motors for
disc drive data storage devices and, more particularly, to a spindle motor with
one or more bearing surfaces having a low friction, wear resistant coating

thereon.
2. Description of the Related Art

[0003] 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 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 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 micro-inches above the disc surface.

[0004] In the current generation of disc drive products, the most commonly

used type of actuator is a rotary moving coil actuator. The discs themselves are



one or more bearing surfaces having a low friction, wear resistant coating thereon. 2. Description of
the Related Art [0003] Disc drive data storage devices, known as "Winchester" 8% di¥8=gfRes, are
well known WaHRSUHALEHY. In a Winchester disc drive, digital data is writtenPCTAMRRIeH 99N 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  colisriNgiyisiPrasiiPASmBRAENARE hiticaly A grBAaasSOTRspIhaRh each disc

surface. The heads are selectively moved under the control of electrgnic circuitry to any one of a

plurality of cir€APiPTcdheTiRtionsh sreed shthashiRdIe A i RIRGsRIuERHENSS B ch slider body

includes a selfrRgbpdridis BRAGINY SWHRECcARIOR Bisth Ieletaninaeafis paiaassHtBRMRatatbe air
bearing surface, which develops a lifting force that causes the slider to lift and fly several micro-inches

above the dis&80ACHINRSEA othsstalos \YigEINgS 06 1er MRt ¥iraLsRIRAIE ERA9E commonly

used type of ag{uaiy Kadd Yeen MOHBIS%eF B BT0 RPMITIHbegh dvee At eedhAdIBeCEMBER
2006 WO 2004/001744 PCT/US2003/019911 typically maunted in a "stack” on the hub structure of a

brushless DCRHIBReARRYrSRIREIR FRALAFREELS 19r {ePRIAM. B8P BRMs LR QA REM by

motor drive CignHteapajaich controls both the timing and power of commutation signals directed to the
stator windings of the motor. Typical spindle motor speeds have been in the range of 3,600 RPM.

RPM and aboT 30005 IR b e HHBEL UL Ob e T B NGt QU8B devices is the
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“hydro” bearings, such as hydrodynamic or hydrostatic bearings. A

hydrodynamic bearing relies on a fluid film which separates the bearing

surfaces and is therefore much quieter and in general has lower vibrations than

conventional ball bearings. A hydrodynamic bearing is a self-pumping bearing

that generates a pressure internally to maintain the fluid film separation. A

hydrostatic bearing requires an external pressurized fluid source to maintain the

fluid separation. Relative motion between the bearing surfaces in a

hydrodynamic bearing causes a sheer element that occurs entirely within the

fluid film such that no contact between the bearing surfaces occurs.

[0006] In a hydrodynamic bearing, a lubricating fluid 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 interfaces. This is desirable because the increased
bearing surface decreases wobble or run-out between the rotating and fixed

members.

[0007] 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 device, and often in a manner that is not



hydrodynamic bearing relies on a fluid film which separates the bearing surfaces and is therefore
much quieter and in general has lower vibrations than conventional ball bearing& PERYEFEdamic
bearing is avsOIRPUWIPIRG bearing that generates a pressure internally to megifais2aas/gaai film
separation. A hydrostatic bearing requires an external pressurized fluid source to maintain the fluid
separation. Relative motion between the bearing surfaces in a hydrodynamic bearing causes a sheer
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continuous Wr?(?%{gﬁigg_esult, the gap between bearing surfaces gradually changes over the lifetime of
the device, a ten in a manner that is not 2 20 DECEMBER 2006 WO 2004/001744
PCT/US2003/019911 uniform across the bearing surfaces. This results in reduced performance and
eventual failuSUNMMARNOF i TR EAINMENINI@Nor a gas lubricated hydrodynamic bearing, low frictional
properties for the bearing surfaces is also required. [0008] Therefore, there exists a need in the art for
hydrodynamidd®oR] beafihg dist¢abrixcrdatagiorpgs evsteraofdbistareseat iwedindio foindhictzmal

properties. SUMMAR G REvIHdTBaMT AR, QQet e b faiisRkedsmriagpatine present

invention includes
to the housing and coaxial with the central axis, and a rotatable member that is

rotatable about the central axis with respect to the stationary member. A stator
is fixed with respect to the housing. A rotor is supported by the rotatable
member and is magnetically coupled to the stator. At least one data storage
disc is attached to and is coaxial with the rotatable member. A hydrodynamic
bearing couples the stationary member to the rotatable member. The
hydrodynamic bearing includes at least one working surface having a low-

friction wear resistant coating thereon.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] So that the manner in which the above recited features of the present
invention are attained and can be understood in detail, a more particular
description of the invention, briefly summarized above, may be had by
reference to the embodiments thereof which are illustrated in the appended

drawings.

[0011] 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.

[0012] FIG. 1 is a top plan view of a disc drive data storage device in

accordance with the present invention;



a housing having a central axis, a stationary member that is fixed with respect to the housing and
coaxial with the central axis, and a rotatable member that is rotatable about the?®8RtFPaRi&With
respect to theGgatiegpekidfember. A stator is fixed with respect to the housR{(L/BS293r10i$Upported by
the rotatable member and is magnetically coupled to the stator. At least one data storage disc is
attached to and is coaxial with the rotatable member. A hydrodynamic bearing couples the stationary
member to thepoatgtableRi@nibar alswrtiydiodemactia hydnodyinsaiteserriagss mindlevenbitoy surface
having a low- friction Wearv\rﬁ%mglant co%ggg therr]tﬁoR= BRIEF DESCRIPTION OF THE DRAWINGS
[0010] So thaPfif® Fﬂgﬁﬁgr I WHIEHPIRE DEFEERBY features of the present invention are attained
and can be understood in detail, a more particular description of the invention, briefly summarized

above, may bipota] by felerchde adiagramisoalit sectiorabyienhihihedydsnditeaniaheappended

drawings. [Y0LAIAS IAGGrioiech ARWENTe 523 ia-tependel damiteriaials @ u g oo

embodiments IS invention and aretherefore not to be’ considere of its 'scope;, for the
invention may admit to other equally effective embodiments. [0012] FIG. 1 is a top plan view of a disc

drive data stole@flevicE!fa- 4deFpRR wRiMiave YrElenBintReving pwdiistion wesresitiantvo
2004/001744 ESafiftd2 48HA41dn%one HIMRRL FdFking SArRRELBRMVEN A HOMErRRYPeaMRPearINg

spindle motor in accordance with the present invention; [0014] FIG. 3 is a diagrammatic sectional view
of the hydrod)ﬂ*ﬂﬂnic bearing spindle motor taken along line 3-3 of FIG. 2, with portions removed for
clarity; [0015] FIG. 4 is a close up view of FIG. 3, showing low friction wear resistant coatings formed

on one or moyeawey king FIGfaseR of tedtvaidyramist kearrBodyhmic bearing with conical

bearing surfaces.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0017] The present invention is a disc drive data storage device having a
hydrodynamic bearing spindle motor in which one or more bearing surfaces
have a low friction wear resistant coating thereon. FIG. 1 is a top plan view of a
disc drive 10 in which the present invention is useful. Disc drive 10 includes a
housing base 12 that is combined with top cover 14 to form a sealed
environment to protect the internal components from contamination by

elements from outside the sealed environment.

[0018] Disc drive 10 further includes a disc pack 16, which is mounted for
rotation on a spindle motor (not shown) by a disc clamp 18. Disc pack 16
includes a plurality of individual discs, which are mounted for co-rotation about
a central axis. Each disc surface has an associated head 20, which is mounted
to disc drive 10 for communicating with the disc surface. In the example shown
in FIG. 1, heads 20 are supported by flexures 22 which are in turn attached to
head mounting arms 24 of an 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 a rotary actuator is shown in
FIG. 1, the present invention is also useful in disc drives having other types of

actuators, such as linear actuators.



[0016] FIG. 5 is a sectional view of a hydrodynamic bearing with conical bearing surfaces. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENT [0017] The present inventid "2 8 ¢%rive
data storagav@e2e€t9aidmg a hydrodynamic bearing spindle motor in whiclP6RaI82M#EHHaring
surfaces have a low friction wear resistant coating thereon. FIG. 1 is a top plan view of a disc drive 10
in which the present invention is useful. Disc drive 10 includes a housing base 12 that is combined
with top covel@9p fornksied seationahdemebaokydradynamicabearimgpsgintiiérartonimamination

by elements { I ; led enyir at. [ | ' further.includes a disc pack
16, which is n’n%%t%?tﬁgee Pgﬂttg't?csﬁrg hA %ﬁtn@@%&%ﬁﬁi@é&vﬁ%& g%}é@ Ec]%?nrle) S_L%Ig IE’)ri‘s%c'%pack 16
includes a plunagitglugni Idiy @l babdds sndiactados 38 unttheformbmdinzeintshiowut in EHBtra) thés. Each

disc surface h n i hea (Gh s & ' A Q for munigating with the
disc surface. I%%ﬁgneﬁiﬁp%%%&%ngi%@mﬁ?ﬁgﬁgg%%%ég%%ﬁﬂ%& g)?ufgg] Er? l\%ﬁi% are in turn
attached to heati4f@ndiagashe P4 HubaafilistotemdnasciEdevdthisitaft Sebthnongh@. | is of the
type known ag a rotary mavying coil a: t inc vajcecoyl own: generally
at 25, Vorce COI I o Bea g P E R S e P R BB A 30 o
position headwatkingesarfdess dd dad 4G cndlaniglanaiking teuptabe \vilardrdr$batuddbr is shown in
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is a sectional vimulafinchtftkdbliid sisiogtivriwg riingdte asnes of thecbedding: lwibritatipgeBeid invention.
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nut 40 and a \ivieHier aP shiafb 34 is inkax@wnmeemtewith shaft 34 through a

[0020] Spindle motor 32 further includes a thrust bearing 45, which forms
the axial working surfaces 48 and 50 of hydrodynamic bearing 37. A
counterplate 62 bears against working surface 48 to provide axial stability for
the hydrodynamic bearing and to position hub 36 within spindle motor 32. An O-
ring 64 is provided between counterplate 62 and hub 36 to seal the
hydrodynamic bearing. The seal prevents hydrodynamic fluid 60 from escaping

between counterplate 62 and hub 36.

[0021] Hub 36 includes a central core 65 and a disc carrier member 66,
which supports disc pack 16 (shown in FIG. 1) for rotation about shaft 34. Disc
pack 16 is held on disc carrier member 66 by disc clamp 18 (also shown in FIG.
1). A permanent magnet 70 is attached to the outer diameter of hub 36, which
acts as a rotor for spindle motor 32. Core 65 is formed of a magnetic material
and acts as a back-iron for magnet 70. Rotor magnet 70 can be formed as a
unitary, annular ring or can be formed of a plurality of individual magnets that
are spaced about the periphery of hub 36. Rotor magnet 70 is magnetized to

form one or more magnetic poles.

[0022] 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



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, 563 76"58}R&E supply
lubricating fNYid BO41d ddsist in circulating the fluid along the working surfeREE B 2¢(18/BEAINg.
Lubricating fluid 60 is supplied to shaft 34 by a fluid source (not shown) that is coupled to the interior
of shaft 34 in a known manner. [0020] Spindle motor 32 further includes a thrust bearing 45, which
forms the axibbe@rkihtheugivesnswndretheicthydebBs antcaidaare) Glampsuficmpiieh &2 bears

against Workirg%éw‘g%@é%g(%%vmpoggw Eg{)tlgiliitg_for the hydrodynamic bearing and to position hub
tor 32. An

36 within spindle mo -'ring 62 15 provided between counterplate 62 and hub 36 to seal the
hydrodynamic bearing. The seal prevents hydrodynamic fluid 60 from escaping between counterplate

62 and hub 36098%121] HueBMKHakiRR pUseHBRPESFIB Siater yindings MdrGRBRTBES BaOtANEh
supports disc &6 SRMh I EdmnidARiESath 3BRIH FRRf S7 D155 RatsdS b eld /) disc

carrier member 66 by disc clamp 18 (also shown in FIG. 1). A permanent magnet 70 is attached to the
outer diametefobaiaualssiteariakaES LR RTINS pIAdIES soMButetipe pylsemhATRtBed magnetic

material and geis@sadckiEeRPDOUWRNE HURIS MARSRE IS SIS sddnermaip unitary, annular

ring or can be formed of a plurality of individual magnets that are spaced about the periphery of hub
36. Rotor magieieksimahuindngs toaniveberelerdagtetarperiyrahds spsedor 38 is attached

to base 12 and includes stator laminations 72 and stator windings 74. Stator windings 74 are attached

to |am(;nr?tign5{(701415tatqlht\)/ﬂim&lﬂ§c7dirﬂ&\$§ﬁ@% incFadly frospirediy mewres/ 3 9 ‘Yiswotor magnet
70 and hub 36 to rotate about a central axis 80, Stator 38 is attached {p 5 20 DECEMBER 2006 WO
200410017 44 PO V2D FASIES 1 P50 5100515 Dt A5, AL RAOIAhBER ot N A Gt

or more
C-clamps 76, Stateht 56 stsoiieskta fagibpseditisnigiatusltsdéinal to hub 36, such that stator

windings 74 are secured to an inner diameter surface 82 (FIG. 3) of laminations
72. In an alternative embodiment, the stator is positioned within the hub, as
opposed to below the hub. The stator can have a radial position that is either
internal to the hub or external to the hub. In addition, while FIG. 2 depicts a
spindle motor with a fixed shaft, the spindle motor may have a rotating shaft. In
this case, the bearing is located between the rotating shaft and an outer

stationary sleeve that is coaxial with the rotating shaft.

[0025] FIG. 3 is a diagrammatic sectional view of hydrodynamic spindle
motor 32 taken along line 3-3 of FIG. 2, with portions removed for clarity. Stator
38 includes laminations 72 and stator windings 74, which are coaxial with rotor
magnet 70 and central core 65. Stator windings 74 include phase windings W1,
V1, U1, W2, V2 and U2 that are wound around teeth in laminations 72. The
phase windings are formed of coils that have a coil axis that is normal to and
intersects central axis 80. For example, phase winding W1 has a coil axis 83
that is normal to central axis 80. Radial working surfaces 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. 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, c, during normal operation.

[0026] FIG. 4 depicts a close-up sectional view of the hydrodynamic spindle
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[0023] 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 275 &¢' i Bring 37.
The commue@aaod@ed4are timed, polarization-selected DC current pulseBGRAIS2600 Hi&8tdd to
sequentially selected stator windings to drive the rotor magnet and control its speed. [0024] In the
embodiment shown in FIG. 2, spindle motor 32 is a "below- hub" type motor in which stator 38 has an
axial position thatos 32lof\FhGb REitGtator B6thlsadiaisrnorkiuhiglpotiies thhipisd46afal to hub 36, such

that stator wipdings, 74 are secured toan inner diame r G, 3) of laminations. 72. In an
alternative empt}/c();| |£¥H?%§%Eﬁgp% pogi}?grrkz%%l%ﬂlnaﬂeﬁﬁlﬁ;gg%gggp%%ggé; (S Derow 'PF%P th. The
stator can hafedtiondaEaosisistdrdtdeatitigs 4btcand 46 ¢thé dwifrmtioxtewertogsisthob. In addition,
while FIG. 2 depicts a spindle mator with a fixed shaf indle.m may have a.rotating shaft. In
this case, the %(g%lln%s i‘sf‘%c%? crth?eCt\'Nme%rr?Yﬁe{ rgtgtlenag L%ggtgﬁ ea%?féﬁ%é% g’¥§ﬁ‘gﬂgr§ﬁ:ﬁfgg\?§ %%t is
coaxial with trencb#8iby siekin{Da2HiRt B aca Tt endmbtmere byalcabyvdfraptroligtamic spindle
motor 32 taken along line 3-3.0f FIG. 2. with portions ved, for clarity, Stator 38 jncludes
laminations 723 Igtgﬁ)?%?ﬁaﬂgdéuﬂ% Whic |grree(c:lglg)§§?€ﬁ% qugrmmma%%ﬂe/ﬁ %%Cbean Al core 65.
Stator windindaili#eraflwetrihg suurfavaingd \afd 461, The, iR fitiangvidathras stantaoatirggeund teeth
in laminations,Z2. The ,phase windings are formed of.cpils that have a cqjl axis thatds normal to and
intersects cen%r4a(f g%‘gﬁ%c 6?@)%&%%{05 asvé/eve{n'fﬁﬁb %ﬁcﬁa@ ga § gg(?qs!%gr%ﬁtglsfl%roarmal to central
axis 80. Radialleankicg stirfhat setdaamsl eithstahl/ thomygtzonictbe difietin® efrthio apied lByniotoouter
diameter surface of shaft 34 and the inner diameter surface of central core 65. The shaft 34 and

central core Ggy533y be-PRISHHHRAiGh ARSI HISAAS I FKRMBIE oFG A AATIRHRrigRAlIal

working surfaces 44 and 46 are separated by a lubrication fluid, which maintains a clearance, c,

during normalcepepassa. gbdes ERAM PGl WeAR [Eoistanh HetarahsVRWAST AMORYIPY&ynamic spindle
620 DECEM%E!%&Q,QQ‘ diamond-like carbon with a low friction top layer of, for example,

hydrogenated amorphous carbon, nitrogenated amorphous carbon,
hydrogenated diamond-like carbon, nitrogenated diamond-like carbon, as well
as a sulfide of a Group VIB metal, such as tungsten disulfide (WS,). The low
friction top layer provides a wear resistant surface having a low coefficient of

friction (coefficient of friction less than about 0.1).

[0028] The wear resistant material layer may have a thickness in a range of
about 100 nanometers (nm) to about 5 micrometers (um). The low friction top
layer may have a thickness in a range of about 5§ nanometers (nm) to about 50
nanometers (nm). The preferred thicknesses for the low friction, wear resistant
coatings 44c and 46¢ are dependent upon factors such as the composition of
the outer diameter of shaft 34 and inner diameter of central core 65, the

magnitude of clearance, c, surface roughness and loading, among others.

[0029] In one embodiment, protective layers comprising low friction wear
resistant coatings 44c¢ and 46c¢ are deposited by physical vapor deposition
(PVD) such as by a sputtering process. In another embodiment, protective
layers comprising low friction wear resistant coatings 44c and 46¢ are
deposited by chemical vapor deposition (CVD), such as plasma enhanced
chemical vapor deposition (PECVD). In another embodiment, protective layers

comprising low friction wear resistant coatings 44c and 46c¢ are deposited by



WO 2004/001744 PCTIUS211113 /111 9 91 1 motor 32 of FIG. 3. Either or both radial working
surfaces 44 and 46 of hydrodynamic bearing 37 may be treated with protective 1AYEEE6PSing low
friction, weaWR208tik1Zbatings 44c¢ and 46c¢. Low friction, wear resistant c@&tFgS20a0ap) U6c
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 faireciivaBpngifEHathe fdwktéh Wealaedikeinncamge msialsepplings 44c and
46c¢ provide improved wear resistance and ?enerally rovide for a clearance, c, that remains constant

throughout th&MesterRAIPHNERReRNcSRS FOfRaTPIR: INF1PeED{HakaF RitRasR{Msd#Pgs 44c and

46¢ may comprisRiAcE RPN RisiaPxRMBRLE ficieRalrgRiPanidy akRiiabpuch as amorphous carbon,
or diamond-like carbon with a low friction top layer of, for example, hydrogenated amorphous carbon,

nitrogenated amorphou ban, .hydrogenated diamond-like carbon, nitrogenated diamongd-like
carbon, as welff03% asums?a%rétﬂ?% V[Vacfr' rﬁ%ﬂ 3’??[5;{8&{8??% ﬁgQQ .aﬁlae % friction
top layer provigiegeneistingesisiantglerfagerbafitgeavear cesfitaat nadtdricliandapeffoie fctidriction

less than aboyt 0.1). [0028] The. istant material | have a thickness in a f
zbout 100 naPRYENTE (R B A0F SRR AR R B B GNP e

thickness in ageatiegsf4hoehd Hesametersisnof)iuitiblaitoatingnayeesels iofler degirafdered
thicknesses f(ir tge Ios/v iction, wear resistant coati 6c are on factors such

f , 44 d den
e o sormpo MR D A AR SEET L PRALROS Ae.APR A8 A RonP 5 B MBI aNe
magnitude of Hesderce praddacptiongindisssivn iealliog cravknyopaerstiold ana]tiongrerebodiment,
tective | isi fricti ist ti 44 4 d ited b
Pvsical vann PSR O By Eh AU LS (O LeL I AR DR bodment. protective
layers compriginpdinfectolowddctiosisteat cesititays 4datangb 4Bk arad didaosie tiyectveornacal vapor

deposition (CVD), such as plasma enh nC{ad ciherqical vapor deposition (PECVD). In another
embodiment, [} re layers Ji wear résistanit material.

[0031] 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 the protective layers comprising low friction
wear resistant coatings 44c and 46c¢. Adhesive layers 44i and 46i provide
improved adhesion and mechanical properties for low friction wear resistant
coatings 44c¢ and 46c¢ to the outer diameter of shaft 34 and the inner diameter
of central core 65. Adhesive layers may comprise for example, chromium (Cr),
silicon (Si), titanium (Ti), zirconium (Zr), silicon carbide (SiC), and combinations

thereof.

[0032] In another embodiment, one or more adhesion layers 44i and 46i
may be used in combination with one or more low friction wear resistant
coatings 44c and 46c¢. For example, an adhesion layer may be used in

combination with a wear resistant material layer and a low friction top layer.

[0033] The thickness of adhesive layers 44i and 46i may be in the range of
about 1 nanometer (nm) to about 1 micrometer (um). The preferred thickness
of adhesive layers 44i and 46i is dependent upon factors similar to those
enumerated above for low friction wear resistant coatings 44c and 46c¢. In one
embodiment, either or both outer diameter surface of shaft 34 and the inner

diameter surface of central core 65 are treated with a nickel (Ni) or nickel

8



comprising low friction wear resistant coatings 44c and 46c¢ are deposited by 7 20 DECEMBER 2006
WO 2004/001744 PCTIUS211113 /111 9 91 1 ion beam deposition. The low frictidf F¥EF T8 tant
coatings ma¥y @40 1§puttered in the presence of, for example, hydrogen PEZJE2oyotom1(N2) to
enhance the wear resistance and frictional properties thereof. [0030] While FIG. 4 depicts low friction
wear resistant coatings 44c and 46¢ as consisting of a single layers of the wear resistant material and

the low frictiophiegplaider (Nii3)vpthimi sohaipe o dh o riepdiitirg raidiecomelipyions Weipanesdgant
coatings 44c and 46¢ tg.consist of multiple coating layers. lf.is pften desifable for low friction wear
resistant coatff QWfECZI?d‘A’%%%fééféaﬁtd?mﬁié;ﬂacé\?gééﬁ ﬁ%’éer% [ﬁﬂﬁglgﬁ%m&kgghesion,
reduce crack pratiegabiutians idmarsy®ecoserkion resistance of the shaft 34 and the central core 65.
In one embodiment, low friction wear resistant coatings 44c¢ and 46¢c comprise two or more layers of

wear resistan rial. In dj r esh y, i 461 are
deposited ont e outer ﬁ%ﬁe?%%%ﬁ%j’aéﬁﬁ %ri]\g](%gfén@%ﬁ o?g?en@gﬁggrgeégéﬂg?;%&ively, prior
to depositing ey picabetiper alapesitiomp{iif) awvdhc by\aesputieringnp rsassy tniadnadiner46e.
Adhesive laye i 6i_provide. | ved. ! ical i r low friction
wear resistan %gétqﬁgg 'itm?%éﬁﬁéﬁ% @P [%1% gg{%r% |§r6r?e (f}ﬁp géﬁwge%l;l %ﬁ %%ﬁgﬁﬁﬁ%@?é |gﬁeter of
central core 68epatitisivéC¥R)ssudy asplasseafenbancgdc;amicalivapor)dephsitio(Si), titanium (Ti),
zirconium (Zr),sHi i iC) inati ther 0) ofher ' t, one or
more adhesio @@Sﬁgpando ?Cgr%rg;ﬁ %gﬁ%&? %%%H@ﬁz%révﬁﬁﬁigo%gﬂé?g ?(%\%ﬁ%g%?n%&/ear
resistant coatbmbedin slepdsitioror example, an adhesion layer may be used in combination with a
wear resistant material layer and a low friction top layer. [00331 The thickness of adhesive layers 44i

f‘rl?gkﬁiisr;ay h§ossihe ranashel AEimBAD IS RIHRMIASBR Mk PHEPIBEIBh RN thereferred
adhesive layer and/or low friction wear resistant coating. ln the case where no

adhesive layer is deposited, the substrate may be etched prior to depositing the
low friction wear resistant coating. 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
(Ar).

[0036] Alternatively, or in addition to low friction wear resistant coatings 44c
and 46c¢ deposited on the outer diameter of shaft 34 and the inner diameter of
central core 65, low friction wear resistant coatings may be deposited upon
other working surfaces of the spindie 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 discussed above,
may be deposited prior to the deposition of the low friction wear resistant

coatings.
EXAMPLE 1

[0037] An adhesive layer was deposited on a steel substrate. The adhesive
layer comprised chromium (Cr). The adhesive layer was deposited by a
sputtering process, in which an inert gas sputtered material from a chromium
target. A chromium adhesive layer having a thickness of about 0.3 micrometers

(um) to about 0.5 um was deposited.



of adhesive layers 44i and 46i is dependent upon factors similar to those enumerated above for low
friction wear resistant coatings 44c and 46c. In one embodiment, either or both BHEFHRTHERr surface
of shaft 34 an@ etipiigsd4diameter surface of central core 65 are treated wilCE/HEROS/MIY Ur nickel 8
20 DECEMBER 2006 WO 2004/001744 PCTIUS211113/111 9 91 1 phosphide (NiP) plating solution
prior to depositing adhesive layers 44i and 46i or low friction wear resistant layers 44c and 46¢
thereon. ElectooBajs nicRewedtatiegistdntioraienay lalger heaasiengstedjan thesohmdsoiliment, adhesive

I 44i and t h

i another criiDSTE g oo S g A Pt Tt GO b TR IgED Coess
(CVD), such aegitdsntaratbeatEayehamscdé papited dyssisputt PREC DR dasaimivbicerabddienent,

dh I 44i and 4 db h
adhesive ayers £ |aﬂ |ar esr?@of?ltren 4 %ﬁ@g&?% geRQi%%e@ig%ﬂ IQ opg e{%t)é)alment the

substrate is egcahea prior ?O dgpo ayer an ction wear re nt coatlng In
the case wher@nmgaalmlemmdas@f |abmndsﬁqdnthensmnstemg)myaimatcmgmpmas thepepsitsiting the

low friction wear resistant co T e s bstrat: a%é;)e etct]edt Hexam sma etching
process. The M‘ﬁaétE‘ﬁ? EH]‘ @ i ?/ygf)r%%?rg) Baran e?u%ﬁlo %)\//?t%pf ns of an inert
gas such as, tubsteatiple, argon (Ar). [0036] Alternatively, or in addition to low friction wear resistant
coatings 44c and 46¢ deposited on the outer diameter of shaft 34 and the inner diameter of central

low f
Coindle motottbth ae. oY G arRIe Qo o RS iR e o

orking surf 8 on thrust bearing 45 or on lower surface
69 of counterfaser 6Phesloawiriatiencop |ayprti manyrladﬂégw@y\edss,@ﬂdﬁ 48/Bmsd lstaygsed above,

may be deposfied i R i ARROSLIS AL ) &S Bl GRS AT WARA BHSnert gas
sputtered material from a tungsten disulfide (WS,) target. A low friction top
layer having a thickness of about 25 nanometers (nm) to about 30 nm was

deposited.
EXAMPLE 2

[0040] An adhesive layer was deposited on a steel substrate. The adhesive
layer comprised chromium (Cr). The adhesive layer was deposited by a
sputtering process, in which an inert gas sputtered material from a chromium
target. A chromium adhesive layer having a thickness of about 0.3 micrometers

(uwm) to about 0.5 um was deposited.

[0041] A wear resistant material layer was deposited on the chromium
adhesive layer. The wear resistant material layer comprised carbon. The wear
resistant material layer was deposited by a sputtering process, in which an inert
gas sputtered material from a carbon target. A wear resistant carbon layer
having a thickness of about 1.5 um (micrometers) to about 2 um was deposited.
The wear resistant carbon layer exhibited excellent adhesion to the steel

substrate.

[0042] A low friction top layer was deposited on the wear resistant carbon
layer. The low friction top layer comprised hydrogenated carbon. The low
friction top layer was deposited by a sputtering process, in which an inert gas
sputtered material from a carbon target in the presence of hydrogen (H>). A low

10



EXAMPLE 1 [0037] An adhesive layer was deposited on a steel substrate. The adhesive la

comprised chromium (Cr). The adhesive layer was deposited by a sputtering pro@&SEMiF P@h an
inert gas spwtteretitBdal from a chromium target. A chromium adhesiveP@€¥8r33684M0d9%atthickness of
about 0.3 micrometers (m) to about 0.5 pm was deposited. 9 20 DECEMBER 2006 WO 2004/001744
PCTIUS211113 /111 9 91 1 [0038] A wear resistant material layer was deposited on the chromium
adhesive layéfriction twoalaesistaning at ¢higkleges obatwigc2bcaainomdtieesv(ear) tesibtautt 30aterial layer
was depositeiﬁ%y a sp tterl rocess, in which an inert gas sputtered material from a carbon target.
A wear resistAF ¥FBSIT %yer ﬁaving a thickness of about 1.5 m (micrometers) to about 2 m was
deposited. The wear resistant carbon layer exhibited excellent adhesion to the steel substrate. [0039]
A low friction t@(wﬁyer ﬂd@d@ﬁ)@ﬁé@%ﬁiﬂﬁi@mw&ééﬁﬁﬁm'@b@@@ﬁn@éﬂdrﬂdh@ﬁi\fﬁéﬁmfﬁop layer

comprised LRgRIRH IR BevothBINN i RBPITRBLPHHIFS BeRRRLEddYGASPUtiering process,
ateria

in which an |nertg S sputtere rom a tungsten disulfide (WS2) t get low friction top layer

having a t_hlcmm@fedbam\zs hemofriction waal esisient aothmnagw@erpﬁﬁﬁw FRKMSLE 2 [0040]
fin adhesive 1BYes 8> gg&mg Itggagn%aarﬁsiémgﬁé% BLEES IR LLBIRAREH chromium (C1).

The adheswe ayer w sputtering process, In wh| an inert gas sputtered material

from a chrom@geematges annﬂdhﬁeame@%%yéﬂﬁainhgr@ﬂhbmémMfﬁﬁﬂsm@mk%meters (m)
to about 0.5 0 JiaSFIGRASY olO0M fEYRAIIRAIALANG RIS kAR dredlP POSIKRShPBABR rom UM

adhesive layer. The wear resistant mat |aI ayer comprlsed carbon. The wear resistant material layer
was deposite@fipea prraenirigvsiierdoiredurenveainen the bearing surfaces.

[0044] Referring to FIG. 5, a hydrodynamic bearing is shown with conical
bearing surfaces, which is usable to drive discs in the disc drive 10 of FIG. 1.
The hydrodynamic bearing is shown incorporated in a spindle motor 150. The
design includes a drive rotor or hub 114 rotatably coupled to a shaft 152. The
shaft 152 includes an upper hemisphere or convex portion 154 and a lower
hemisphere or convex portion 156 received in a sleeve 158, which rotates
relative to the shaft. The shaft is fixedly attached to a base 160, which may be
incorporated in or supported from the housing base 12 described above with
respect to FIG. 1. The sleeve 158 receives the journal 162 of shaft 152 and has
upper hemispherical shaped, concave receptacle 164 and lower hemispherical
shaped, concave receptacle 166. A fill hole 168 is also provided to a reservoir
159 in the shaft, to provide bearing fluid to the hydrodynamic bearing. The rotor
114 includes a 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 a fixed member, which is the shaft 152 and the rotating
member, which in this case is the sleeve 158. One or more of these bearing
surfaces may also be coated with the low friction, wear resistant layers of the

present invention.

[0045] While foregoing is directed to the preferred embodiments of the
present invention, other and further embodiments of the invention may be

devised without departing from the basic scope thereof, and the scope thereof

11



gas sputtered material from a carbon target. A wear resistant carbon layer having a thickness of about
1.5 m (micrometers) to about 2 m was deposited. The wear resistant carbon layePeiBitetP ¥xcellent
adhesion toW{228t8d10 Sdisstrate. [0042] A low friction top layer was depositdtCHAIH80deEP tesistant
carbon layer. The low friction top layer comprised hydrogenated carbon. The low friction top layer
was deposited by a sputtering process, in which an inert gas sputtered material from a carbon target
in the presenie dgteyoingshby-Hhe Alamsih20fPRB®EMBER 2006 WO 2004/001744 PCTIUS211113
/111 9 91 1 friction top layer having a thickness of about 25 nanometers (nm) to about 30 nm was
deposited. [0043] The use of low friction, wear resistant coatings and adhesive layers for improved
wear performance is not limited to thrust bearing designs described above. Low friction wear resistant
and adhesive coatings may be used, for example, with spindle motors having bearing surfaces of
other geometries known in the art. Conical and spherical bearing surfaces may be coated with a
protective layer comprising the low friction, wear resistant coating of the present invention to reduce
wear on the bearing surfaces. [0044] Referring to FIG. 5, a hydrodynamic bearing is shown with
conical bearing surfaces, which is usable to drive discs in the disc drive 10 of FIG. 1. The
hydrodynamic bearing is shown incorporated in a spindle motor 150. The design includes a drive rotor
or hub 114 rotatably coupled to a shaft 152. The shaft 152 includes an upper hemisphere or convex
portion 154 and a lower hemisphere or convex portion 156 received in a sleeve 158, which rotates
relative to the shaft. The shaft is fixedly attached to a base 160, which may be incorporated in or
supported from the housing base 12 described above with respect to FIG. 1. The sleeve 158 receives
the journal 162 of shaft 152 and has upper hemispherical shaped, concave receptacle 164 and lower
hemispherical shaped, concave receptacle 166. A fill hole 168 is also provided to a reservoir

12



159 in the shatft, to provide bearing fluid to the hydrodynamic bearing. The rotor 114 includes a
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 a fixed member, which is the shaft 152 andzttwe¢evatiRgromember,
which in this case is the sleeve 158. One or more of these bearing surfaces may also be coated with
the low friction, wear resistant layers of the present invention. [0045] While foregoing is directed to the
preferred embodiments of the present invention, other and further embodiments of the invention may
be devised without'@&Bgirting from the basic scope thereof, and the scope thereof 11 20 DECEMBER
2006 WO 2004/001744 PCTIUS211113 /111 9 91 1 is determined by the claims that follow. 12 20

DECEMBER 2006, Claimg:dqs.cﬁdﬁ{i/%csgggges&r@gg §¥§¥SH§in omprising: a housing having a central
axis; 5 a stationary member that is fixed with’respect to the housing and coaxial with the central axis;

a stator that is fixed with REBEIPEMEYGUSHIY A Akatable member that is rotatable aboutthe central
axis with redpect to the siatiatargrnasheer fithaisied suppesited txyhe taiain emembesanwdn
magnetically couplgd to.fhe, sia.to r, at least one data storage disc attached to and coaxial with the
rotatable member, an actuator supporting a head proximate to the data storage disc for 15
communicating with the sfof@4 Higés4pgd with respect to the housing;

arotatable member that is rotatable about the central axis with respect to the
stationary member;
10 arotor supported by the rotatable member and magnetically coupled to the
stator;
at least one data storage disc attached to and coaxial with the rotatable
member;
an actuator supporting a head proximate to the data storage disc for
15 communicating with the storage disc; and
a hydrodynamic bearing interconnecting the stationary member and the
rotatable member, the bearing having at least one working surface comprising a low

friction layer formed on a wear resistant layer.

20 2. The disc drive storage system of claim 1 wherein the wear resistant layer
comprises a material selected from the group consisting of amorphous carbon and

diamond-like carbon and combinations thereof.

3. The disc drive storage system of claim 1 wherein the low friction layer
25 comprises a material selected from the group consisting of hydrogenated amorphous
carbon, nitrogenated amorphous carbon, hydrogenated diamond-like carbon,

nitrogenated diamond-like carbon and a sulfide of a Group VIB metal.

4, The disc drive storage system of claim 3 wherein the sulfide of the Group VIB
30 metal is tungsten disulfide (WS2).
5. The disc drive storage system of claim 1 wherein the wear resistant layer has a

thickness in a range of about 100 nanometers (nm) to about 5 micrometers (um).

35
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a hydrodynamic bearing interconnecting the stationary member and the rotatable member, the
bearing having atleastone working surface comprising a low fiction layer formed on a weariesistant
layer 20 2. The disc drive storage system of claim 1 wherein the wear resistant layer comprises a
material selected from the group consisting of amorphous ¢ aibo n and diamondolifeseatioraand
combinations thereof. 3. The disc drive storage system of claim 1 wherein the low friction layer 25
comprises a material selected from the group consisting ofhydmgenated amorphous carbon,
nitiogenated amorphous carbon, hydrogenated diamond-like carbon, nitiogenated diamond-like
carbon and a sulfife ofa G13EsVHEvRAStAR9S MHECAIY G dvigieRfatiVolictiamayfHirem the
sulfide ofthe Grouphidihesfimetahifetongsten slisauiboies (¥ o diendisn davie siekagmsystem of
claim 1 wherein the wear resistant layer hasa thickness in a range of about 100 nanometeis(nm) to
about 5 micrometers(pm). 35 13 20 DECEMBER 2006 6. The disc drive storage system of claim 1
wherein the low friétion lalj¥t H5S AiRiglGRES ASErAR] € BIBHoNDS ARHO ke iSSIRR HdSH it 50
nano meter§nm). fbrrhbe disardauacsiosaggesystem of claim 1 wherein the weariesistant layeris 5
formed on an adhesive layer. 8. The disc drive storage system ofclaim 7wheieinthe adhesive layer
comprises a material selected from the group consisting of chromium (Cr), silicon (Si), titanium (T),
zirconium (7r), silicon carBi§&'es @y &HaraembHiemicH s MEté el thhaHISEG 4SRRI E§stem of
claim 7 wherein the adhesiredyrsbasoa thickragsibasangeotadoutih ranamsasar@)timiabout 1

micrometer(pm). 18I)éim%$%@cgm&{iigm %84‘&}@)' Gaé/g%%gggﬁg%g@%;ﬁa stationary member

that is fixeci e/)vith respect t ousing and coaxial with the central axis;

9. The disc drive storage system of claim 7 wherein the adhesive layer has a

thickness in a range of about 1 nanometer (hm) to about 1 micrometer (um).

10. A motor, comprising:
15 a housing having a central axis;
a stationary member that is fixed with respect to the housing and coaxial with
the central axis;
a stator that is fixed with respect to the housing;
arotatable member that is rotatable about the central axis with respect to the
20 stationary member;
arotor 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 low

25 friction layer on a wear resistant layer.

11. The motor of claim 10 wherein the wear resistant layer comprises a material
selected from the group consisting of amorphous carbon, diamond-like carbon and

combinations thereof.

30
12. The motor of claim 10 wherein the low friction layer comprises a material
selected from the group consisting of hydrogenated amorphous carbon,
nitrogenated amorphous carbon, hydrogenated diamond-like carbon, nitrogenated
diamond-like carbon and a sulfide of a Group VIB metal.

35
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a stator that is fixed with respect to the housing; a rotatable member that is rotatable aboutthe central
axis with respect to the 20 sta tio no iy me mb e r, a rotorsupported bythe rotatable memberand
magnetically coupled to the stator, and a hydrodynamic bearing interconnecting the stationary
member and the rotatable member,the bearing having at least one working surfacecomgriEneg a low
25 friction layeron a wear resistant layer. it. The motorofclaim 10 wherein the wear resistant layer
comprises a material selected from the group consisting of a morphous carbon, diamond-like carbon
and combinations thereof. 30 12. The motor of claim 10 wherein the low friction layer comprises a
material selected from thE'gBAPEBhSRIMOVRGERHBIRA AT &R hBIRVBaYFoRE Ay BRERY
amorphouscaibon hiydgfagemated diamond-like carbon,nitrogenated diamond-like carbon and a sulfide
ofa Group VIBmetal 35 14 20 DECEMBER 2006 13. The motor of claim 12 wherein the sulfide ofthe
Group VIB metal istungsten disulfide (WS2). 14. The motorof claim 10 wherein the weartesistant
layerhas a thickned$ in a TBS &M S HBIR 1O0R I DMEIRINER &S HBOLIEY ¢hitRO MEGKSH)N B5. The
motor of clabn 10 wdirjeiotheloutiotiaalayrathasaingkoegsinaangeowkadeoyih)nanometers (nm) to
about 50 na no me to is (hm). 10 16. The motor of claim 10 wherein the wear resistant layer is formed
on an adhesive layer. 17. The motor of claim 16 whemin the adhesive layer comprises a material

selected fro m the Hroup EOREISEPIPLHFARAD MAIEITIE, I QWHIH (3¢S hits AtiRKNESS IBcHIum 15
(7r),silicon carbidetb&)@and cambinataenathpte el d@. sheanwtetefel@im). 16 wherein the adhesive
layerhasa thicknessina range of

10 16. The motor of claim 10 wherein the wear resistant layer is formed on an

adhesive layer.

17. The motor of claim 16 wherein the adhesive layer comprises a material
selected from the group consisting of chromium (Cr), silicon (Si), titanium (Ti), zirconium

15 (2r), silicon carbide (SiC), and combinations thereof.

18. The motor of claim 16 wherein the adhesive layer has a thicknessin a range of

about 1 nanometer (nm) to about 1 micrometer (um).

20 19. A motor, comprising:

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 has a friction reducing means formed on a

25 wear reducing means.

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

adhesion means.

30 21. A motor, comprising:
a stationary shaft coated with a first protective layer;
a rotatable hub which rotates about said stationary shaft; and
a bearing having an inner surface, comprising a low friction layer on a wear
resistant layer, and a lubricating medium between said shaft and said inner surface

35 which couples said stationary shaft to said rotatable hub.

15



about 1 nanometer(nm) to about 1 micrometer(pm). 20 19. A motor, comprising: a hydrodynamic
bearing interconnecting a stationary member and a rotatable member, wherein the hydrodynamic
beating has at least one working surface; and the at least one working surface has a fiction reducing
means formed on a 25 wearieducing means. 20. The motor of claim 19 whereiretireckezarRr@deICing
means is formed on an adhesion means. 30 21. A motor, comprising: a stationary shaft coated with a
first protective layer, a rotatable hub which rotates about said stationary shaft; and a bearing having an
innersurface, comprising a low friction layer on a wear resistant layer, and a lubricating medium
between said shaffand s&§ MAESOTERE BEWIAECHIhIES LARCKRR IR RF BRI SHRPFGE4ble hub.
15 20 DECEMBERi2006 |32 Blemowe dofetatanhydnere in said first protective layer further includes a
low friction layerand a weariesistant layer. 23. The motorofclaim 21 wherein said second protective
layer further includes a 5 low friction layerand a wear resistant layer. 24. The motor of claim 21
wherein the said fifst protRQiRE Iy eHEHE 24 MBesR b Id éeer sty [ayer furher includes a

5 low friction layer and a wear resistant layer.

24. The motor of claim 21 wherein the said first protective layer is the same as the

second protective layer.
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