FDB MOTOR W TH TAPERED SHAFT FOR | MPROVED PUMPI NG
EFFI Cl ENCY RELATED APPLI CATI ON [ 0001] This application
is related to and clains benefit of priority fromuU. S.
Provi sional Patent Application No. 60/554,961, filed
on March 19, 2004, and which is fully incorporated by
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Fl uid Dynam c Bearing (FDB) notors, and nor e
particularly to increasing punping efficiency and/or
reduci ng conponent wear near grooved regions of FDB
notors. Descri pti OREDATEEI APBHIGXTION 0003] G oove
regi ons, such as grooved punping seal regions, have
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formed between an i nnér surface of a bearing
sl eeve and an outer surface of a shaft. Such journal
bearings are designed to maintain a gap between the
i nner and outer surfa@sCKGROUNBtIi ng |iquid may be
di sposed in the gap. [0004] G ooved regions, such as
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ubricating liquid may escape and/or evaporate. The

moteffooved regi ons may al so be for establishing a

m ni mum fl ow of lubricating liquid within portions of

the notor. Grooved regions may tend to evacuate
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example, a journal bearing may be formed between an inner surface of a bearing sleeve

and an outer surface of a shaft. Such journal bearings are designed to maintain a gap

between the inner and outer surfaces. Lubricating liquid may be disposed in the gap.

[0004] Grooved regions, such as grooved pumping seal regions, are typically
disposed at one or both ends of the relatively rotating components. The grooved regions
may be for pumping lubricating liquid away from openings from which lubricating liquid
may escape and/or evaporate. The grooved regions may also be for establishing a
minimum flow of lubricating liquid within portions of the motor. Grooved regions may
tend to evacuate lubricating liquid from a portion of the journal, and therefore there is

some danger that the relatively rotating components may contact each other if jolted or



SUMVARY [0005] In exenplary aspects, a shaft for an
FEDB notor conprises an elongate nenber having an
outer radial surface extending froma first end to a
second end and a coating disposed on the outer radial
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first end face and a second end face may be maintained substantially free of the coating.

[0008] The coating may be disposed on outer radial surface by providing first
coating material from the first end directed obliquely at the outer radial surface and by
providing second coating material from the second end directed obliquely at the outer

radial surface.

[0009] Other exemplary aspects include a motor that comprises a bearing sleeve

with a journal. The journal has a top end, a bottom end, first grooves disposed on an



interior surface of the journal, and second grooves
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[0012] FIG. 1 illustrates a plan view of an exemplary disc drive;

[0013] FIG. 2 illustrates a cross-section of a motor having a shaft relatively

rotatable with respect to a journal of a bearing sleeve;

[0014] FIG. 3 schematically illustrates a vertical cross-section of the shaft;
[0015] FIGS. 4a-d schematically illustrate various portions of the coated shaft;
and

[0016] FIG. 5 illustrates exemplary steps of a method for forming coatings on the
shaft.



3 DETAI LED DESCRI PTI ON [0017] The foll ow ng
description is presented to enable a person of
ordinary skill in the art to make and use vari ous
aspects of the inventions. Descriptions of specific
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relatively non-rotating surface. In some exemplary motors, a shaft may rotate within a
journal of a fixed bearing sleeve while in others the shaft may be stationary and the
bearing sleeve may rotate about the shaft. Aspects described herein may be used in any

such motor types, even where described with reference to only one of these motor types.

[0020] Turning now to FIG. 2, a cross-section of an exemplary spindle motor 14

is illustrated. Motor 14 includes a bearing sleeve 205 with a journal 210 defined by an



such notor types, even where described with reference
to only one of these notor types. [0020] Turning now
to FIG 2 a cross-section of an exenplary spindle
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[0023] Like coating region 235, second coating region 240 extends along outer
radial surface 221 at least where outer radial surface 221 opposes groove region 216 (i.e.,
coating region 240 is at least disposed radially opposite groove region 216). As further
illustrated, coating region 240 may be more extensively disposed towards both first end
222 and second end 224. In aspects, coating region 240 extends approximately to second

end 224, but not entirely to second end 224. In some aspects, second end surface 226 is



but not entirely to first end 222; additionally first
end surface 225 may be |left uncoated. [0023] Like

coating region 235, second coating region 240 extends
along outer radial surface 221 at |east where outer
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proximate than distal second end 224 (i.e., coating region 240 becomes thinner closer to
first end 222). In aspects, coating 240 may taper monotonically from near second end
224 towards first end 222. A maximum thickness of coating 240 may vary amongst
designs. A thickness near the middle portion 309 of outer radial surface 220 may be
negligible or non-existent compared with a size of the gap in middle portion 309.

Coating region 235 may terminate abruptly near second end 224, such that coating region
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[0030] Coating region 235 and coating region 240 may be comprised of suitable

coating material deposited on outer radial surface 221 (and on already deposited coating

material as the coating regions increase in thickness). Low-temperature chemical and/or
vapor deposition processes, and other deposition processes may be used to provide the

coating material.



307 in FIG 3. As illustrated, the coating thickness
at 307 is thinner than the thickness at 305

illustrated in FIG 4b. FIG 4d illustrates a thinner
portion of coating region 235 near the shaft mddle
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a deSitidicdaligs thickabisn@draalieed @ed Ghe RRfidelle @Batigl()g.,ls8fhk dhachines
surface 221 (and on already deposited coating

maybgtlignitesd in gEowhaale Pst fimg, dhe Bkt 29 PRpbeeramined during coating
depééﬁid?ﬁness) Low-t enperature chemical and/or vapor
epoSi tion processes, and other deposition processes
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outer
than towards second end 224, and at approximately constant thickness circumferentially

around outer radial surface 221 at a given distance from first end 222, Coating region

240 may be formed under respective similar conditions.

[0034] An exemplary way to establish the coating material thickness described
above is to provide the coating material from near first end 222 for establishing coating
region 235. Likewise, for establishing coating region 240, coating material may be
provided from near second end 224. In so doing, a desired differential in thickness may

be established through diffusion along outer radial surface 221 from a source of coating



shaft mddle 309 (i.e., coating material may be

di sposed near shaft mddle 309, but the coating
material nay not forma continuous coating region).
For ot her background relating to coatings, refer to

ek, e b b R B phe PR o ke surtuce
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applsilab@,ll antially parallel to a source direction of

ing material. By contrast, generally surfaces
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time has again elapsed.

[0037] First end surface 225 and second end surface 226 may each be disposed
approximately perpendicular to the source such that outer radial surface is approximately
parallel to the source. In such relative dispositions, coating material may contact outer

radial surface 221 obliquely. First end surface 225 and second end surface 226 may also



radi al surface 221 covered may conpensate for shadow
ef fects caused by the shielding such that coating

region 235 substantially begins at a desired point on
outer radial surface 221 (e.g., shoulder 305 in FIG
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second end surface 226 (the one disposed distal 'the
suclmmn@gomtstmﬂﬁ Thajcksselithigateily snceghere aray t8trepnesa do redispose
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edeterm n anount “o aln el apse
of s}[aﬂOZ?ZD Sﬁﬂlrcﬁher@adamﬁmenmﬂe stnddsgqmmbrrsmﬂ skaft 22(-for a
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time2 [FAFA \F@l’faﬁbﬂs m@ﬁfn@ldd@ lendi@ink Reat@ P EUT @efferbt agntfuiits of time from
relative dispositions, coating material may contact

eachsgurse to psiahlish asymmgiicaboontingy. | Hilklugtherryarigtionsimay inclusee
meaglg‘ﬁlg%%gtlrzggt%?&ges%% Eé‘rgé ﬁlo% d%r@%stl% @%Vls&gﬁtﬂ%%g%gga
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coating region 240 may be formed before, after, or simultaneously with coating region

235. Other modifications and variations may be apparent to one of skill in the art.

[0040] To summarize certain aspects of the invention, a thickness gradient of
coating material may be established from first end 222 and extending towards middle
portion 309. The thickness gradient would provide for relatively large thickness near first
end 222 and for decreasing thickness more distal first end 222. A similar thickness

gradient may be established from second end 224 by either a separate source of coating
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relatively disposed wth shaft 220 to face the other
of the first end surface 225 and the second end
surface 226. Further nodifications may include
beginning to emt coating material fromthe second

matHH BF P o R Ro e e RGR I Bea 20kt by B50ed fr ajeepppa i

coatiig8egibe D RRE: RFMbMTire). time has elapsed. In such a
variation, step 525 may be elimnated, since there may
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[o042] ace OfOtRéf‘Iﬁédlﬂ@atﬁ)ﬂﬁhﬁd]%naﬁﬁhﬁfvb@lh albetdpParent to those of
predetermned tine). Deposition may al so be conducted

ordipayy skiftdp dpsart fipEche exereplary aspRosY Rrgsesteds Byavampin nranous
exe 0N ARl S Rt ALEBLE AR 6L S Bombingion

with(,\calimeg/ﬂuidtdyahmmheaﬂng andtdpdllary sedl kysterhs arst methddsor t h e

second matter source skill in the art woyl d
Addiaat el s RS b RperRgischvssshandlag St Grafiles are
thou Hﬂ‘t@raadreai $@fain @kadvaiidbdsin eolu@t YrtWTthiy &&%%élﬁﬂ 1sf 1R inf¥nt,

. O her nodifications and variations may
howawawémmftdh@ Meriqus expmples [methedgand/onsysgwp thlaé actually address
aspects of the invention, a
ory?ﬁgﬁﬁﬁiégmgﬁgggéﬂt of coating material may be
established fromfirst end 222 and extendi ng towards

m ddl e portion 309. The thickness gradi ent woul d

provide for relatively |arge thickness near first end

222 and for decreasing thickness nore distal first end

222. A simlar thickness gradient may be established

fromsecond end 224 by either a separate source of

coating 10 material or by the sane source after
coating region 235 has been forned (or vice versa if
coating region 240 were forned first). [0041] Various
not or and FDB aspects have been illustrated and

descri bed
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herein. One of ordinary skill in the art would

understand that teachings related to each nmay be

adapted to other designs. Also, it would be understood

that certain conponents have been separately

We cﬂ%lntlfled herein, but such identification does not
that such conponents nust be separately forned

from ot her conponents. Simlarly, conponents

L i deh Ao tPARI®S may be subdi vi ded into

sub-ResTpR HepNehavingIRBMak i jgnal heying 4 GRgnH)a bottom end, first
H “ng&%@glgg@g%ﬁﬁn SHEr AR &SI LY o@ o rhnﬁ'%é’:{(ﬁﬂﬁ #gooves

beari ng sur punpi ng grooves, t’he

be di dppswed cadhié¢ initeyivallshnfaass amdl f f er ent I y than presented

in aspects herein.. [0042] O her nodifications and

vard Bkt 9Bossdn Hleapglaab éwasaa%Ferﬁpﬂflagt hose of

or om.th

or gaéle ?{rég?é%érhbér@la%:ﬂg aaﬁrgt efnd %lecof’?d &gt qe QH{i/ %néltltﬁg %g?az%g‘face,

syst Qﬁﬁer&iﬁ%(iﬁérﬁ&& mn@bﬁtemlapguﬁa%s@k @pRB&irPthidkRAess from
conbination wth various fluid dynam c bearing and

capi |Araxijnagathe fissy sne ey andidthaaidde gnd tapagiddn Bxeliness from
par mﬂ‘i&lﬁ{ate%@ ﬁéﬁlﬂ&‘%’ a?%?reﬂh&cﬁélssed and how these

exa es are ess certain di sadvant ages

I N wigdréh @k shbift chdiue‘s‘ allyE RSl SHapk® mefHbeMBBiMg a coating that
however, to restrict the various exanples to nethods

and/dﬁw@ygﬂ%ﬁ¥nﬁﬁat actual |y address or solve those

dva A not or onpri.sing. a
b um o™ BieGinetnd boTRiEes SRR Ry e

3. togxgﬁgncam@ghhgn1end first grooves disposed on an

interior surface of the journal, and second grooves

di spjeseng geevetiavingtagpumel, ﬁwrjbamel, haaing ztoplead ta Whit®posel first

in the journal he shaft co an el gngat
e RaH figpdted P &8 Taiter S DR HAA- ] Sehong greses
radi aldispbdetidmene inr Shiffacd; slicamet er of the outer
radial surface is tapered in thickness from proxinate

t he shift dispesed it twgoamal, He shift dbmpasidg:t apered in

thi ckness from proximte the second end towards the
mi ARG S EPEPRET PAENE RAFT Phc HHRRS e 9R] FipigTadial surtace,

f’ E?gﬁxﬂqeeg%m%ﬁalﬁ@é’ﬂ JTIhorOah D UrRRE is HFré®R thitkness from
proximate the first end towards the middle and tapered in thickness from
proximate the second end towards the middle;

wherein the elongate member includes a coating at the outer radial surface, the
coating disposed proximate the first end and extending towards a middle of the
member and further disposed proximate the second end and extending towards

the middle of the member, the coating thicker proximate the first end and the

second end than proximate the middle.

The motor of claim 3 wherein the first end includes a first end face and the second
end includes a second end face, and the first end face and the second end face are

substantially free of the coating.
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10.

11.

2. The notor of claim1, wherein the coating conprises
a dianond |ike coating. 3. A notor conprising: a
beari ng sl eeve having a journal, the journal having a
top end, a bottomend, first grooves disposed on an

o S5attoSof SR finsr e el Tatia HtaSE R e BP0 con
I N prdM@miaeUhe fitst ehdgubstaafidllyCREPs S thé BEhtingNarkll ©most

menber. having a first end, a second end, and an outer
r adrfimatsrthe seeond gpdbsubsiantially fipreefdhe egatinge out er

S5 R R P R L

th :;:gla hess thi¢kaess lj&ﬁ%’dn{f&ﬂﬁnhﬁ@ 3$)ﬁgﬁ and Eﬂ’tfjthgdkm pdint pheximate
m e; erein the el opngate nenber includes a coating
at %S&celmw it e gtac ks petoieen prum AP di sposed

pr x| - f R - [ s 1 ddl

or THedRiE ol ol bl Hher AR A RELERE (08, LOIRHTacR gibdliafe e
seaaiddleafitheamnembestie feds thgn OPpat.ds the m ddl e of the
menber, the coating thicker proximate the first end

and hemeotosefcchri B w&ef%ﬁlemoe&mm@m%a fHamging likg coating.
rnnchéy claiq;s.mhergin the.first end includes a

fi rsHUigyRERIEPRHRE MR s TP " &nd i ncl udes a second

end deaGRy s188W Habfiofd jbstha sy f ace and the second end

face are substantially free of the coating. 12 5. The

notachafo Hispbsidrin the judvaniethe shhfe compasing anleldhgsel hfeater having a
i ncludes a portion st., proximate the first end

subst i PR} Aefqrideng g %%ﬁr?ﬁ@{ Susﬁ%&e’av*ﬁrﬁ@ R ghimpgor the
proxi gRfLrddie seeeeneapiidd SHRsdkRaBs fAdrh Yrdxi@se e fiREend

coating. 6. The nmotor of claim3, wherein the coatin
at a tdwasdede npddlaangtapgicaan thighness frergproxsmgterthe segond end

thiCkﬂﬁ%ﬁd?ﬁk?@8&50'5”‘and 3.0m and at a thickest

poi nt “proxi na he second end has a thickness

betwiRedin thedMhR Mt e McyifndritAPshabéd nefibetha¥idB Heoating that
wherein the coating at the outer radial surface

proxi Weies ip Hucknesdl e of the nenmber is less than 0.5m
0. THTPAol bELRLT o WIRLEL S IS ORIl SOTREARED

diamond like coating.

A fluid dynamic bearing motor comprising:

a bearing sleeve having a journal; and

a shaft disposed in the journal, the shaft comprising an elongate member having a
first end, a second end, and an outer radial surface, wherein a diameter of the
outer radial surface is tapered in thickness from proximate the first end and
towards the middle and tapered in thickness from proximate the second end
towards the middle;

wherein the elongate member includes a coating at the outer radial surface, the
coating disposed proximate the first end and extending towards a middle of the
member and further disposed proximate the second end and extending towards

the middle of the member, the coating thicker proximate the first end and the

second end than proximate the middle.
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12.

13.

14.

15.

16.

9. Afluid dynam c bearing notor, conprising: a
bearing sl eeve having a journal; and a shaft di sposed
in the journal, the shaft conprising an el ongate
menber having a first end, a second end, and an outer

radi.al., sur,face, . .wherein a di,aneter ,of .t he .. outer. !
"B g b BEEe pebEShRofof HARE] £t IR s inchudes a firs
t henflificetané fitk setovbendiSiné1Bées ddbml énddaécaped 8@ first end face and
t hi ckness from proximte the second end towards the

mi dlog seconhenddiape g suskantially frep ghids cqaia. i ndri cal

sh : [ . ' ' t. __varies. i .
hBREILBANG, S0P U L Snerd ROyl s s
cl andludes awloetici mosthpeoxdmatel the fitso aid sudbe@n@allydiréenafnhle toakiag,
coatin%ﬁgll. Afluid d

[

o P IAGHCE EY BTRPRIR ot s 1] SOOSABI A the Couine
a ey e it ¥ |
ol cRE il bbbl ob e bor TR W BRI Tl  iken

an poitit eroximdicahe Stst Eatlens anhiekedss betwatem 0dper amlf3.0m, and at a
outer radi.al surface is tagpered in.thickness from

or okt ROIFRrOKImAF the,Eeazipn Py HURkeRety cieh (Lo Hh and 3.0um.
ta id Byrfaldi; lS%Lﬁr‘n &t 1 B el S RSN &L out
to%g]% sldtlﬁ)é aﬁlgd e; %\/ée?g?f?t Eie él or?gét e rreg%ﬂekr outet

i nchdigdlesrfacepakimmage tie nidelewf tler membiérak lessithha OSpum. he
coatiggrdisposed proxi mate the first end and. extendi ng

t owdedBudhdyRagHs Beasmermpetor pfgriiar Llafdierain thecoatifsinsapitses a
pr g MeA kneasieond end and extending towards the
nigﬁie ofltheangﬁber, the coating thicker proxi mte

the first end and the second end than proximte the

m ddle. 13 12. The fluid dynam c bearing notor of
claim1l, wherein the first end includes a first end
face and. the second end includes a second end face,

and the first end face and the second end face are
substantially free of the coating. 13. The fluid

dynam c bearing notor of claim1l, wherein the outer
radi al surface
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includes a portion nost proximate the first end
substantially free of the coating, and a portion nost
proxi mte the second end substantially free of the
coating. 14. The fluid dynanmi c bearing nmotor of claim

11, wher e| bl { e. pr oxi mat e
theflrst &%‘%Eﬁ% erVes nd 3.0m
and at a thi It § cond end has

a thi ckness between 0.5m and Om 15. The fluid
dynami ¢ bearing notor ofABell WM, wherein the coating
at the outer radial surface proxinmate the m ddl e of

t hEonmaises having @inumah anth(engrer nicge giPiege fdgiong add aahafe for
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ABSTRACT . For tors having a journal é ‘b‘f e or {)
regiqfso diie CPEIEIREOUHeES as%a%%aperff&m nER| 3fop Fad ARd Hpmdiear § bottom
end IoneardlsocHé e mARIRE CT 1R dhﬁﬁ'té&? nfdy %Yé»%@ﬂ)r dmPiRkd bARB fn%d
shaft. The shaft nmy be taperée byteappllcatlono
efficiengpailhe e@atmgamy bmpiln@ lIaYaﬂOG&BIOprbSJCh@S chemigalowper
e gl B PP S5 Bl BB o
matﬁﬁ&fr_bnfﬂedﬂ the top &l sitadear thepettomend pds\oamd@l ehefshaft infipdlov &tlone

punpi ef ficiency. The coat| pplied in
exanfele bt Consingcndudss AL o gn A Ll el TS PG
Shleggdggwylgb&ﬁlcomﬁ%gqheql&gpm tion to establish a thickness
gradient of coating material fromnear the top end
and near the bottomend towards the shaft mddle. In
Figugns exanpl e, the coating includes a DLC coati ng.
dditionally, shaft portions may be shielded to
prevent coatings thereon. Figure 5 15
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