FDB MOTOR WITH TAPERED SHAFT FOR IMPROVED PUMPING
EFFICIENCY RELATED APPLICATION [0001] This application is related to
and claims benefit of priority from U. S. Provisional Patent Application No.
60/554,961, filed on March 19, 2004, and which is fully incorporated by
reference herein as if fully set forth herein. BACKGROUND [0002] The
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in Fluid Dynamic Bgajpg 6VIAED) POMIBINGOEPEIE pENICY arly to increasing
pumping efficiency and/or reducing component wear near grooved regions of

FDB motors. Description of Related Art: [0003] Groove regions, such as
grooved pumping seal regions, have been used in FDB motors. Some such

FDB motors have a predopiiantly: ptragghtjionrm@hearing formed by
opposing inner and outer surfaces of relatively rotating components. By
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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 éggﬁs from which lubricating liquid
may escape and/or evaporate glons may also be for
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mtﬂcrease risk of premature drive failure. SUMMARY
Description of Related Art:
[0003] Groove regions, such as grooved pumping seal regions, have been used in

FDB motors. Some such FDB motors have a predominantly straight journal bearing
formed by opposing inner and outer surfaces of relatively rotating components. By
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



[0005] In exemplary aspects, a shaft for an FEDB motor comprises an
elongate member having an outer radial surface extending from a first end to
a second end and a coating disposed on the outer radial surface of the
member. In one example the shaft is tapered from relatively wide diameters
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between the first and second ends of the shaft. A shaft having such dual
coeasepsatw@%H@h@ﬁrﬁ%@%%qﬁerﬁeﬁ{b{ﬁ&wﬁé@m of a fluid dynamic
bearing within an FDB motor. [0006] In one example, the taper is achieved
through the application of a wear resistant coating. The coating may be
disposed from near the first end ajighgxiarcyng towards a middle of the
member. The coating may further be disposed from near the second end
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journal. The journal has atop end, a bottom end, first grooves disposed on an
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shaft comprises an elongate
resistant coating depositable through suitable processes such as chemical vapor

deposition processes and physical vapor deposition processes.

[0007] The outer radial surface may be substantially cylindrical in the absence of
the coating disposed thereon, and after disposition of the coating, the coated outer radial
surface may taper in diameter from the first end towards the middle of the member and
from the second end towards the middle of the member. Portions of the shaft, such as a

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



member having a first end, a second end, and an outer radial surface. A first
coating may be formed at least on a portion of the outer radial surface
opposing the first grooves. The first coating may taper in thickness from the
first end of the member towards the second end of the member. A second
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extending from the first end to the second end. The methods may further
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and forming a second coating on the outer radial surface, where the second
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forming a second coating on the outer radial surface, where the second coating tapers in

thickness from near the second end towards the first end.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] For describing aspects and examples herein, reference is made to the
accompanying drawings in the following description.

[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.



in the art to make and use various aspects of the inventions. Descriptions of
specific materials, techniques, and applications are provided only as
examples. Various modifications to the examples described herein will be
readily apparent to those skilled in the art, and the general principles defined

herein may be applied to pfhengkapagssardpapplications without departing
from the spirit and scope of the inventions. For example, aspects and
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includes a housing base 12 having spindle motor 14 that rotatably carries
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sealed by seal 22 and cover 24. In operation, discs 16 rotate at high speed
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one rotatable portion. The at least one rotatable portion is in turn typically
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bed with reference to only one of these motor types. [0020] Turning
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track on the surface of the discs 16. This allows transducers 20 to read and write

magnetically encoded information on the surfaces of discs 16 at selected locations. Discs

16 may rotate at many thousands of RPM.

[0019] To produce rotation of discs 16, spindle motor 14 typically includes at
least one rotatable portion. The at least one rotatable portion is in turn typically
supported by one or more bearing surfaces providing a low friction interface with a
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



interior surface (not separately indicated). As illustrated, exemplary journal
210 extends from a top 206 of bearing sleeve 205 to a bottom 207 of bearing
sleeve 205. Journal 210 includes groove region 215 and groove region 216
disposed circumferentially on the interior surface that defines journal 210.
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. aspects, shaft 220 may be approximately cylindrical, and first end 222 may
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desirable, shaft 220 may be crowned or clojgical e.g., having a larger
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second end 224. In some aspects, coating region 235 extends approximately
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extends along outer radial surface 221 at least where outer radial surface
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having first coating region 235. In aspects, coating region 235 extends along outer radial
surface 221 at least where outer radial surface 221 opposes groove region 215 (i.e.,
coating region 235 is at least disposed radially opposite groove region 215). Coating
region 235 may be also be additionally disposed more proximate first end 222 and more
proximate second end 224. In some aspects, coating region 235 extends approximately to

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 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



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 5 left uncoated. Aspects of shaft
220, coating region 235, and coating region 240 are further described with
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cross-section of shaft 220. This exemplary cross-section is not drawn to
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be very thin_or non-existent). Middle portion 309 may be covered to prevent
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235 may be considered to have a shape approximating a three-dimensional

thik ARSI A RS FPOoM&NKRBHASRRE IR B OURFKRSTR SERAAES Begiopr235
neabafinidd e poeiow BT (TR BOEagIPELA3SeiS BPRIS De IRG2BIMIKErGRAIBE stent

region 235, coating region 240 ma}(/ﬁbe dispased on outer radial surface 22

compared 3 ith & Yeanhi o oMl i 0054 194 e ABRABHADBAY Re 35 RIGAIN
or3o3-0k Ruier radidlise feeR £ 2D Clase bia:se6RAM EpE veid shaataaatioeh nedign

0 may remain uncoated. Exemplary coating region 240 is ?ener%llzy thicker

foﬁ%‘éﬂﬁr&ﬁn&@aﬂﬁ%r&%% SO &TPIBAe R URIbARRY (U5l 467 as

ilhaeaniEsythinelEl9ser odilst ead @225 haspe ctise@atio gl enashipper
monotonically from near second end ) i
approximating a three-dimensional conical annulus (if considered separately from outer

radial surface 221 of shaft 220, upon which coating region 235 is applied).

[0026] Like coating region 235, coating region 240 may be disposed on outer
radial surface 221, except that coating 240 may be disposed near second end 224. A
portion 303 of outer radial surface 221 closer to second end 224 than coating region 240
may remain uncoated. Exemplary coating region 240 is generally thicker more
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



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
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compared with the radius (diameter) of shaft 220. As discussed above,
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illustrate corresponding bortlons coatlng region 240,"as one of or nary S
3(]51 iiestrated in FIG. 4b. FIG. 4d illustrates a thinner portion of coating region 235 near

the shaft middle 309 (approximately designated). As illustrated, a thickness of coating
region 235 at 309 begins to be negligible compared with the radius (diameter) of shaft
220. As discussed above, middle portion 309 may be shielded during coating deposition
so as to keep middle portion 309 substantially free from coating. FIGS. 4c and 4d may
also illustrate corresponding portions of coating region 240, as one of ordinary skill in the

art would comprehend.

[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.



art would comprehend. [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
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taper uniformly towards shaft middle 309. In exemplary aspects, near shaft
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13, 200 1, which'is " incorporated in its entirety by reference. [0033] Dévices
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WEAR RESISTANT COATINGS FOR SPINDLE MOTORS IN DISK
DRIVE/STORAGE APPLICATIONS,” filed on December 13, 2001, which is

incorporated in its entirety by reference.

[0033] Devices for carrying out such processes are disposed to cause coating
material to be provided about outer radial surface 221. In aspects, while forming coating
region 235, the coating material may be provided for greater thickness near first end 222
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



region 235, the coating material may be provided for greater thickness near
first end 222 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

mAiRSRACHIvR S Pt eenaiignse [HR3AkVI ByemeIiYEk e staklightthR surface

coating material thickness described above is to provide the coating material
copisih (AR firdfad sHrEess forl e ListoirdiagtidhipryaHedionm seuroeidigrtan of coating
m&sta i WiND AN SddacQating-MAter BInaay 6riRreyidie dikomeneated
second end 224. In so doing, a desired differential in thickness may be

byzuaipiiaheipYidet dio et sRtian APs ARG RATBERAERIBAP RSV AR B

coa@atiNA & MatesRlsIONE AsaRG! dbalNBayaRe HNEerstaching aaersldlsingthe
art is that the surface coated Cfouter radial surface 2213 lies substantially

esibliihes d desisihledarE charedPesating! fatitics 4 QaHBeiRgion 240.
ith DL teri the lik ! terial .. .
oo o R e e 2 R RSP, MAE g rsion
230atddoMihariteigedspproiciag . cSating) ke ridésmisebting fmtned smofee
il tabli irable t h f i i
Rl SRR A R ShanR L serd AL oA RO 418
sufteneidd lcostingsregiove BG5S a2 atidpregion40dal? 4hafh 200 Btay 60ET
. i oy
fSgAACTI R el 00 SURCR AR P SEAT SR IS, S0uiMfuing
supbisihet tivetifistaman23? anblonsetyrid gngld24lcamed pomtvofoutteradedisurface
e S R e B RSN REs GRISRA 1P

spesiibutisigmiaYurtace, 22¢ ¢ekpitshblitderB0BIfRIG2 Spaheraorhend surface
2 RAREQRSIALE YGRS §e(%ﬁtsc%§t§1té§df(§9ﬁ1§ti§1??r%p&}g,eﬁ'g@éir@cf R BRI

both © #rst end surface 225 and second end surface 226 may be covered to
appreagiancoating formation thereon, if desired for a particular application.
[050036] Step 510 includes relatively disposing a first source of material and

AGk 220 s8'fRat Chivdrdrsr et ey Pre At dertier s dreliriad @sbghaft
220n05a6 dhe dir sirs s eniGRIFh&O2LIN g atebial Siepudthod 10l6Idppdiegnping:to

sogg:lciet (c):tQ (?(Egg%g[n n%g%ir?zlﬂf.rosrtrcleghﬁ 5 includes beginning to emit coating material from the
first source into a region surrounding outer radial surface 221 (i.e., into the immediate
volume around shaft 220). Step 520 includes ceasing to emit coating material from the
first source after a predetermined amount of time has elapsed. Step 525 includes
redisposing shaft 220 so that the other of the first end surface 225 and the second end
surface 226 (the one disposed distal the source at 510) faces the first source. Step 530
includes beginning to emit coating material from the first source. Step 535 includes

ceasing to emit coating material from the first source after the predetermined amount of

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



first source into a region surrounding outer radial surface 221 (i.e., into the
immediate volume around shaft 220). Step 520 includes ceasing to emit
coating material from the first source after a predetermined amount of time
has elapsed. Step 525 includes redisposing shaft 220 so that the other of the

belslRBeISHISaER dra@RAitie saeend eRctasHHAREL2H (Hhe enridisRosed

distal the source at 510) faces the first source. Step 530 includes beginnin%

apRy SRt TSt erathsiTipne et o tiskaeepBas hp cripishedddmg s
créfi RN Mmatepldramthe Brskeruisr it e iredeiexmined aaeeunt of

time has again elapsed. [0037] First end surface 225 and second end surface

OthspaginsBISaEs Herditp JXkls adisERtRENHahbshACHife T Aoatis Feavdtidate

at thaheuterstadialif ace ssuanPiipalely riakalattethe source. In such
relative dispositions, coating material may contact outer radial surface 221

[00B%huely. Firstendsiviaoe A2 athddef ditd.cnd serfads@26medynalsdd ey be
re%§983?£sa%Sé’c{“welft%“s%'a?ftt%ﬁ?osf%%;’é %]-e% rgt(?f“tﬁl% ép&fénz(?soup a9e”§£‘§'3$}ﬁ$h
appro |m£te?y uniform cross-sectiona coa%ngt Ickness may be establis ed
seoad ead:pultfaos§%@cﬁortltmsrmdiﬁppmmimwljncbr@tbngiumd:h@essraiwuating
IS AR SURER 2o QUK ATMSMERRI0RY be MAS AR NS EeRIAM S
establish a UNiforM coating growth raté at a giv istance from the source
theksagroltenncediak sy féeaf2q tHo p88lchranirmdatiopuonh dhemediho dlaiseiG 18,
S sour ial he. relatively di [
S e e e
she{i2Be rmadificatiogiomdy imaduue thegyingion 24 (emiy deatingtedhtugethefrom
the second source in step 515, and ceasing to emit coating material from the

[0842bnd soufddih GEBteRS B BGB drinesmEuckiitsan s tiddifggrtion 309

ofelaFsedo Ins sy etheranations siap HehaeanReIBlIYeAIeE: seafiere fmay be
nQ need to redispose shaft 220 as coating region 235 and coating region 240
%g@fﬁ‘élr

POFHR 198 iRy A[RIY] OHHBF GR1iSHBIRTR Y R RIEds ftigmaining
tiribictaearheamide e Bomianlhneshath#atostilirRikar ¥adatiens may from

include shieldin@ portions of shaft 220 for a portion of the predetermined

caghEOILTE Y ASHBYIRY IO HBR o P tRSAHATS NrEYROFHES
myaiaienommiay inaudesemiltingdaiaidenaiffesant @prevntsobiimatdtiowhen a

desired thickness has been achieved (in addition to or in place of emitting coating
material for the predetermined time). Deposition may also be conducted in numerous
discrete time intervals, rather than providing matter for a single predetermined time.
Shaft 220 may be disposed on a stationary holder or a conveyor that moves parallel to the
first and/or the second matter source. One of skill in the art would understand that
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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each source to establish asymmetrical coatings. Still further variations may
include measuring coating thickness during deposition and ceasing provision
of matter when a desired thickness has been achieved (in addition to or in
place of emitting coating material for the predetermined time). Deposition
mﬂ@%ﬁlﬁ%?@lﬁ%@%@ﬁ%& Qﬂ@?%@@ﬁg@@@f@3mirﬂ€éﬂfﬂ§n{@&%f thadversa if
providing matter for a single predetermined time. Shaft 220 may be disposed
cogHNE LE5iRINATY REHFeioBmS yor that moves paraIIeI to the first and/or
econd matter saurce. Skl|| | he a d stand tha
g regi a0 e L TR v e LR e
hewatlr(gmegf(mdma@ mﬂenrthmchﬁoamhtsnaddrsnandmhmsmym sdpadetotdach
on art 0040] T ummarl certain ats of the invention
g e e T BB B S B
haandb@xtenphrfgdbwdudsfmqﬂhﬂeelpobuom@ﬁ@deméithtmnéeesgrradmptwhaﬂduch
cRIBYIRS Oh IRl el ardR Ricknsss near sl 6nd 23R A Ian deCrEaAt s
ness more dis 2i‘fqrst end 2 ‘similar thickness gradient IB%
ldesuébtilslirmfdnfwmyslm:slﬂlﬁem@bdM@y@ﬂt@nm@pﬁrht@tb@ud@@igtﬁs:oamgimally,

terial.or.b sa 0 tn r n2 r
e T B T R %
angd kpents havespewd illdtratet aoddigsoniblydhhe reirscOoe iofaspdiriahgrein.

skill in the art would understand that teachings related to each may be

[08#42hted to Her&é&%twe%a?@waue%mw&mn%ﬁﬁ.w those of
or8ATARIReINGS ha Ve PRER HRRIEM P aLtied fissaife LuBFUshgRalfiGasN

does not im Iy that such components must be sep arat%i;formed from other

exeBMR3En B1LoiANdTys oM It ed lriRtB R RFetRerhal Moot dB GRARRIBaHES
with bﬁmnpgn%&wa@m@eﬂﬁ&g%ﬂ Afdiienath sillustiated faalsas such as

recirculation channels, bearing surfaces, pumping grooves and the like may

AgslitipaplycepifaitiesxmpBlcaiere R AT e @ hon s amatisnare
thi@ARlQaemeskiicatinns andayatiatlienswioid aise SR ARABIERHG: Eh@&ﬁ of

ordinary skill in the art from the exemplar aspects presented, By example,

hayg st OdKEMPAARS KAEKHSGRAMEISS Seamrads ey REvEMS BRRgpdress

ord\gINE Gk aambinatigss. with various fluid dynamic bearing and capillary seal
systems and methods.
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Additionally, particular examples have been discussed and how these
examples are thought to address certain disadvantages in related art. This
discussion is not meant, however, to restrict the various examples to
methods and/or systems that actually address or solve those disadvantages.
welWenelaim: 1. A dual tapered shaft for a fluid dynamic motor, comprising:
an elongate member having an outer radial surface extending from a first end

ftoR daerendendnyrhereinadigmnatas aldhe, edigpriamigl surface is tapered in
thickness from proximate the first end towards the middle and tapered in

thickae sSofketepreRittatbatrag sacunier stdiabwalieds exdcaflawdran tHuIead tfa
claim Ls\é&%%?@ﬁ&f‘%ﬁé?&ﬁﬁte member includ(_as a coating at the outer radial
surface, the coating disposed proximate the first end and extending towards

a miealdieroétireofitbenbeerandiflitingndisp opedepnoximekectsdeat pruk ena athd

extendi owards th iddle f the member, the coating thicker proximate
e o L G Tl ARG T R N RTINS,
claim 2 sedoaxbemdrieviinsisethd incldites a first end face and the second end

includes a second end face, and the first end face and the second end face
B Lot e R e SO0 e
outeadadialrsavdate: ineltide 3BHessiqrarpsitpoxifinatenidhedd skending towards a
substantially. free of the coatjng, and a portion most proximate the second
Al AR R T SR S kR

coatixgratiagttuookedt paimhiddixiofake thentivst, ehel cbaing thickeilgasximate the first

appro(ygm%t%lg between tggm and 3.0pm, and at a thickest point proximate
the S&CBN J5588 tHic léggogf)%‘%% ately Detween 0.5pm and 3.0pm.
P TR rhRbQfisaim Whvheiair thecartinglalidia auwesiadiat JuHare second

proximate the middle of the member is less than 0.5pm.
end includes a second end face, and the first end face and the second end face are

substantially free of the coating.

4. The shaft of claim 2, wherein the outer radial surface includes a portion most
proximate the first end substantially free of the coating, and a portion most
proximate the second end substantially free of the coating.

5. The shaft of claim 2, wherein the coating at a thickest point proximate the first end
has a thickness approximately between 0.5um and 3.0um, and at a thickest point
proximate the second end has a thickness approximately between 0.5um and
3.0pm.

6. The shaft of claim 5, wherein the coating at the outer radial surface proximate the
middle of the member is less than 0.5um.

7. A motor, comprising:

a bearing sleeve having a journal, the journal having a top end, a bottom end, first
grooves disposed on an interior surface of the journal, and second grooves
disposed on the interior surface; and

a shaft disposed in the journal, the shaft comprising:
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7. A motor, comprising: a bearing sleeve having a journal, the journal having
a top end, a bottom end, first grooves disposed on an interior surface of the
journal, and second grooves disposed on the interior surface; and a shaft

disposed in the journal, the shaft comprising: 12 an elongate member having

a first end, g;serpipdieNshARS ARvarser fiadishdsUriseshIIeiRde HIGMateldes
the outer radial surface is tapered in thickness fro$ ilgroximat_e the first end

towards theSHitidfe Whereiha diamstenpidhe uteordirosiiass therereda end
towards therigidias §roth @ raatriefirtaimioiaherainiiheshaltioeh@epaed in

cylindrical shaped member ha_vin% a coating that varies in thickness. 9. A

method, corfFldiRts BravRfirg BAte bR gsreti shbimerdiarmiddsut at least
ONG X3 QF ataian the nmembgr Havine-a iR tandRSeARd R &R0 Raving

outer radial surface extending from the first end fo the second end; forming a
firstacesaifig Srptversstsr taekatessirface, the first coating tapering in thickness
Jr%nn%rt%icqnate the first end towards the second end; and forming a second

coating on the outer radial surface, the second coating tapering in thickness

from jrentiatethtosgeendenibtowmidsttheatisit antbaiOoddwx methochtbn, the

laim 9, wherein the fi ting h ligible thick imate the .
second BRETR NGB Sk Has £ Heand e wirdll e esiine

first endirdih. thbémetd b ohekaicoR) suiderein the first coating has at a thickest
point proximate the first end a thickness approximately between 0.5m and

3.0miAAiHE BEtsRaties st atiiREQSolhe SiokiARIESHRPSERSA

end a thigkResS @R@ﬁ@%ﬂiﬁﬁiﬁé eteEE-RIWA0E BLMeckdt chae Angthod of
claim 9, wherein the first coating is provided from proximate the first end and
obligfsmiidigeicseepnd coating on the outer radial surface, the second coating tapering

in thickness from proximate the second end towards the first end.

10. The method of claim 9, wherein the first coating has a negligible thickness
proximate the second end and the second coating has a negligible thickness
proximate the first end.

11. The method of claim 9, wherein the first coating has at a thickest point proximate
the first end a thickness approximately between 0.5um and 3.0um, and the second
coating has at a thickest point proximate the second end a thickness approximately
between 0.5pum and 3.0pm.

12. The method of claim 9, wherein

the first coating is provided from proximate the first end and obliquely directed
towards the outer radial surface; and

the second material is provided from proximate the second end and obliquely
directed towards the outer radial surface.

13. The method of claim 9, further comprising:

disposing the first end to oppose a source of coating material for forming the first

coating; and
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towards the outer radial surface; and the second material is provided from
proximate the second end and obliquely directed towards the outer radial
surface. 13. The method of claim 9, further comprising: disposing the first end
to oppose a source of coating material for forming the first coating; and 13

dispeaip@dig 9RCondRNEhPIORPRSSHIR SOIGERTeaaHR BRI f@5rming the
forming the second coating. 14. The method of claim 13, further comprising:

ceasing’FrEULRS3HIShe first coating material before beginning provision of

f@ﬁﬁ@ﬁ?&ﬂo@?@fiagimé}?ﬂrﬂtﬂé'cEE{%mﬁ{ pd of claim 9, further comprising

shielding a portion of the outer radial’ surface near the first end and a portion
of the@uieg adiatisurfdebent@ar thetsecomatrahdafdrerbégrmmimg thveviissiranfithe
the sec%ncdocgaggg. 16.a'|['g1reafnethod of claim 9, wherein the member provided
isa subsefanrﬁaﬁy cﬁﬁﬁ%lncall motor shaft. 17. The method of claim 9, wherein

theTlitsheanting adiihe, Faehet coaingrayehsediegd joraoe of direoioleviaig]

process types: chemical vapor depasition and physical vapor deposition. 18

The WRASOR 8 (5iHS ShERgiA RAE R ba ket adlisr s i gecond

incleflé wliamfonsliliseticoftiigmiakeriatohd. ddahaft manufactured by the

method of claim 9. 14 ) ) ) ) o

16. The method of claim 9, wherein the member provided is a substantially cylindrical
motor shaft.

17. The method of claim 9, wherein the first coating and the second coating are sourced
in one of the following process types: chemical vapor deposition and physical
vapor deposition.

18. The method of claim 9, wherein the first coating and the second coating include

diamond like coating material.

19. A shaft manufactured by the method of claim 9.
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