“TITLE OF THE | NVENTI ON BEARI NG DEVI CE FOR MOTOR BACKGROUND OF ‘?HI’—_’ |(R|\§E(f\|%m 0
.Field of :the Invention 5 ~ This invention relates to a bear PAgt¥ é@lwv
for "a notor such as a spindle notor. Description of the Prior Art Magnetic
di sk drives.include spindl e notors having rotary shafts. It is desirable to
suppress a shift or displacement of a 1 0 spindle-notor shaft along an
axial direction.” A thrust bearing enabl es the suppression of an axial shift
of a spindle-notor shaft. Japanese published unexam ned patent application
6- 38442 discl oses a motor for a magnetic disk drive. In the notor of

- Japanese application 6-38442, g 156 b? provided with 1 5
spiral projections and spi raI AELER INVE inat el y arranged. The

end face of a rotary notor s X proj ections. The
spi ral prOJectlons and t he s9?&§Ftﬁ5€2§é2§9§3%9§p§g§gb&ﬁrust beari ng for

the notor shaft. Wen the g A n-the recesses is
pushed agai nst the-side wal s-and is thus '~

noved |nvvard Fagd & In nti | .ame tl_ne, the Iubr| cant pushes up the end |
face of the functioning as a fluid bearing for the _
‘motor shaft. Japangpgy Bﬁﬁéﬂt%}?%l{#torﬁcn@d@gj}aggi fevga%ofdrcé‘tth ura}lﬁﬂzégg

di scloses that a ball bearing is
balls betmeersmdlytmrowace and an-inner race, and ions are unlforrﬂy :
i nj ect ed intorelative contact noving portlons of - the

Descnptlon of the Pngr Art
- Magnetm disk drives include spindle motors having rotary

shafts. It is desxrable to suppress a shift. or displacement of a
10 spmdle-motor shaft along an axial direction. A thrust beanng
- enables the suppressmn of an axial sh1ft of a sp1nd1e -motor shaft.
._ d apanese pubhshed unexamined patent application 6-38442
' d1scloses a motor for a magnetic: d1sk drive. In the motor of
, -Japanese apphcation 6-38442, a motor base board is provrded w1th
15 | sp1ral prOJecuons and splral recesses Wthh are altemately
'arranged The end face of a rotary motor shaft is abutted on the
,splral projectlons The sp1ra1 prOJecuons and the sp1ra1 recesses
serve as a thrust bearing for the motor shaft. When the motor shaft_ '
rotates lubncant in the recesses is pushed against the side walls of
20  the splral pro_jectlons and is thus moved mward therealong At the
~ same time, the lubricant pushes up the end face of the motor shaft
_thereby functioning as a fluid beanng for the motor shaft. _
| Japanese pubhshed unexammed patent apphcatlon 62- 52217
drscloses that a ball beanng is formed by accommodatmg a plurahty
25  of ba]ls between an outer race and an inner race, and ions are )

uniformly injected into relative: contact_ moving portions of the



" -2- bearing structural parts. The ion-injected surfaces of the bearing
-=structural parts enable a decrease in friction and an inprovenent of the
life of the bearing. Japanese applicatioh 62-52217 teaches that nitrogen
_ions, boron ions, carbon ions, -or chromumions are 5 injected into
bearing parts of stainless steel or bearing parts of ceramics. Japanese
publ i shed unexam ned pat ent appl i cati on 62241421 di scl oses a thrust bal
bearing in which ions are injected or inplanted into the contact surfaces
of bearing parts. The ion 1 0 inplantation enables an inprovenent of a

Feststance oPehiie StERAY AR (ol R IR RRRT STy S HLARHET
bear | g par S0 SICLFEE pat, bRl 2 %%%Jéﬁssghpﬁ‘éiﬁéﬁe%‘ § sl Bty iﬁen?f

appl i cati on t I 25y I A
P e e R Globaaing. | Dabafitse diplcioR ¢ |.k2‘“§%@*3.é ko

fr_om its Surnﬂﬁ'@gé oM BeroANoNs!, icatBoasids Fdioéﬁféihiu&ﬁﬁlé‘il‘.l@?@'epum i shed..
~unexam ned patent application 63- 89036 2 0 discloses that an all oy slide

contact #at efrijected iAto bearindgpafts opstdinless depsdcombebrisly phets BF, Se, As,.
Zn, or the like by diffusion fromlts surface to inprove an antl-abra3|on

property. Japerasdcpubl i shed 'unexam ned patent appl.ication 63- 89037
di scl oses that an alloy slide contact material of Au. Pt, Ag, Cu, or Ni =~
. - ~ Japanese published unexamined patent application 62-41421 -
| discloses a thrust ball bearing in ‘which ions are injected or
- _implanted_ into the contact ?surface,s. of beai'ing.pai'ts.' The ion
o 4 O.' 'irnplantation? enables an improveinent' Of a sliding ability of the
o -beanng and- also an enhancement of an abrasion resistance of the
| bearing Japanese apphcation 62~41421 teaches that' N ions c ions,-..-'
- :Ar-ions. Cr ions, Si ions, or B ions are imp_lanted into bearlng _parts _
| ofsteel _' c . | . | :
.15 Japanese published unexamined patent application 63 89035 o
discloses that an alloy slide contact material of Au, P, Ag, Cu,’ or Ni |
-is doped with Nb In, Ba Ca, or the like by diffusmn from its surface
to improve an antl-abrasmn property |
Japanese published unexamined patent apphcation 63 89036
20 discloses that an alloy slide contact matenal of Au Pt, Ag, Cu, or Ni
| is doped with Sb, Te, Pb, Se, As, Zn, or the like by diffusion from its -
surface to improve an anti- abrasion "property' |
Japanese pubhshed unexamined patent application 63- 89037
_ discloses that an alloy slide contact matenal of Au, Pt, Ag, Cu, or Ni -
25 | is doped with B, Si, Ge, Tl ‘or the like by diffusion from its surface

- to improve an anti- abrasmn property



25 "is doped with B, Si, Ge, Tl, or the like by diffusion fromits surface
“*to inprove an anti-abrasion property. -3 - Japanese published unexamn ned
- patent application 63-89038 discloses that an alloy slide contact materi al
.of Au, Pt, Ag, Cu, or Nl is doped with Al, Ga, My, or the |ike by diffusion
: fromlts surface to i nprove an antl-abras n property. 5 Japanese-.
publ i shed unexami ned patent application 2.89039 di scl oses that an all oy
slide contact material of Au, Pt, Ag, Cu, or N is doped with Co, Sn, Ti,
or the like by diffusion fromits surface to inprove an anti-abrasion

property. Japanesg esehpdbliskhed Ninethbahed tpaeplt | gaplicutién-89BP0380

di scl oses that an alloy slide contact material of Au,” Pt, Ag, Cu, or Ni is

doped with Clisdibses’thaPancallbhslidiekeortactithbterialnof Ao:mmt s&gstmﬁam Nb .

I mprove an anti-abrasi-on property. SUMWARY OF THE INVENTION It is an object

of this invetst dopetdowittoal d@aaMnrrprd:hecﬂiked)y diffiSondfrom dt$ surfacotor. A

first aspect of this invention provides a notor bearing device conprising a
. bearing nenbznpravearaaylteabrastPmpertyeel i nto which ions of netal

el ement and carbon ions are i pl anted via a surface of the rotary shaft

the rotaby shaft dapagesei puablished|unexamined Patens applicatione®d<90

netal el enent: being sel ected_ fromthe gt oup consi st ng of net al el ements I n

the | Va, - Va iﬁaosﬁsat]aat)@gsaléoy slide coritact material o Pt, Ag, Cu, or N :

is doped Wlth Co, Sn, ’I‘i or the hke by diffusion from its surface to
- unprove an anti-abrasion property
o Japanese published unexamined patent application 63-89040
10 _discloses that an alloy slide contact matenal of Au, Pt, Ag, Cu, or Nl
| s doped with Cr Mg, Zr P or the like by diffusion from its surface
.to improve an anti-abrasmn property '
- ngMARY OF THE. INVENTION |
| It is an obJect of this mventmn fo prov1de an improved beanng :
15 _'dev1ce for a motor. L
A ﬁrst aspect of this mvention prowdes a motor beanng devme N
compnsmg a beanng member, a rotary shaft made of steel into |
Whlch ions of metal element and carbon 1ons are implanted via a |
_ surface of the rotary shaft, the rotary shaft being slidable relative to
20 the bearing member the metal element bemg selected from the '.
| group consisting of metal elements in the IVa, Va, and Via groups of
" the periodic system" and iubricant provided between the bearing
member and the rotary shaft; wherein the surface of the rotary |
‘member opposes the beanng member _ .
25 A second aspect of this invention is based on the first aspect )

‘thereof, and provides a motor bearing deyiee wherein the ions of



‘the periodic system and | ubricant provided between the bearing menber _a'nd
the rotary shaft; wherein the surface of the rotary menber opposes the

bearing nenber. 25 A second aspect of this invention is based on the
first aspect thereof, and provides. a notor bearing device wherein the ions
of -4 - the netal elenent include titaniumions, an inplantation rate of

the titaniumions is in the range of [err]-4t-o [err] dose [err], an
-inplantation rate of the carbon ions is in the range of [err] to [err] dose
(ion/cnR), and the inplantation.rate of the carbon ions is 5 equal to or

s, nvent] ahe TRl SLALLERERIEE Bablifn | ‘r@e#&tﬂénaﬁgb%\ﬁ%é@@ ttSI |
bear i ng devi eRaaneang s iAle fathd S Y FO20NEAeREEIS BT,
made of ceram cs selected fromt roup consi s t oXi des, rret al

_nitrides, angmyibatatiof raerdf ﬂﬁcaﬂ)clr‘i’%hg 1§Siﬁe&le ‘i’angé'df lﬁ‘wntéle‘lﬁzcs

based on the third aspect thereof, and provid a not or bearing Vi ce

wherein the ceisention/casd)dmdtihb Biglantagon fdt@ltﬁst'llé earkbnlidhsl 1 X<6): 1
5 - A fifth aspect of this invention provides a notor bearing device

Sﬁg"égfté? ?Sﬂiﬂfg?meé&m??‘f? S e O L he aarng. meaey raTent
- metal el ement bei m‘gthm@aspelch‘ of)ﬂushmvgm is based on the first aspect )
' thereof and prov1des a motor ‘bearing’ devme wherein at least a
| sliding part of the beanng member is made of ceramics selected o
o from the group conS1st1ng of metal oxides, metal nitndes a.nd metal
10 carbides - | .
' A fourth aspect of this 1nvent10n is based on the tlurd aspect
thereof and provides a motor bearing dev1ce wherein the cerarmcs
| mclude SIALON havmg a composmon of SlS~O 75XAl0. O7X0XN8~X o
' (X<6) _
.15 A ﬁfth aspect of this 1nvent10n prov1des a motor beanng dev1ce
| compnsing a bearing member made of steel into Whlch ions of
metal element and carbon ions are implanted- via a surface of the
beanng member the metal element bemg selected from the group
consisting of metal elements in the IVa, Va, and Vla groups of the
- 20 ~ periodic system; a.'rotar'y shaft being slidable relative to the bearing |
| member; and lubncant prov1ded between: the bearing member and
| the rotary shaft; wherexn the surface of the bearing member opposes
the rotary shaft | ‘
~ Asixth aspect of ttns 1nvent10n is based on the fifth aspect
25 thereof, and prov_ldes_a motorbean_ng dev_ice whe_re_m-the ions of -

the metal element include titanium ions, an implantation rate of the



“consisting of metal elenments in the IVa, Va, and Vla groups of the 2 0

-~ periodic system a rotary shaft being slidable relative to the bearing .
. menber; and lubricant provi ded between the bearing nenber and the rotary

.shaft; wherein the surface of the bearing nenber opposes the rotary shaft.
A sixth aspect of this invention is based on the fifth aspect 25 thereof,
and provides a notor bearing device whereiD-the ions of the netal elenent

~include titaniumions, an inplantation rate of the - -5- titaniumions is
in the range of [err] to [err] dose [err] an inplantation.rate of the,

L i e e Rl P g
_inplantation ?ﬁ&lf{iﬁoﬁ‘%attét % (Hoh 10} 5&? is in the rang&Areo PFSERI G20O0N OF

THE DRAW NGS 1S a sec a magnet1 c di sk drive including

.-a motor bearaagec{gdﬁ}z CAY B § nﬁ?&n%@&‘ﬂ'ﬂﬁ@%f%é@éﬁo&ﬂ‘éﬁflgﬁ A Fig. 2.

is a sectional di agram of "an 1on i ant ati1 on appar at us OF THE

PREFERRED EMBGRAMENGF dfeater than the implantation Bate of EAROGIAMIIE ##E0" di ng
to a first basic embodPnent of this in ention, a notor bearing device

i ncl udes 5a bearing e b S REDE QEMI@MGFH&!E DRAWESGS nto which ions g

of netal elenent and carbon ions are inplanted via a surface of the rotary
- 'shaft. The rotar yF$g1alt1S|$stcﬁonal Wtba#nloé’amagnotﬂac disk hh'nteamc:lmgimgrmer
,'The netal elenent is .

motor bearing dev1ce accordmg to an embodiment of this mventmn

"'Fig. 2isa sectional d1agrarn of an ion unplantation apparatus

o DESCRIPTION OF THE PREFERRED EMBQDIMENT§
1 O e -_ ~ Basic Embodlmg
o _Ac'COrdi'rlg'_ to a ﬁrst basic _embo’diment of. this inven_ti_on, a
- m_o.to'r.bean‘ng devit_:_’e '_1_ric1udeS'a' b_e_a;n‘ng rnember and a rotary shaft
| Ihad'e- of steel into 'which 'iorxs of metal element and carbon ions are
_implanted via a surface of the rotary shaft. The rotary shaft is '_
15 slidable relat1ve to the beanng member. The metal element is
i :selected from the group consisting of metal elements in the IVa, Va'
: 'and Vla groups of the periodic system. ‘Lubricant is provided
| _'between the beanng member and the rotary shaft The surface of
" the rotary member opposes the beanng ‘member. '
20 - It is preferable that the ions of the metal element include
titanium ions, an implaritation rate of the titanium ions is in the
) range of 1016 to 1020 dose (ion/cm?2), an implantation rate of the
carbon ion§ is'in the range of 1017 to 1020 dose (ion/ cm?2), and the
nnplantatlon rate of the carbon ions is equal to or greater than the |
25 unplantatlon rate of the titanium lons.

Itis preferable that at least a shdmg part of the bearmg



selected fromthe group consisting of netal -elenents in the IVa, Va, and
~-Vla groups of the periodic system Lubricant is provided between the
. bearing penber and the rotary shaft. The surface of the rotary nenber

_opposes the bearing nenber. 2 0 - It is preferable that the ions of the
nmetal elenent include titaniumions, an inplantation rate of the titanium
‘ions is in the range of [err] to [err] d =[err] an inplantation rate of

the carbon ions is in the range of [err] to [err] dose [err] and the
~inplantation rate of the carbon ions is equal to or greater than the 25

i npl ant at i Onrﬂ%h?)ﬁgfigt&%d’ei Bﬁe&{-%&ﬁ@é‘%n%ééteﬁsfrBfr?ftﬁE %r@n&ﬁsﬁhgi‘?% da | _.

sliding part—o made of®ceram Cs se

L f th t d d netal
rom the gr OpaRiaLe g@gﬁg@ﬁq eSVh 8 metRl Bhrifidel] des, and neta

~car bi.des. 'S pr era t the ceramcs | e 51 ALON havi ng a

| cormOSItlon of [eyris E%‘éﬁ}abﬁ that thé\cePaHiiRg thehads SIANON s mod' ment

of this invention, tor bearing. device includes a bearing made of.

~steel into V\bbﬁipdgiﬁ@npéf 88400, 72 eARN b7 ?((dxugggr]}{kem,s are inplanted via a

- surface of the bearing nember. The .metal elenent iT selected fromthe gr oup
consi sti g of net Accereingnts a sedored Déasic émbadim¥ht of this dnventior, ahe
periodic system The notor bearing device also includes a rotary shaft
~ slidabl e rel mdtor beanihg desice igchuddsea. beatingcmember pmadectaﬁjstmlv:mO the
 beart ng rrer_rbg’rhlgﬂdmtngeot[ geata.l/ element and carbon ions are implanted via a
surface of the beanng member The metal element is selected from
o '.the group consisting of metal elements in the IVa, Va, and Via ’
_' 10 . groups_of the pericdic system. .Th'e motor bearing device also
S includes_ a rota_zjr shaft_ slidable relative to 'the.bea,rin'.g member.
.Lub'ricant is profri-de’d between the beaﬁng'member and the rctary
: shaft The surface of the beanng member opposes the rotary shaft
O Itis preferable that the ions of the metal element 1nclude _
DR 5 t1tan1um ions, an implantatmn rate of the titanium ions is in the
e range of 1016 to 1020 dose (1on/cm2) an implantation rate of the _'
~ carbon ions is in the range of 1017 to 1020 dose (ion/cm?2), and the
| 1mplantat10n rate of the carbon ions is equal to or greater than the |
| 1mplantat10n rate of the titanium ions.
20 ) | R Specxﬁg Embodiments |
| | With reference to Fig. 1,2 magnetlc disk drive includes a
"spmdle motor 1, and a base 7 to which beanng members 2 are
, — . - fixed. The beanng members 2 include a thrust bean_ng member 2a |
| | _ and a radial beanng member 2b.

'25 AR The thrust beanng member 2a is placed on an upper surface |

* of the base 7. The radial bearing member 2b is placed on the thrust



" shaft. The surface of the bearing nenber opposes the rotary shaft. It is
- preferable that the ions of the netal elenent include 1 5 titani-umions,
.an knplantation rate of the titaniumions is in the range of [err] to [err]
_dose [err],.an inplantation rate of the carbon ions is in the range of
[err] to [err] dose [err], ‘and the inplantation rate of the carbon ions is
equal to or greater than the inplantation7rate of the titaniumions. 20
Specific Enbodi ments Wth reference to Fig. 1, a nagnetic disk drive
- includes a spindle nmotor 1, and a base 7 to which bearing nenbers 2 are

fixed. The hgarks o RIRRH@]
r:a)c(li al 'bea'ri ng me chgéxszg Imé%ﬁ@eﬁﬁi{r{é t glziiﬂr)%ggene %’?a 'S 6,’Zt'laced'

on an upper cenpé abdle 8B eRBidSl I ced
on the thr usstqwﬁéﬁ bear.i r?gq'?rgnrégrlgggeéﬁ%gai?adl aFt bear i ?E?Rerrgg gﬁb; nas a
cylindrical twapp Pef@;ﬁété o®fthkadert arhBaai-:86 nabmtser 2a . .

per pendi cul ar to the upper -surface of the base 7. The thrust bearing nenber

2a extends hottends bememehea% peceusfacehsf tsbadeandral lsolewereadodf 5
“the radial bearing nenber 2b e radi al bearing nenber 2b defines a hole,

- t'he bot tHm dhewradial ibearing edemberhzbt tffhetaﬂ@rbomngrﬂmmmbar 2he spindle
- nmotor 1 has a rotary shaft la extending into the hole defined by the thrust:
bear i ng mentsdefires anI:otd;é:heabc'etbnb@&Mh@h is closed by the thrust beanng
L member 2a. L ' '
. -The spmdle motor 1 has a rotary shaft 1a extendmg 1nto ‘the
B _hole defined by the thrust bearing member 2a and the rad1a1 beanng .
‘t 0 member 2b. Lubncant 3 is prov1ded between the motor shaft la
| and the thrust. beanng member 2a, and between the motor shaft la
.and the radial beanng member 2b. _
Magnetic recordmg medlums 6 mcludlng magnet1c recordmg
: ,. _diSks are mounted on the motor shaft la. -The magnetlc recording
15 | medmms 6 rotate together with the motor shai't la.

o | _' Arms 8a have ends prov1ded with magnetlc heads 8b
respectlvely The arms 8a are connected to a rotary actuator 8. The
arms 8a and the magnetlc heads 8b can be swung by the rotary

| actuator 8. The radial posmons of the magnetm heads 8b relative to
20 the magnetic recordmg mediums 6 vary as the arms 8a and the
magnetic heads 8b are swung by the rotar_y actuator 8.
A cover 4 is connected to the base 7.. The cover 4 and the
"base 7 form an .inte.rior-.in' which the motor 1, the magnetic”
recording med1ums 6, the arms 8a the magnetlc heads 8D, and the

25. 'rotary actuator & are located.

A lower surface of the base 7 is prov1ded w1th a control circuit



1 0 nenber 2b.- Lubricant 3 is provided between the notor shaft |a and the
“thrust bearing nenber 2a; and between the notor shaft |a and the radi al
beari ng nenber 2b. Magnetic recordi ng nmediunms 6 including magnetic _
recording disks are mounted on the nmotaor shaft la. The magnetic recording 1
5 mediuns 6 rotate together with the nmotor shaft la. Arns 8a have ends
provi ded with magnetic heads.8b respectivel8- The arns 8a are connected to
a rotary actuator 8. The ‘arns. 8a and the magnetic heads 8b can be swung by
the rotary actuator 8. The radial positions of the nmagnetic heads 8b .

e magnet ¢ noaseacar SorneBET Hib FERAPatedlR ) Al R B &
connect o {0 ddedtar® 7 THOROAR i AR URcA 880 LARER el ShELdRT 1

whi ch the motor 1, the maghétic recor |ngrre

magneti ¢ headmolbr 1BB&d Hee %5ta.r§8&é’{dat%?t8'€i‘hqres§oﬁs€ tooﬁﬁt&ﬁaéﬁ* E@Wed

surface 'of the base 7 is provid wth a controf circuit

electrically cmnnmm&(hgﬁalgw spindle notor 1 and the rotary actuator 8.
The control circuit 5 drives and adjusts the spindle notor 1 and the rotary

i oSl o e Seoht sy gl e 13, 1,
“thr ust bear i rﬁjldﬂ&rbarﬂmthmist bearing| mlenh)bem' Ragand the radial bearing =~
member 2b. The lubncant 3 among the motor shaft la, the thrust |
. beanng member 2a, and the radlal beanng member 2b enables
| smooth rotauon of the motor shaft la. During rotation of the motor
10, shaft 1a, the thrust beanng member 2a the radial beanng member
S .2b and the lubncant 3 cooperate to ‘support the motor shaft la. '. R
Dunng operation of the magneuc dlSk drive of Fig. 1, the - )
N magnetic recordmg mediums 6 are rotated by the splndle motor 1
at a speed equal to, for example. about 3.600 rpm The radial
1. 5 - positions of the magnetic heads 8b relatlve to the magnehc
o recordmg mediums 6 are adjustably determmed by the rotary
.actuator 8. During opera’uon of the magnehc disk drive of Fig. 1
information can be recorded on and reproduced “from the magnet1c "
recordmg medlums 6 by the’ magnetlc heads 8b.
20. The lubncant 3 is, for example di-2- ethylhexylsebacate Mw
426, n40 11.3 cps) to Wthh buthylester based on steanc acid is
added by 3 weight %.
' It is preferable that the lubricant 3 is mineral- fluid-based
hydrocarbon radical oil or synthenc-ﬂuld -based hydrocarbon rad1ca1 '

25 il contalmng an addltwe or addmves The additive or additives

include at least one of : a wsc051ty index improver, an extreme-



“menber 2b. The lubricant 3 anong the rmt'or_ shaft la, the thrust bearing

“menber 2a, and the radial bearing member 2b enables snooth rotation of the

notor shaft la. During rotation of the nmotor 1 0 shaft la, the thrust
bearing menber 2a, the radial bearing member 2b, and the |ubricant 3
cooperate to support the motor shaft la. During operation of the magnetic
di sk drive of Fig. 1, the nmagnetic recordlﬁb'nedluns 6 are rotated by the
spindle notor 1 at a speed equal to, for exanple, about 3,600 rpm The
radial 1 5 positions of the magnetic heads 8b relative to the nagnetic

recording rrecbrtérggu@eaé@dﬁg}eusixfl?ﬁddﬂﬁ&ﬁ” H O?Pyag;ﬂﬁi{ ‘j}bﬁ{l it %Praﬁd

Duri ng operatlon of the magnheti 1on ‘can be

recorded on afif arfpoassROa e mlw&@@éﬁﬁsr&wsé%é@%&&eﬁ wht he

‘magneti c heads 8b. 20 -The | ubri cant is, for exa

di - 2- et hyl hexgreasbagaaphitely exl, &' A 4Beldl EhiePHImt OTﬂel phweHtHpd @st er

based on stearic acid Is added by 3 weight % It is preferable that the

| ubricant 3 ilayerediattiée.uiThe poerddryiy avaddof, fadexanple) M6SoBN. The _
-synthetlc f1 ui d- based hydrocarbon radical 25 oil containing an additive or

addi ti vesd Thaetaldgthinyflorisandidel of Sor rextamiipleatin| €ist opRb.oThe lubroanty
i ndex inprover, an _extreme- -9 - pressure additive, an oxidation

inhibitor, a %may me A mixpiey of theptewouslytihdicated agdmve-fbatMngcant 3
. may. be used toget her with grease, aphite, powder; or a netal thin film
" The power h a§1ﬁan d grease, graph1te \g_he prev10usly—1nd1cated powder, or the
| ' prevmusly-mdlcated metal thm film.
The thrust beanng member 2a and the radial bearing member
: 10 '2b are made of, for example metal or steel, The thrust beanng
R member 2a and the radial bearlng member 2b may be ‘made of
ceram1cs |
_ The motor- shaft 1a is made through ion 1mplantat10n . .'
o processes as mdlcated later _The ion implantation processes are
15 | | executed by an apparatus in which an arc d1scharge 1s generated ina
o :vacuum to vaporize a cathode material into ions. The ion |
' unplantatlon apparatus includes a gnd electrode subjected to a'high
_voltage The hlgh voltage to the gnd electrode accelerates the ions, .
thereby_r_nak_mg the 1ons ‘into an ion beam applied to a base material _
20 ora workpiece. Thus, the ions are implanted into the base material.
N . Fig. 2 shows an example of the ion implantation apparatus. |
. The ion n'nplantation apparatus of Flg 2 has a housing defining a |
vacuum chamber in which an ongmal member (a base member) for
.  the rnotor' shaft 1a is plac"ed' Also, the ion implantation apparatus - -
25 has a cathode 10 and an anode 11 located in the vacuum chamber.

A cathode material 10A is placed on the cathode 10. An arc



~layered lattice. The powder is made of, for exanple, [err]. The 5 netal
“~thin filmis nmade of, for exanple, In, Cu, or Pb. The lubricant 3 may be a
m xt.ure of the previously-indicated additive-containing oil and grease,

~ graphite, the previously-indicated powder, or the previously-indicated
metal thin film The thrust bearing nmenmber 2a and the radial bearing nenber
10 2b are nmade of, for exanple, netal ot Ost eel . The t hrust beari ng nenber
2a and the radial bearing nenber 2b. may be nade of ceramics. The notor
shaft l1la is nade through ion inplantation processes as indicated later. The

i on i npl ant adisem RERGSSSATerdted betwedred @A tRYdaM @R abdSahBdehi th. an

arc discharge is géneraled in a vacuumto vaporize a cathode material into

ions. The i oThé nicadistit08eaRitirdtdsstid ehtlede anatédab 10X 1AEE icudi"act ed to
a high voltage. The high voltage to the grid el ectrode accel erates the

i ons, t her ebyhedshngnphentaeim apbaratus brasbearidpieteddecd dobatsl mttbiei al 2
O or a workpiece. Thus, the ions are inplanted into the base material.

- Fig. 2 shovvsvaouunamhlambérahd subjectaul toahign volegeat The High voltage.
i npl antati on apparatus of Fig. 2 has a housing defining a vacuum chanber in
whi'ch anSoritg mge gnidirlectradeal cceeidratys ftive tams fAl otherelfy making phaced. -
~ Also, the ion inplantation apgar atus 2 5 has a cathode 10 and an anode 11
‘located in tma/aﬁ;‘umtm eam: 2Bh éppliegt o ithe awginal member or the

: cat hode 10. An arc
: - motor shaft. la Thus the ions "A" are implanted into the original

member for the motor shaft 1a via surfaces thereof which w111 form
N shding surfaces opposmg the thrust bearing member 2a and the |
| _:1 0 - radial bearing member 2b (see Fig. 1). _
o The cathode material 10A. is made of for example metal
element selected from among meta.l elements in the IVa, Va, and
. Via groups of the penod1c system The cathode material 10A may
_be sohd solution of carbon. _
15 A sample of the motor shaft la was made as follows A solid
:' cyhnder of hardened stamless steel was prepared as an ongmal
o member or a base member for the sample of the motor shaft 1a.
| The_sohd _cyhnder had an outside diameter of 25 mm. . THe sohd
o cjrlinder had an approx_imatel;t hemispherical end with a curvature
20 _cOrresPondmg to a radiu_s of 4 mm. Titanium ions and carbon ions
- w'ere'implanted'into the solid cjrlinder via an end surface thereof to
" complete the sample of the motor shaft 1a. It should be noted that
the end surface of the solid cylinder will oppose-a thrust beanng
. member in a spindle motor. During the implantation of titanium |
- 25 ioms, the acceleration vbltage was equal to 70 kv (about 147 keV).

The 'irnplantation rate of titanium ions was equal to 5 x 1017 dose



- hardened stainless steel was prepared as an ori gi nal

“di scharge is generated between the cathode 10 and the anode 11. The arc

- di scharge vaporizes the cathode naterial 10A into ions "A'. The ion

- inmplantation apparatus has a grid electrode 9 |located in the vacuum chamber.

. and subjected to a high voltage. The high voltage 5 to the grid electrode
"9 accelerates the ions "A", thereby naking the'ions "A" into an ion beam -

"B" applied to the original menber for thd hotor shaft la. Thus, the ions

~"A" . are inptanted into the original nenber for the notor shaft la via“

surfaces thereof which will formsliding surfaces opposing the thrust =~ .

CESTLRR TereTearAgEEh Sk gl SRS (P e T,
ong retsl SORNS ol 80 4 (Bt YraVRURT Olmkitpegublaneyt om

sanpl e of t heapBbArioNdwas! dqu@stdrade asol 8l aes@_-ﬁoﬁ/%ﬁnggg. epré nder  of

er or a base -

menber for tkengsleptd Amphe off@hermobef shhft 12he sefeirbd tbidslehehiash-an
outside dianeter of 2.5 nm The solid cylinder-had an approxi nmately
-hem spher§ caimpianyed metmushaftutA'.2 0 corresponding to a radius of 4 mm

Titani um.i ons and carbon ions were inplanted into the solid cylinder via-an
end surface thered¥ referenopimeotort sleaftdifl wasfmade anfollowsafA dalid it shoul'd
~be noted that the.end surface of the solid cylinder will oppose a thrust -
bear i ng nenbeylindex efphanienerstainless istecliwasiprepesedtasmmpriginahi um 25
ions, the accel erati.on voltage was equal to 70 kv (about 147 keV). The:
i npl.ant at i onTREADESTOF B BASe MeBen ks tpureference motoryshase™B". The
| o “solid cylinder had an outside diameter of 2.5 mm. The solid:_;' .
10 - éyii_ﬁdér had an approidinately 'h.e.misphex_'i'cal end with a curvature
correspondmg to a radius of 4mm. A film of Cr/N (1:1) was formed
omn an end surface of the solid c'yli.nd'er by aCr i}apor d'epositio_rl_z_. o
process and an N-ion irlra'_diat_ion. p_ro_cess..tb- complete the reference
L nibfbf 'shaft:.“_B".- The Cr \}apdr d’eposit_i.on process and the N-ion | |
L 1_5. -'irradié_ttio_n_proéess were éﬁnﬁlianébﬁsly executed. The film of Cf/N i
" had a thickness of 2 um. | o | o o
AI i'eferéncé motqi' shaft "C" was made as _folloWs._ A solid .
| Cylindef of hardened stainles_s steel Was pr'epared as an original
- member or a base ‘member for_the reference mbtor‘ sh.a'ft."C".- The
._20_ 'sol_.id cylinder had an outside diameter of 2.5 mm. The solid o
o cyl_ifider had an ap_prdximatély hemispherical end with a curvature |
. _éorfesponding to a radius of 4 mm. A film of TIN/TIiC : N (7:3)/TIN '_
was formed on an end surface of the solid cyliri_der'by an ion plating .
' pr_o"céss to co_r'nplef‘e the reference motor shaft "C". | , |
25 A reference motor shaft “D"'w;is_ 2 solid cylihder of hardened -

stainless steel.  The solid cylinder had an outside diameter of 2.5 |



[err]. During the inplantation of carbon ions, the acceleration voltage was
‘equal to 40 kv (about 40 keV). The inplantation rate of carbon ions was -
equal to 4.2 x 1018 dose (ion/cn2). The conpl eted sanple of the.notor shaft
la is referred to as the ion- 5 inplanted notor shaft "A". A reference .
notor shaft "B" was made as follows. A solid cylinder. of hardened stainless
steel was prepared as an original nenber -dr2a base nenber for the reference
~notor shaft "B". The.solid cylinder had an outside diameter of 2.5 nm The
solid 1 0 cylinder had an approxi mately hem spherical end with a curvature

zﬁafsaf’?;s;w TG R S AaET Mpﬁ%ﬁﬁ%&a%wﬁﬁégé&ngﬁdhan |
N- "B". The O
vapor depost ﬁlﬁ%?@ﬁ%@ﬁgngotﬁﬁkﬁbﬁé%é R Eista ”%%ﬁtric";‘sé wre

| f;P‘ér%ﬁ‘ES"ﬁétzreéﬁﬁ%‘*‘e%d%ﬁd Talpleh i (i el prang aéptﬁé%aré‘enﬁd
Toference mot o ST T BsR S Eg Y (TRl e T PRI 2k o
of 2.5 m§ Theasal dskewf SIEON a¢d @@aﬁﬁ@éqaavmgei)éoﬁﬁﬁaﬁﬁw pbgal end with a

curvature corresponding to a radius of 4. nm A™filmof TINTIC N (7:3)/TiN |
was .f or med ‘oSigroensxaloioreOXNg e (Xi6) d mélse@ohdbsample%f theétthigst

- process to conplete the reference notdr shaft A reference
. not or shaft *bBa.rmgmenﬁero&aWamdmadofof@Kcaeeﬁ(SK-2) '
In the case where a spindle motor is rotated at a speed of
o -'.5,400. rpm for _-10.4 H (hours) while being subjected to an axial load
10 "; of sog an example of a desirable axial displacement (shift) of a
- motor shaft is equal to 40 um or less A consideration w111 now be
| . given of a motor sha_ft which has an approximately hemisphencal
- | end W1th a curvature correspondlng to a rad1us of 4 mm. Under the
' .conditions Where such a motor ‘shaft is subJected to an axial load of
1 5" 60g and is in resment contact Wlth a msk-shaped thrust beanng
| member made of SI.ALON an esumated radlus of an area of contact :
~ between the ‘motor shaft and the thrust beanng member is equal to |
about 24 pm. In additlon, an estimated maximal contact pressure is
"equal to about 45 _kgf/mrn2 at an end surface of the motor shaft.
20 Furthermore, an estimated sinkage of the motor shaft is equal to -
| about 0.11 pm. -Gene'r"ally" lubricant provided between such a motor
shaft and a thrust beanng member is incapable of forcmg the motor
~ shaft and the thrust beanng rhember into fluid lubncatlon Thus
relative shdmg between the motor shaft and the thrust beanng
25 member is usually -1_n a mixed lubrication state. It is now assumed

that a resultant axial displacement (shift) of such a motor shaft is



"stainless steel. The solid cylinder had an outside dianmeter of 2.5 -1 2-
“-nun. The solid cylinder had an approxi mately hem spherical end with a

- curvature corresponding to a radius of 4 mm First and second sanpl es of
the thrust bearing nenber 2a were prepared. -The first sanple of the thrust
bearing nmenber 2a 5 was a disk of SIALON or ceram cs having a conposition
of [err] (X<6). The second sanple of the- i Fust beari ng nenber 2a was nade
of SK st eel (SK-2). In-the case where a spindle notor is rotated at a speed’
of 5,400 rpnifor [err] H (hours) while being subjected to.an axial load 1 0

f 60 g, | ty t
ghaft |gs 23u§ §04t?$ﬁn] Orrr?lgspﬁnﬁﬁ le(lj?lgjl era |g§&wtl($r§|ﬁéehbgfg5%gﬁ 81[ a
mot or shaf t yﬁzprbmg‘!an. aRPERIY SR an REANSARAY 1253 raflids Wtdh ArHrofat ur e

corresponding to a radius of 4 mm Under the conditions where such a notor

‘shaft is subgentast betweerthel mover shiaftl ahd 89 ¢henst bearihg eaehibwit is
contact with. a disk-shaped thrust bearing nmenber nmade of SIALON, an

‘estimated radgqual ¢d bowtr $40qimcoln additiehyaanestimated oveahablumed t he

t hrust bearing nenber . is equal to about 24 [err] In addition, an esti mat ed
maxi mal Gont Ehrasien swlenia isqaqialtto aibmmtom[mm:} a’fuza:heenrbmula;ﬁ'ace of
the notor shaft. 2 0 Furthernore, an estinmated sinkage of the notor shaft -
~is'equal . to asbmaiied lIIEa[neSlit]luIEarmhaISIlﬁ equak ta aboutr200 gud. bet ween such a

mot. or - shaft ‘anda_thrust bearing menber i's incapable of forcj ng the notor
Accordingly, a desuable relative wear rate (abrasion rate) is equal to

o '_ 10-11 mmz/N or less
o First, second third fourth, ﬁfth sixth seventh, and eighth
10 spindle motors Were fabricated. The first spindle motor used the
| _ '1on-1mp1anted motor shafc "A" and the first sample of the thrust -
'.bearing member 2a (the ceramic bearing member). The second
spmdle motor used the 1on—1mp1anted motor shaft "A" and the |
| second sample of the thrust beanng member 2a (the steel bearing
1 5 member) _The third spmdle motor used the reference motor shaft
B and the first sample of the thrust beanng member 2a (the |
ceramic beanng member) The fourth spmdle motor used the
reference motor shaft "B and the second sample of the thrust |
_ bear_mg member 2a (the.steel bearing member). The fifth spindle _
20 motor uSe_d_ the reference motor shaft "C" and the first sample of the
thrust bearing mer'n:ber-. 2a (the ceramic bearing member). The |
'_sxxth spindle motor used the reference motor shat't "C" and the
'second sample of the thrust beanng member 24 (the steel beanng
- member).’ The seventh spindle motor used the reference motor
25 shaft "D" and the first sample of the thrust -.be_aririg member 2a (the

' ceram'i_c bearing member). The eighth spindle motor used the



shaft and the thrust bearing nmenber into fluid lubrication. Thus, relative
-sliding between the notor shaft and the thrust bearing 2 5 nenber is '
usual Iy i.n a m xed lubrication state. It i's now assuned that a resultant

- axial displacenent (shift) of such a notor shaft is -1 3- equal to 40
[err] after a spindle notor is rotated at a speed of 5,400 rpmfor 104 H.
In this case, an estimated | ast radius of14n area of contact between the

nmot or shaft- and the thrust bearing menber is equal to about 540 [err]. In -
addition, an estimted wear vol urre 5 (abrasion volune) is equal to about
0.02 m8. F 2"N e&m; t o about
200 [err]. Zlf:etggrél ng?nogﬂ.;em Fﬁb e a ?é%gﬁmggsrd}ﬂg éJ%{atglr asi on- rat e) is

equal to [e fifth, sixth,
~sevent h, and}sel gﬁgh ? Bbgspl n &{égrbséév\heég ¥s g’%égf ed. The first spindl e
motor used the i opyighTd rﬁieﬁ?&%eﬁ‘ﬂe&foﬁne&%tdh% fics 6t sé@smi e tRird, he

t hrust ‘bearing menber 24 (the ceram c bearing member). The second spi ndl e

not or used tﬁo@ntnﬂﬁfﬂiﬂﬁixﬁ:ﬁdsﬂﬁé@m séadteighth dhe raetsred Tanphespf the
t hrust bearing nenber 2a (the steel beari ng 1 menber). The third spindle

‘ot or us8d téreperdhrsreiscrelatdd to ToriditivRs where ey lubticamtpwasafiot he thrust
beari ng nenber 2a (the ceram c bearing nenber). The fourth spindle notor -

used the refpravidednbetweesh dhe thtorashafmansletiwdlhsasrt)beammg meentbersin
oA 0 e gk of the first, second, third, Tourth, ARk, stxth, seventh, and
eighth spindle motors. During the first expenments each of the
o first, second third, fourth fifth, sixth, seventh and eighth spindle
10 motors was rotated at a speed of 5, 400 rpm for 300 H while being
o _ subJected to an axial load of 60 g. Regarding each of the first,
second third fourth, fifth, sixth, seventh, and eighth spindle
: motors, an axial displacement (shift) of the motor shaft was
measured after the rotation. ’I‘he measured axial displacement of
15 the motor -shaft in the first spmdie m_otor was equal to 228 um. The
| meastired axial displacement'of t_he' m_otor shaft in the second o
spindle motor was equal _to 264 um. The measiired axial
_ displacement of the motor shaf_t_ in the third spindle motor was
~equal to 298.um.' The measured axial displacement of .the motor
20 shaft in the fourth spindie motor was equal to 328 pm. The
o measured axial displacement of the motor 'shaft in the fifth spindle
' motor was equal to 343 um. The 'measur_ed axial displacement of
the motor shaft in the sixth-sﬁindle motor W"as'equ_al to 523 um. |
The measnre_d axial _diSpl_acement of the-motor shaft in the seventh
- 25 spindle motor was equal to 288 um. The measured axial

displacement of the mo_tor -Sha".ft_in the eighth spindle motor was



20 notor used the reference notor shaft "C' and the first sanple of the
-thrust bearing nenber 2a (the ceram c bearing nenber). The sixth spindle
mot or used the reference nmotor shaft "C' and the second sanple of the.
thrust bearing nmenber 2a (the steel bearlng menber). The seventh spindle
nmotor used the reference notor 2 5 shaft "D' and the first sanple of the
t hrust bearing nenmber 2a (the ceranic beatbnrg menber). The eighth spindle
motor used the . -1 4- reference notor shaft "D' and the second sanpl e of
the thrust bearing nenber 2a (the steel beari ng nenber). First experinents

e antn A B bR TREERdyab" tﬁkﬁ?ﬁé@%ﬁtﬁféﬁ*&ﬁtﬁi@tﬁ i ons.
e Y Rt Ut An S PR A D BT iR Wl drgnft R Ut

beari ng nenber I'n ea TSt secon Sixth,

- sevent h, and;gf9iphiS Rk I(?sgpi(%rns? PJI’I ng the first exper| ments, each of

t he flrst second, thir si xth, seventh, and elghth spi ndl e -

1 0 motors was rRegRdin¥ edcKRFWhORrSt, Qo frard 3RALHHMIR,

subjected to an axial load of 60 g. Regar di ng- each of the first, second,
~third, furtdeveritht lndi epuedlienmoroes, ch Feldtive wretlrer At (fatsrasa@naxi al
di spl acenent - (shift) of the notor shaft was nmeasured after the rotation.
‘The neasur edrade) asinsgdsureteafteofthe fotation iwtthe fistf experitientsi r 441 .
spi ndle notor was equal to 228 [err]. The neasured axi al dISp acengnt of
the not.or stﬂﬁet measmmdsedabﬂe wear rates were equal to about 107Y mm</N. -

To attain a relative wear rate of 10‘1 1 mm2 /N or less, it is
| ~ preferable to use lubncant between the motor shafts and the beanng
10 - members. | o _' B | o
” The reference motor shaft "D" was better than the reference
o ,motor shaft "C" in axial displacement- The reason for this fact is’
beheved to be as fo]lows During motor rotatmn a film of 'I‘1N/TiC
. N(7:3 /TIN exfoliates from a ‘motor shaft body, and resultant
15 exfohated film fragments enter a region between the motor shaft
R body and the beanng members and facmtate ‘wear of the motor shaft
body. . . .
% | ' Secondwercperiments were performed on the first, 'seco-'nd,.
| ‘ thii'dQ fourth._ fifth, su:th seventh, and eighth spindle motors. 'I_‘he
20 second eicperiments related to condttions where llub'ricant was :
prov1ded between the motor shaft and: the thrust beanng member in .
each of the first, second third, fourth, ﬁfth sixth, seventh, and
eighth spmdle motors The lubncant was di 2- ethylhexylsebacate _-
- (Mw 426, 40 11.3 cps) to wh1ch buthylester based on stearic acid’
25 was added by 3 weight %.. Dunng the second experiments, each- of _
" the first, second, third, fourth, fifth, sixth, seventh, and eighth



splndle nDtor was equal to 264 [err]. The neasured axial displacenent of
the notor shaft in the third spindle notor was equal to 298 [err]. The
measur ed axi al di splacenment of the motor 2 0 shaft in. the fourth spindle
_hotor was equal to 328 [err]. The neasured axial displacenent of the notor
‘shaft in the fifth spindle notor was equal to 343 [err]. The neasured axi al
" di spl acenent of the motor shaft. in the sixiB-spindle notor was equal to 523
ferr]. The neasured .axial displacement of the notor shaft in-the seventh -2
5 spindle notor was equal to 288 [err]. The neasured axial displacenent of

Lo T Shuenopinidle Bosoe Mad PlaReq far RisHeett, 5,400 Mt R B0D W he,
o st nceman: DEEESEERIAEATE 05 ! Iond B o0 £ RABMEiRG duiRbf fhe frst,
sixth, 5 sevgiidhd aliré Q‘Brﬁﬁlﬁpﬁﬂﬁ' 3000, Oéeiﬁerﬂhr%ﬁi'egxﬂ@% bindle

(abraS|on rate) was neasured after thé rotation in.the Tirst experlménts

Al the masufrﬁﬂof@'ﬁh' A aleis thEﬁferYte(shxﬁﬂ%khEOm%QQﬂ%Hﬁt Wago attain a
relative wear rate of [err] or less, it . is preferable to use |ubricant

bet ween. t e npieasuredf éﬁenmﬂetﬁoeabonr | The Mheasared raxiall desplaicenterce of ot or
shaft "D' was better than the reference nptor-  shaft "C' in axial

di spl.acenent . tliléhmmmssimaﬂtdn the: ﬁrStaspmcﬂehmlorteNms sntalersthiam | bywsn. Dur i ng
not or rotatlon a filmof TIiNTC. . _
: The measured axral displacement of the motor shaft in the second
spmdle motor was equal to 3 b, The measured axial displacement
. of the motor. shaft in the third spmdle motor Was equal to 6 pm.
| 10 The measured a:nal dzsplacement of the motor shaft in the fourth
: . spmdle motor was equal to 30 um. The measured axial
d1$p1acement of the motor shaft in the ﬁfth spindle motor was equal
~to 5.pm. The measured axial dlsplacement of the motor shaft in the
sixth spindle motor was equal to 28 um. The measured axial
15 d1sp1acement of the motor shaft in the seventh spmdle motor was
B equal to 11 pm. The measured axial dlsplacement of the motor |
| shaft in the elghth spindle motor was equal to 49 p.m Thus it was |
conﬁrmed that the 1on-1mplanted motor shaft "A" was better than
: .the reference motor shafts "B", "C", and "D" in axial dlsplacement. _
- 20 o Regarding each of the first, second, t_hird.' f'o_urm, fifth, sucth
'seventh and eighth spindle motors, -. a relative wear rate (abrasion
rate) was measured after the rotation in the second expenments
._All the measured rela’dve wear rates were smaller than 10-11
_— 2/N . . .
25 L Third expenments were performed on the ﬁrst spindle

' motor. The third expenments related to conditions where



N (7 3)/T|N exfollates froma notor shaft body, and resultant 1 5 .
-exfoliated filmfragnents enter a region between the notor shaft body and
t he -bearing nmenbers and facilitate wear of the notor shaft body. Second

- experinents were perforned on the first, second, third, fourth, fifth,
"sixth, seventh, and eighth spindle notors. The 20 second experinents
related to conditions where |ubricant wasipfovi ded between the nptor shaft
and-the thrust bearing nenber -in each of the first, second, third, fourth,
fifth, sixth, seventh, and eighth spindle notors The I ubricant was

-2 et el aghARaes it ok Bikdn thelpfia) 0 eﬁgéﬁoﬁ%xéfe?f Dased
each of the bpfing HEAMRr. Uihedubridilihyd g UD:cihboRaYaRe (A <l 9Pt

-1 6- spindl e notdts was rotated at a spee ile

bei ng subj eciyo@, 4F rIIaB' s )| 1RAFHIER Bath @&w&é@m Eﬁcs‘téﬁné BRid vrad

second, -third, fo sixth, seveénth, and ei ghth spindle notors, an

axial displ aaameatbysemﬁéigh@w hbmﬂ&igrmehﬂi&dva@e&imemsumé fadger the
rotation. The neasured axial displacenment of the notor shaft in the first

'spi ndl e ot OSpm$Mtbemaslaotateﬁeat]asﬁéed rof 6,40 rpii #or &,600akenent - of
the notor sh in the second spindle notor was . equal to 3 [err]. The

‘measur ed “axi wihil# bpi.mg‘,smbg\ecteﬂ tohannaxial leddhiof 601 gt hAnt dxiall dipphatiement or
was equal to-6 [err]. 1.0 ‘The neasured axial displacement of the notor
__ shaft in the(s t the motor shaft was measured after the rotation. The .
| 'measured ax1a1 displacement of the motor shaft in the first spindle
| motor was smaller than 10 um | |
1 0 . Itshould be noted that at least one of the thrust beanng
o member 2a and the rad1a1 beanng member 2b may be made through |
ion implantation processes. In tl'ns case, ions are implanted via a
- bearing-member surface which W’lll oppose the motor shaft la.
This invention may also be apphed toa spmdle motor for

| 15 dnvmg a polygon mirror in a pnnter



spi ndl e mot or was equal to 30 [err]. The measured axi al displacenent of the

“nmotor shaft in the fifth spindle notor was equal to 5 [ . The neasur ed _
axi al displacenent of the notor shaft in the sixth spi ﬁw :
.to 28 [err]. The neasured axial 15 displ acement of- them int '
‘seventh 'spindle notor was equal to 11 [err]. The nmeasur Jﬂ’ _
di spl acenent of the notor shaft in the erdlﬁ‘n spi ndl e/ not’or cwas {” 49
[err].  Thus, -it -was -confi-rned-that the ion-inplanted notor shaft "A" was =

better than the reference nmotor shafts "B", "C',” and "D' in axial
~ di spl acement WRAT IS ¢ ng each of the first, second, third, fourth,
fifth, sixth; seven elg h spindl e notors, arelative wear rate .

_(abra5|on rate) was rreasured after the rotation in the second experiments.
Al'l the measured relative wear rates were smaller than [err] [err]. 25

Third experi ment Sm&@ebémdd@ﬁcbl‘@rhpi—gmgpl ndle notor. The third -
experinents related to conditions where | ubricant was provi ded

between the notor ashehtimgnrhdribet;hrust bearing nenber. The |ubricant was
di - 2- et hyl hexyl sebacate (Mwv 426, [err]40.11.3 cps) to which buthylester
based on5stearic acrmitargsslm:fdeﬂadg of steehbntdaviichi iopst o mdtial element .
experinments, the first 5 ‘spindle notor was rotated at a speed of 5,400 rpm
for 5,000 H amd catkomdossisredmplanted viaa surfacedidhesrotary/shafti the
~ di spl acenent (shl ft f_the notor:shaft was neasured after the rotation.
The ~~  rotary shaft being slidable relative to the bearing member, the metal
” element bein'g- selected from the group conSisting of metal elements |
in the IVa, Va, and VIa groups of the periodic system; and
: ;' 10 ~ lubricant prov1ded between the beanng member and the
__rotary shaft; o ._ |
wherein the surface of the rotary member opposes. the beanng

member

15 2.  The motor bearing device of claim 1, wherein the ions of the
.' __metal.- element'inel_t_;lde utamum ions, an implantation rate of the
ﬁténium ions is in the range of 1016 to 1020 dose (ion/cm2), an
implantation rate of the carbon ions is i_n the range of 1017 o 1020
" dose (ion/ sz)., -a_nd' the 'unplantation r_ate of the carbon ions is

20 . equal to or greater- th_a.n_ the implantation rate of the titanium ions.

3.  The motdr_bean'ng device of claim 1, wherein at least a sliding
part of the bearing member is made of ceramics selected from the
' ':'group consisting of metal_"oxides. metal nitrides, and metal carbides.
25 " |

4, The motor bearing device of claim 3, wherein the ceramics



‘measured axi al displacement of the notor shaft in tf}G—ii—LsJ\Sngr
was snmaller than 10 [err]. 1 0 It should be ndated that at |east one
of the thrust bearing nenber 2a and the radial beari: ng”,mmmuﬂﬂ

made through ion inplantation processes. In this case ”ﬂl" Fed
"via a bearing-nenber surface which will Pose the fotor Shaft Ta.s Th's.
i nvention may al so be applied to a spindle Hotor for 1 5 drivi ng a pol ygon
rror-ina prienter. - VWHAT-1'S: CLAI MED | S:- 1. ‘A: ot or ‘beari ng-device
conprising: a bearing nmenber; 5 "a rotary shaft- rrade of steel into

whi ch i ons ofy ARkAL SIALIERNthARE %VcBgﬂ% SUDPBE SIEDH Y HoxNgage of |

the rotary shaft, the rotary sh g slidable rél'a |ve to he beari ng

menber, the r[x@g el enent being selected fromthe group consisting of nmetal . '

el enent s i'n the‘IVa Va, and Vla groups of the periodic system and 10
| ubri cant provided between the bearing nmenber and the rotary shaft; wherein -
the surface of the rotary nenber opposes the beafing menber. 1 5 2 The
ot or beari ng.devi Aemetor lbwaridg deveceicomprisimgs of the netal el ement

include titaniumions, an inplantation rate of the titaniumions is in the
range of $err] to Q.éreakuui@snex[xﬁer]majdet ap ktedldntorwhicheiars fenetabon ions -
I S ' the ranqgmogntlgég éa?rb%)(r)lzgons are 1mplanted via a surface of the beanng
member the metal eIement bemg selected from the group -
~consisting of metal elements in the Va, Va, and Via groups of the
o periodic system: - .
h 10 Ca rotary sha.ft bemg shdable relanve to the beanng member.
o lubncant provxded between the beanng member and the
rotary sha.ft | _
" wherein the surface of the beanng member opposes the rotary
15 shaft. | | |

6. .. The motor .bearing device of claim 5, wherein the ions of the
metal element ihclude titanium ions, an :'implantation rate of the
titanium ions is. in the range of 1016 to 1020 dose (ion/ c‘m2),_ an
20 implantation rate of the carbon ions is in the range of 1017 to 1020
dose (ion/cm?), and the implantation rate of the carbon ions is

~equal to or greater than the'implantatien rate of the titanium ions,



‘dose (ion/fcnmR), and the inplantation rate of the carbon ions is 2 0 equal
to . or greater than the. inplantation rate of-the titaniumions. 3. The
-not or. bearing device of claim1, wherein at least a sliding part of the
bearing nmenber is nmade of ceranmics selected fromthe group consisting of

met al oxides, netal nitrides, and netal carbides. 25 4. The not or bearlng
devi ce of claim3, wherein the ceramcs -1 9- include SI ALON havi ng a e
- -eonposi ti-en-ef {err}.-(X<6). 5. ~A-notor-..beartng -devi-ce -conprising: 5

a bearing nenber nade of steel into which ions of netal elenent and carbon
ions are inplanted via a surface of thglbearing menber, the netal -el ement
bei ng sel ected fromthe group consisting of netal elenents_in the IVa, Va,
and Vla groups of the periodic system 10 a rotary shaft being
“slidable relative to the bearing menber; and |ubricant provided between the
‘bearing nenber and the rotary shaft: mherein the surface of the bearing
menber opposes the rotary 1 SF:Ehﬁgr <€% he not or bearing devi ce of
claim5, wherein the ions of the al~el*e include titaniumions, an
inmplantation rate of the ' ' '
g
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‘titaniumions is in the range of [e'rr] to [err] dose [err], an 2 0
~inplantation rate of the carbon ions is in the range of [err] to [err]
- (ion/enk¥, and the inplantation rate of the carbon ions is equal to or
.greater than the i npl antation rate of the titani umlons :

ABSTRACT OF THE DISCLOSURE

"TITLE OF~ INVENTION BEARING DEVICE FOR MOTOR

A motor bearing device includes a bearing member, and a
rotary shaft made of steel into whmh ions of metal element and
carbon ions are implanted via a surface of the rotary shaft. The

S rotary shaft is slidable relatlve to the bearing member. The metal |

dose

element is selected from the group consistmg of metal elements in

~the IVa, Va, and Via groups of the periodic system. - Lubricant is
- provided between the bearing member énd_ the rotary shaft.” The
surface of the rotary member opposes the bearing member. |

Figure 1.



