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IITLE OF THE INVENTION
~ BEARING DEVICE FOR MOTOR
W -

_ Field of the Inventlgn

This 1nv_ent1on relates to a bearing device for a motor such as a - .

- spmdle motor

- _ Description of the Pn r Art
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Magnetm disk drives include spindle motors having rotary
shafts. It is desxrable to suppress a shift. or displacement of a

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

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 prOJectmns 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

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
of balls between an outer race and an inner race, and ions are )

nniformly‘ injected into relative contact moving portions of the
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beanng structural parts ‘The: ion-injected surfaces of the bearing -

structural parts enable a decrease in friction and an improvement of

- the life of the bearing. Japanese application 62-52217 teaches that

nitrogen ions, boron ions, carbon ions, or chromium ions are

injected into bearing parts of stainless steel or bearing parts of

- ceramics. .

.Japa__nese published-unexamined.patent application 62-41 42'1_ o

| discloses a thrust ball b_ean'ng in which ions are injectecl or
~ implanted into the contact Surfaces of bearing.parts.' The ion
'implantation-' enables an improvenient' ofa sliding ability of the

o -beanng and- also an enhancement of an abrasmn reSistance of the

.15
| 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 diffusion from its surface

20

| bearing Japanese apphcaﬂon 62~41421 teaches that' N ions c ions,
- 'Ar-ions. Cr ions, Si ions, or B ions are irnp_lanted into bearing _parts _

of steel

Japanese published unexamined patent applicat_ion 63 89035 "

to improve an anti-abrasmn property

Japanese published unexarnined patent apphcation 63 89036
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 material 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
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Japanese 'publiShed_ unexamined-_'pat_ent application 63-89038
discloses'that an alloy slide contact material of Au, Pt Ag, Cu, or Ni

| is doped w1th Al Ga, Mn or the like by diffusion from its surface to

- improve an anti-abrasion property

Japanese pubhshed unexamined patent applicatlon 63- 89039 -
discloses that an alloy slide contact material of Au, Pt, Ag, Cu, or Ni

is doped Wlth Co ‘Sn, ’I‘i or the like by diffusion from its surface to

| _ unprove an anti-abrasion property

Japanese published unexamined patent application 63-89040

_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

SQMMARY OF THE. INVENTION

It is an obJect of this mventmn fo prov1de an improved beanng :

_' dev1ce for a motor

A ﬁrst aspect of this mvention prowdes a motor beanng dev1ce 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

‘the bearing member the metal element being selected from the

group consisting of metal elements in the IVa, Va, and Via groups’ of "

" the periodic system and lubricant provrded between the bearing

member and the rotary shaft; wherein the surface of the rotary

‘member opposes the beanng member -

A second aspect of this invention is based on the first aspect

‘thereof, and provrdes a mo_tor beanng devi_ce wherein the ions of
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the metal element 1nclude titanium ions, an unplantation rate of the

_titanium ions is in the range of 1016 to 1020 dose tion/ cm2), an
'~ implantation rate of the. carbon ions is in the range of 1017 t0 1020 |

dose (ion/ cm2) and the unplantation rate of the carbon ions is
equal to or greater than the unplantation rate of the titanium 1ons
- A third aspect of this mvention is based on the first aspect )

thereof and prov1des a motor beanng devme wherein at least a

| sliding part of the beanng member is made of ceramics selected o
from the group con51st1ng of metal oxides, metal nitndes and metal:

carbides

A fourth aspect of this 1nvention is based on the t.hird 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)

A ﬁfth 'aspect of 't-his invention provides’ a motor bearing d'e'vi.ce

| 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 being selected from the group
cons1st1ng of metal elements in the IVa, Va, and Vla groups of the
periodic system; a rotary shaft bemg slidable relative to the bearing |

member; and lubncant prov1ded between: the bearing member and

the rotary shaft; wherein the surface of the bearing member opposes

the rotary shaft
A sixth aspect of this 1nvention is based on the fifth aspect

thereof, and prov1des a motor beanng device wherein the ions of -

the metal element 1nclude titanium. ions, an implantation rate of the
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~ titanium ions is in the range of 1016 to 1020 dose (ion/cm2), an

| implantation rate of the carbon ions is in the range of 1017 to 1020

" dose (ion/ cn12) and the implantation rate of the-carbon ions is

10

| equal to or greater than the implantation rate of the tltamum ions.

' BRIEF DESCRIPTION OF THE DRAWINGS

: Fig lis a sectional view ofa magnetic disk drive mcluding a

. motor beanng dev1ce accordmg to an embodiment of this mvenhon

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

DESCRIPTION OF THE PREFERRED EN[BQDIMENT§
L | Basic Embodlme

Accordmg to a ﬁrst bas1c embod1ment of this mvention a

- m_otor bearing dewc_:_e _1_nc1udes_ a bearing member and a rotary shaft

" | made of steel into which ions of metal element and carbon ions are

15

_implanted via a surface of the rotary shaft. The rotary shaft is '_

slidable relat1ve to the beanng member. The metal element is

: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

20
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" the rotary member opposes the beanng ‘member.

- Itis preferable that the fons of the metal element mclude

titanium ions, an implantatxon 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
unplantatlon rate of the titanium lons.

Itis preferable that at least a shdmg part of the bearmg
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member is made of ceramics selected from the group consisting of

metal ox1des metal mtndes and metal carbides.

. Itis preferable that the ceramics mclude SIALON havmg a.
composition of Sis..o 7sxAlo 07XOXN8~X (X<86).
“According toa second bas1c embodiment of this invention, a-

motor beanng device mcludes a beanng member made of steel into.

' 'wh.ich 1ons of metal element and carbon ions are implanted via a

'surface, of the beanng member. The metal element is selected from

'.the group consisting_of metal elements in the IVa, Va, and VIa N
groups of the periodic system. The motor bearing device also

“includes a rotary shaft_ slidable relative to the bearing member.
Lubricant is provided between the bearing'member and the rctary
: shaft The surface of the beanng member opposes the rotary shaft

It is preferable that the ions of the metal element mclude _

titamum ions, an implantatmn rate of the titanium ions is in the

~ carbon ions is in the ranée' of 1017 to 1020 dose (jon/cm?2), and the -
| 1mplantat10n rate of the carbon ions is equal to or greater than the
| 1mplantat10n rate of the titanium ions.

20

Specrﬁg Embodlment

W1th reference to Fig. 1,,a magnetic disk dnve 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 =

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.
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- . bearing member 2a. The radial bearing member 2b has a cyhndncal. |

20
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shape The axis of the radial bearing member 2b is perpendlcular to

- . the upper surface of the base 7.. The thrust bearing. member 2a .
- extends between the upper surface of the base 7 and a lower end of |
- 'the radial beanng member 2b. - The rad1a1 bearing member 2b |
N defines a hole the bottom of Whlch is closed by the thrust beanng

_' member 2a.

-The spmdle motor 1 has a rotary shaft 1a extendmg 1nto ‘the

o B _hole defined by the thrust bearing member 2a and the radral beanng o
10 "

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 magnehc recordmg

. _diSks are mounted on the motor shaft la. -The magnetlc recording

15 | med1ums 6 rotate together with the motor shai't la.

| 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 magnehc heads 8b can be swung by the rotary

| actuator 8. The radxal_posmons of the magnenc heads 8b relative to

the magnetic recording mediums 6'vary' as the arms 8a and the
magnetic heads 8b are swung by the rotary actuator 8.

A cover 4 is' connected to the base 7 The cover 4 and the

"base 7 form an 1ntenor in Wthh the motor 1, the magnetlc

recording med1ums 6, the arms 8a the magnetlc heads 8D, and the

'rotary actuator 8 are located.

A lower surface of the base 7 is provided with a __control circuit
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5 electrically connected to the spindle motor 1 and the rotary

‘actuator 8. The control circuit 5 drives and adjusts the sp1ndle -

motor 1 and the rotary actuator. 8 in response to externally—apphed '

- command S1gnals

During rotat.ion of the m'o'tor shaft 1a, the motor shaft 1a

o slides on the thrust beanng member 2a and the radla_l beanng

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

o 2b, and the lubncant 3 cooperate to support the motor shaft la.

Dunng operation of the magneuc dlSk drive of Fig. 1, the -

N magnetic recordmg mediums 6 are rotated by the sp1nd1e motor 1

158

at a speed equal to, for example. about 3.600 rpm The rad1a1

* positions of the magnetic heads 8b relatlve to the magnet1c

o recordmg mediums 6 are adjustably determmed by the rotary

20
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actuator 8. During operatlon of the magnehc disk drive of Fig. 1

information can be recorded on and reproduced “from the magnet1c "
recordmg mediums 6 by the magnetlc heads 8b. |

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 mxneral fluid- based
hydrocarbon radical oil or synthenc-ﬂuld -based hydrocarbon rad1ca1 '

oil contalnmg an add1t1ve or add1t1ves The additive or additives

include at least one of : a wsc051ty index improver, an extreme-
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pressure additive, an oxldation ll'lhlbltOl‘ a pour point 1mprover and
an antifoarmng agent. The lubricant 3 may be.used together with

grease, graphite, powder, or a metal thin film. The power has a

-layered lattice. The deder is made of, for example, MoS2BN. "The
~metal thin film is made of, for example, In, Cu, or Pb.  The lubricant
-3 may be a- mixture of the prewously—mdlcated additive- conta1n1ng

'-011 and grease graph1te the prewously—xndmated powder or the
- prevzously-mdlcated metal thm film. Ny
The thrust beanng member 2a and the radial bearing member

'2b are made of, for example metal or steel. The thrust beanng

o member 2a and the radial bearlng member 2b may be ‘made of

ceram1cs

‘The motor- shaft 1a is made through ion 1mplantat10n L

. processes as 1nd1cated later _The ion implantation processes are

15

executed by an apparatus in which an arc d1scharge 1s generated ina

'vacuum to vaporize a cathode ‘material into ions. The ion

.20

' unplantatlon apparatus includes a gnd electrode subjected to a'high
_voltage The h1gh voltage to the gnd electrode accelerates the ions, .
thereby making the 1ons into an ion beam applied to a base material _

or a workpiece. Thus the ions are implanted into the base material.

. Fig. 2 shows an example of the ion implantation apparatus. |

. The ion n'nplantation apparatus of Flg 2 has a housing defining a |

25

vacuum chamber in which an ongmal member (a base member) for

the rnotor' shaft 1a is plac"ed Also, the fon implantation apparatus - .
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
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discharge is generated between the cathode 10 and the anode 11
The arc discharge vaponzes the cathode material 10A into ions "A"

The ion implantatmn apparatus has a grid electrode 9 located in the

. vacuum chamber and subjected toa h1gh voltage. The high voltage
~to the grid electrode 9 accelerates the ions "A", thereby making the

~lons "A" into an ion beam “B" apphed to the original member for the

: :motor shaft la Thus the ions "A" are implanted into the original

1 o

member for the motor shaft la via surfaces thereof which w111 form
shding surfaces opposmg the thrust bearing member 2a and the |
radial bearing member 2b (see Fig. 1). _

The cathode material 10A. is made of for example metal

element selected from among meta.l elements in the IVa, Va, and

 Viagr oups 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
| 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)lr hemispherical end with a curvature
20 _cOrresPondmg to a radius 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

o me_mber in a spindle motor. During the implantation of titanium

o5

ions, the acceleration voltage was equal to 70 kv (about 147 keV).

The 'irnplantation rate of titanium ions was equal to 5 x 1017 dose
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(ion/‘cm2). 'During the implantation of carbon ions, the acceleration

- voltage was equal to 40 kv (about 40 keV). The implantation rate of

- carbon ions was equal to 1.2 x 1018 dose (ton/ cm?). The

15

completed sample of the motor shaft la is referred to as the ion-.
unplanted motor shaft "A“ | |

A reference motor shaft "B" was made as follows A solid

B cylmder of hardened stajnless steel ‘was prepared as an onginal
B 'member or a base member for the reference motor shaft "B".. The B
- solid cyh_nder_had an outside diameter of 2.5 mm.- The sohd R

correspondmg to a radius of 4 mm.. A ﬁlm of Cr/N (1:1) was formed'

: cylinder had- an approximately 'hemispheri'cal end with a curvature

| ) on an end surface of the solid cyhnder by a Cr vapor deposmon o _
. process and an N-ion 1rrad1atlon process to complete the reference_
~ motor shaft “B". The Cr vapor depositlon process and the N-ion

-'irradlatxon process were simultaneously executed The film of Cr/N'

had a thickness of 2 pm.

- 20

25

' A reference motor shaft "C" was made as follows A solid.

. cyhnder of hardened stamless steel Was prepared as an ongmal
~member or a base member for the reference motor shaft "C".. The
'sohd cylinder had an outsxde diameter of 2.5 mm. The sohd |
. cyhnder had an approxunately hemxsphencal end with a curvature _
. correspondmg to a radius of 4 mm. A film of TIN/TIC : N (7 3)/TiN.

. was formed on -an end surface of the solid cyhnder by an ion platmg

' process to complete the reference motor shaft "C".

A reference motor shaft "D" Was a solid cyhnder of hardened

stainless steel.  The solid cylinder had an outside diameter of 2.5 |
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mm. ' The solid cylinder had an approximately hernispher_ical end -

: w1th a curvature corres'pon'ding to a radius of 4 mm.

First and second"samples of the thrust bearing member 2a_

_Were prepared The first sample of the thrust beanng member 2a
‘was a disk of SIALON or ceramics having a. composmon of _
o 316-0 7sxAlo O7X0XN8~X (X<6] The second sample of the thrust
_.':bearing member 2a was made of SK steel (SK-2)

In the case where a spindle motor is rotated at a speed of

-'.5,400. rpm for 104 H (hours) while being subjected to an axial load

- of sog an example of a desirable axial displacement (shift) of a

o 'motor shaft is equal to 40 um or less A consideration w111 .now be

ﬁ15"

20

25

| | '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
60g and is in res1l1ent contact w1th a msk-shaped thrust beanng
member made of SI.ALON an esumated rad1us of an area of contact :

~ between the ‘motor shaft and the thrust beanng member is equal to

about 24 pm. In additmn an es'umated maximal contact pressure is

'equal to about 45 kgf/mm2 at an end surface of the motor shaft.

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 sliding between the motor shaft and the thrust bearing

- member is usually in a mixed lubrication state. It is now assumed

that a resultant axial displacement (shift) of such a motor shaft is.
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equal to 40 pm after a sPiridle motor is rotated at a sp'eed of 5'400 |
rpm for 104 H. In this case, an estimated last radius of an area of
contact between the motor shaft and the thrust bearing member is
equal to about 540 ;,Lm In addition, an estimated wear volume

(abrasion volume) is equal to about 0.02 mm3. Furthermore, an

- '.estimated mean sliding radius is equal to about 200 pm.

. Accordmgly, a desuable relative wear rate (abrasion rate) is equal to

o 10-11 mmz/N or less

10
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First, second third fourth, ﬁfth sixth seventh, and eighth

: 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

spindle motor used the 1o_n_-imp1anted _motor shaft "A" and the

second Sample of the thrust bearing member 2a (the steel bearing

‘member). The third Spindle motor used the reference motor shaft

B and the first sample of the thrust beanng member 2a (the

ceramic beanng mernber) The fourth spmdle motor used the

reference motor shaft "B" and the second sample of the thrust

_ bear_ing member 2a (the.steel bearing member). The fifth spindle _

motor used 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 sha.t't "C" and the
'second sample of the thrust bea.nng member 24 (the steel beanng

. member).’ The seventh spindle motor used the reference motor
shaft "D" and the first sample of the thrust -bearing member 2a (the

' cerami_c bearing member). The eighth spindle motor used the
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reference motor shaft "D" and the second sample of the thrust

_beanng member 2a. (the steel bearing member).

First expenments were performed on the first second third

fourth, fifth, sixth, seventh, and eighth s_pindle r_notors. The first

'experii‘nents related to conditions Where any lubricant wéts not
provided between the r_n_otor. shaft and the thrust bearing member in
each of the first, second, third, fourth, fifth, sixth, seventh, and

eighth spindle motors. ‘During the first experiments, each of the
B first, s‘econd third, fourth fifth, sixth, seventh and eighth spindle
“motors. was rotated at a speed of 5, 400 rpm for 300 H while being |

o ~ subj ected to an axial load of 60 g. Regardmg each of the first,

second third fourth, fifth, sixth, seventh, and eighth sp1nd1e

: motors, an axial displacement (shift) of the motor shaft was

measured after the rotation. ’I‘he measured axial displacement of
the motor -shaft in the first spindie m_otor was equal to 228 um. The
meastired axial displacement of the' motor shaft in the second .

spindle motor was equal to 264 pm. The mea_siired axial

- displacement of the motor shaft in the third spindle motor was

20

~equal to 298 um. The measured axial displacement_of .the mo’tor

shaft in the fourth spind.le motor was equal to 328 pum. The

measured axial displacement of the motor shaft in the fifth spindle

" motor was equal to 343 pm. The measured axial displacement of

the motor shaft in the sixth sp'i'ndle motor was equal to 523 pm.

~ The measured 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
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' equal to 369 pm. Thus it was cOnﬁnned that the ion-implanted

motor shaft "A" was better than the reference motor shafts "B", "C"

- and "D" in axial d1sp1acement

Regardmg each of the ﬁrst second ‘third, fourth, fifth, s1xth

seventh, and exghth 5p1nd1e motors a relatwe wear rate (abrasmn

'rate) was measured after the rotatlon in the first experiments. A11 -
- the ‘measured relative wear rates were equal to about. 10"9 mm2/ N. -
~ To attain a relative wear rate of 10‘11 mmz/N or less, it is |
~ preferable to use lubncant between the motor shafts and the beanng
10 '

members

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

. exfohated film fragments enter a region between the motor shaft |
: body and the beanng members and facmtate ‘wear of the motor shaft

body.

Second expenments were performed on the first, second

' third, fourth fifth, sixth, “seventh, and e1ghth spmdle motors. The '

second expenments related to condltlons where lubncant 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 whmh buthylester based on stearic acid
- was added by 3 weight %.. Dunng the second experiments, each- of _

the first, second, third, fourth, fifth, sixth, seventh, and eighth
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spindle ‘motors was rotated at a speed' of 5,400 rpm for 300 H while
bemg sub_]ected to an amal load of 60 g. Regarding each of the first,

) second thlrd fourth, ﬁfth sixth, seventh, and eighth spmdle

B motors an amal dlsplacement (shift) of the motor shaft was -

measured after the rotation. The measured axial displacement of

the motor shaft in the first spmdle motor was smaller than 1 Hm.

~ The measured axial displacement of the motor shaft in the second :
"Sp‘i'ndl'e 'motor was equal to 3 Hm. - The measured axial dis'piacement
. . of the motor. shaft in the third spmdle motor Was equal to 6 pm.
- 10

. splndle motor was equal to 30 um. The measured axial

The measured ax1al dzsplacement of the motor shaft in the fourth

d13p1acement 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
| d1sp1acement of the motor shaft in the seventh spmdle motor was
" 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.

Regarding each of the first, second, third, fourth, fifth, sixth,

'seventh and eighth spindle motors, a relative wear rate (abrasion
rate) was measured after the rotation in the second expenments
'All' the measured relat1ve wear rates were smaller than 10-11

_' mm2/N

Third expenments were performed on the ﬁrst spindle

' motor. The third expenments related to conditions where
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lubricant was provided b‘ettveen the motor shaft and the thrust

bearing member. The lubricant was di-2-ethylhexylsebacate (Mw
428, n40 11.3 cps) to which buthyleste_r based on stearic acid. was
-add_'ed_ by 3 weight %. During .th.e third eXperiments, the first

Spindle motor was rotated at a speed of 5,400 rpm for 5, 000 H

| while being subjected to an axlal load of 60 g. An axial displacement B

' (Shlft) of the motor shaft was measured after the rotation. The

" 'measured axial displacement of the motor shaft in the first spindle

10

15

motor was smaller than 10 um
It should be noted that at least one of the thrust beanng
member 2a and the radial beanng member 2b may be made through |

ion implantation processes. In this case, ions are implanted via a

- bearing-member surface which wxll oppose the motor shaft la.

This invention may also be apphed toa spindle motor for

dnvmg a polygon mirror in a pnnter



15

20

. //ll/ll/l//ll/lll////l/ll//ll/

-18-
-~ WHAT IS CLAIMED IS:
1. A motor beanng dev1ce comprising:

a beanng member

a rotary sha.ft made of steel into whzch ions of metal element

: and carbon fons are implanted via a surface of the rotary shaft, the

ro_tary sh_aﬂ_: being s_hdable relative to the bearing member, the metal

element being selected from the group conSisting of metal elements |

o in the IVa, Va, and VIa groups' of the periodic system; and

~ lubricant prov1ded between the beanng member and the

__rotary shaft;

wherein the surface of the rotary member opposes. the beanng

member

2. The motor bearing device of claim 1, wherein the ions of the

_metal-element'inelude utamum ions, an implantation rate of the

'titarxium ions is in the range of 1016 to 1020 dose (ion/cm2), an

implantation rate of the carbon ions is in the range of 1017 t0 1020

" dose (ion/cm?2), and the 'unplantation r_ate of the carbon ions is

. equal to or greater- than the implantation rate of the titanium ions.

3.  The moter_bean'ng device of claim 1, wherein at least a sliding

part of the beanng'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
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include SIALON having a composition of Si6~0.75XAl0.07XOXN8~X -

| (XéS)_. :

5. A motor bearing dev1ce compnsmg

] a bearing member made of steel into whlch ions of metal

- element and carbon ions are implanted via a surface of the bearing

member the metal eIement bemg selected from the group -

~consisting of metal elements in the Va, Va, and Via groups of the

s penodlc system

Ca rotary sha.ft belng shdable rela’uve to the beanng member.

‘and

| lubncant provrded between the beanng member a.nd the
rotary sha.ft | _
" wherein the surface of the beanng member opposes the rotary

6. .. The motor bearing device of claim 5, wherein the ions of the
metal element include titanium ions, an :'implantation rate of the

titanium ions is in the range of 1016 to 1020 dose (ion/cm?2), an '

_ implantation rate of the carbon ions is in the range of 1017 to 1020

dose (ion/cm?2), and the implantation rate of the carbon ions is -

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



