.2 6 FEB 2007 - 1 - 1661b6 TITLE OF THE | NVENTI ON MAGNETI C DI SK AND
<MAGNETI C DI SK APPARATUS EQUI PPED W TH MAGNETI C DI SK BACKGROUND OF brHEEB 2007
| NVENTI ON 5 The present invention relates to a magnetic disk capable of
achi eving a high density magnetic recording and to a magnetic disk

ogneti ¢ di ok | capabl 6 of readingwri ting i ch the 11y nei gnt WANAAGID

magnetic head set at a level not higher than 10.0 nm and to a magngtc
di sk apparatus equi pped with the particular nmagnetic disk. In general, a

magneti c di sk apparatus conpri sesrie ¢dmgnet i endiskKranr anged vvi_thi n a case,
a spindle nmotor 15 for supporting and rotating the magnetic di sk, and a

head suspensi onrasEaTl Wi reimafA®IE TR epTsd Amp@sa THSA) QU Neprii ng a
magneti c head for reading-witing information in and fromthe magnetic

di sk. The HSA WidlHud@sNETSIA deErSkhavi ng a magnetic 20 head fornmed thereon,
a suspensi on supporting the slider, and an arm supporting the suspension.
The HSA is rotatably support 884CB¢RQUNEaGFNG Has S@MBINE.IONThe nmagneti ¢ head
can be nmoved to an optional position on the magnetic disk by allow ng the
HSA to bé rotated DP SR e el BRI ot oF e L4 e or Her 2 t b2 Suppt @sdi she

change in the slider o , . : .
capable of achieving a high density magnetic recording

and to.a magnetic disk apparatus having the magnetic
disk mounted_thereto, particularly, to a magnetic disk
capable of reading-writing with the fly height of the
10 magnetic head set af a level not higher than 10.0 nm
_and to a magnetic disk apparatus equipped with the
particular magnetic disk.
In general, a magnetic disk apparatus comprises a
magnetic disk arranged within a case, a spindle motor
15 for supporting and rotating the magnetic disk, and a
head suspension assembly (hereinafter referred to as
HSA) including a magneti; head for reading—writing
information in and from the.magnetic disk.
The HSA includes a slider having a magnetic
20 - head formed thereon, a suspension supporting
the slider, and an arm supporting the suspension.
The HSA is rotatably supported By 2 bearing assembly.
The magnetic head can be moved to an optional position
on the magnétic disk by allowing the HSA to be rotated
25 by & voice coil motor.
In order to suppress the change in the slider

behavior when the magnetic disk is unintentionally
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behavi or when the magnetic disk is unintentionally 1111211 1111 I JJ01 1111
0000 rrerr rrir 1l coooo2* 2 6 FEB 2007 2 . brought into cont?dttF ERi 2067
thé magnetic disk in the magnetic disk apparatus, it is necessary to

i ncrease  the roughness of the magnetic disk surface to sone extent so as
:to reduce the adhesion force of the 5 slider relative to the magnetic disk.
In the conventional nmagnetic di sk apparatus,- the fly height of the
magneti c head is not snmaller than 10.0 nm Therefore, even in the case of
using a magnetic disk in which the height of the asperity on the surface

of 10 the di sk fjio&ht e AsRafddor h@i@r@tahé%me@@'é%k thappd. 0 nm it

Is possible to ensure the fly height. margin of the magnetic head, i.e.,

the minimum diglanoe beinaenghier Mmgoetie heage a0dst he ABONRLEE,sdi sk, SO
as to make it possible to maintain the fly 15 height stability of the

magneti ¢ head. timvenrghridees retorih ngs gleasi ¢ yaofk t hier regaetbcsodesk has
been increased to reach 70. GB/inch2 in recent years so as to make it
necessary to setxtdet fdy deightredicd heheongdiet s cometdrto afl ewel not hi gher
than 20 10.0 nm Under the particular situation, the fly height margin of
the magneti ¢ heddider etddhatedo ifhe hragnper¢tyisei ghinothéehe magnetic
di sk surface is not smaller than 4.0 nm As a result, the thernal
asperity is ger@raidtiorat Heaged i abidisy @mparatus, the fly height
of the magnetic head is not smaller than 10;0 nm.
Therefore, even in the case of using a magnetic disk
in which the height of the asperity on the surface of
10 | the disk (i.e., the asperity height) is not smaller
than 4.0 nm, it is possiblé to ensure the fly height
margin of the magnetic head, i.e., the minimum
distance between the magnetic head and the magnetic
disk, so as to make it possible to maintain the fly
15 height stability of the magnetic head.
However, the recording density of the magnetic
disk has been increaséd to reach 70 GB/inch? in recent
years so as to make it necesséry to set the fly height
of the ﬁagnetic head to a level not higher than
20 10.0 nm. Under the particular sifuation, the fly -
height margin of the magnetic head is eliminated
if the asperity height of the magnetic disk surface
iS not smaller than 4.0 nm. As a result, the
thermal asperity is generated, or the reliability is
25 lowered. Incidentally, thermal asperity noted above

denotes the phenomenon that the output of the MR

(magnetoresistance sensor) in the magnetic head is



25 lowered. Incidentally, thernmal asperity noted above denotes the
zphenonenon that the output of the MR (nmgnetoresistance sensor) inz-EhPEB gnm
magnetic head is 2 6 F E B 2007 3 _ changed by the heat that is geherate
when the magnetic head collides against the asperity. In order to inprove
-the SN ratio included in the electromagnetic characteristics, it is
attenpted in 5 recent. years to apply a texture processing to the
substrate of the magnetic disk so as to inpart a magnetic anisotropy to

t he magnetic disk. To bhe nore specific, the easy axis of magnetization of
a Co alloy |ayelPtstt dthishd adte Hagyhet 5 coeeent deagwhayethes 10 ori ent ed
in the circunferenti.al cﬂ recti on by the texture processing, with the
result that th&FEE dfal"eamdifeti ST ohdanmst heheguapeness.ratio in the
circunferential di r%ti&ndea;e rendered high relative to those in the
radial direction of the nHgneti cHERYe15Me] Aller ¢ heor éELBEEPUERI SRENproved
substantially Jdynpr.operdd othe residual magnetization, the thickness
of the magneti céllneaby'e'r c egcgczje'“chrae"aasce“desbsélscstol?nb?o@'et?%étﬁﬁgh’éti zation

transitign w dth-Jdhe idi uppressing_the noise_and the
Ricihe s GaRedd Ll SupRLeel o

overwite 20 characteristics. e hot e THaf the textife nedium

(ani sotr opi ¢ meslissr diavidig ihe dexidk e BIOLESSI NG applied thereto
‘exhibits an inprovenent in the resolution, the full W dtheht fal f - maxi num
and the SNI%Nmagdﬁﬂictdﬂﬁ%oﬂﬁb§§|$UW$%éom§@ﬁ5%?cbégsﬂ?ri%o be more
specific, the easy axis of magnetization of a Co alloy
layer consfituting the magnetic recording layer.is
10 oriented in the circumferential direction by the
texture processing, with the result that the residual
magnetization and the squareness ratio in the
circumferential direction are rendered high relative
to those in the radial direction of the magnetic disk.
15 Since the read output is improved substantially
in proportion tc the residual magnecization, the
thickness of the magnetic layer can be decreased so as
to improve the magnetizatibn transition width, the
capability of suppressing the noise and the overwrite
20 characteristics. It should be noted that the tex‘ure
medium (anisotropic medium) having the texture
processiﬁg applied thereto exhibits an improvement in
the resolution, the full width at half-maximum, and
the SN ratioc and, thus, is allowed to have a big merit
25 as a recording medium having a high recording density.
Such being the situation, the practical use of the

texture medium consiitutes an effective means for



25 as a recording nedium having a high recording density. Such being the
>situation, the practical use of the texture nmedium constitutes2&nFEB 2007
effective neans for 2 6 FEB 2007 4 achieving a high density recording.
However, the asperities on the disk surface are also renoved by the
-texture processing, with the result that the surface roughness of the
magnetic disk 5 tends to be rendered very4low. It follows that the
absorption properties of the magnetic head relative to the nagnetic disk
are increased. Such being the situation, in order to obtain a texture

medi um havi ng aanheghngela abigh tdenditty s dRGeSISATY to control 10 severely
the surface roughness of the disk so as to optimze the surface roughness.
An aver age roughnessicRaevemhi athd s defiiteided ron Japangsek | hidvsicd adr St andar ds
(JIS B 0601) is widely wused as an index of the surface roughness. In the
15 aver age roughsesseRaveot & dlieydexthe aaeptdrersire ghtitlofthde asperity
or valley on the surface of the magnetic disk fromthe center line of the
surface hei ghtesglitntégrtattéd anvd facs ayatihndsvevalr | thaenadngtctd obi $lor ce
that is generated when the magnetic 20 head is brought into contact with
the magnétic dit§RASi §ombéh IedIdaiaf (¢ ahe Xont act & erweclipited sy t he
asperity of the na%netic disk and is less related.to the valley. Such

being the situdPSORPHRE AFEPSIE L SoRfhidss TRETEE I ntfdd Gt ¥6d e as

an index of the magnetic disk are increased. Such being the

situation, in order to obtain a texture medium having
a high reliability, it is necessary to control

10 severely fhe surface roughness of the disk so as to
optimize the surface roughness.

An average roughness Ra, which is defined in

Japanese Industrial Standards (JIS B 0601) is widely
used as an index of the surface roughness. In the

15 average roughness Ra noted above, the depth or height
of the asperity or valley on the surface of the
magnetic disk from the center line_of the surface
height is integrated and averaged. However, the
friction force that is generated when the magnetic

20 head is brought into contact with the magnetic disk
is much related to the contact area occupied by the
asperity of the magnetic disk and is less related to
the valley. Such being the situation, the average
roughness Ra 1s insufficient for use as an index of -

25 - the surface roughness denoting.the relevancy to the
fly height stability of the magnetic head.

Difference Rp between the center line of the



25 the surface roughness denoting the relevancy to the fly height
-stability of the nmagnetic head. Difference Rp between the center 2(6 AEBN07
the 2 6 FEB 2007 - 5 height of the convex portion on the surface of the
recordi ng and the maxi num hei ght of the convex portion on the surface of
-the magnetic disk is also known as another index. However, the difference

Rp noted above 5 does not denote the av'eraEQe hei ght of the asperity. It
follows that, even if the index Rp is large, it is possible for the
surface having . a | ow aver é roughness such as a texture nmediumto fail to
lower the fri dSiEHs ocficea}?% THE St Rfer bt OoPhencbhtager betaeeh LDet he
magneti ¢ head and t (g aspangJ Y on the surface of the magnetic disk unless

t he hi gh asperi t%r detf it THRgheaPBh Bh Ehe SoRTaterertihe

recordi ng nedi y 1 ows tht the rel evanc the index Rp to the fly
hei ght stabili ty i's (?05\%ll ‘1%Cel n fraecent MIBRFELCt ﬁéshl i‘?eﬁ”‘%ﬁ%ekDoBﬂ[ 8501, 50]
bet ween t he helag{g 14 at% £h_the, contac ratlg in the bearing
curve is 0.01% and e| ght 50'0 f at'twh Fcﬁntﬁ RoRPhet RRPV® in

the bearishg cuydwes |r§050§/@ dt & 1} Q010 20, BH 509 is
used as an index of the sur}facef}oug én)ggé Egl |sc?[é)séréle p?o? éxanpl e,

Japanese Pat entt Discl @sairendtokaidn Nog 399113992119 Proposed Lp this
prior art is a magnetic disk having the difference ABHF%.%Z{ 0] set to
fall within a riangessible for the surface having a low average
roughness such as & texture medium to fzil to lower
the friction force in the stage of the contact between
10 the_magnetic head and the asperity on the surface
of the magnetic disk unless the high asperity are
included in a large area on the surface of the
recording medium. It follows that the relevancy of
the index Rp to the fly height stability is low.
15 In recent years, the difference ABH[0.01, 50i
betweeri the height BH[0.01%] at which the contact
ratio 1n the bearing curve is 0.01% and the height
BH[50%] at which the contact ratio in the bearing
‘curve is 50%, i.e., ABH[OI.Ol, 50] = !BH[0.01%] -
20 BH[50%)] |, is used as an index éf the surface
roughness, as disclosed in, for example, Japanese
Patent Disclosure (Kokai) No. 2001-160214. Proposed.
in this prior art is a magnetic disk having the

differ ence ABH[C.0X, 50) se:f to fall within a range

)
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o

etweenr 0.3 nm and 6.0 nm.
Proposed in Japanese Patent Disclosure

No. 2001-143246 is a substrate for an information



25 of between 0.3 nmand 6.0 nm Proposed in Japanese Patent Di sclosure No.
22001- 143246 is a substrate for an information 2 6 FEB 2007 6 recording
medi um i n which the height of the surface roughness at 0.4% of theé Fofbgst
ratio falls within a range of between 2.0 nmand 7.0 nm under the
-condition that the case where the contact ratio of the surface 5 roughness
is 50%is used as the standard hei ght. - Hewever, where these technol ogi es
are applied to the texture nmedium the index of the roughness noted above
is insufficient so as to make it difficult to achieve both a high

recording densitercad ry hiegh uk0 irehirabid itye HoLbe Mo ecispesifiLeein the
magneti c di sk noted above, the roughness is defined with the height at 50%
of the area raticmgdinedre diedr.idtg clurite: usedt st aratsi@ngarts Jiovwemera the
roughness is defined with 15 attentions paid to the height of a smal

nunber of asperndehddngdarhe .contracindaread rat inaddr OL0d % @tdi 01 9%
particularly, to the high asperities having a height not snmaller than 5.0
nm In the textied thsdiagge hdveevertha heomtead hrum thied ghf ofe therbsperity is
20 not larger than 3.0 nm It is considered reasonable to understand that
the aspefities TSHMAHESsurifsacd ofls thfedafmetiic Healard pristied. i nto t he
head slider by several nanoneters when the head slider is brought into
contact with the surfd&of tHERgMETe Beeknologies are applied to

the texture medium, the index of the roughness noted
above is insufficient so as to make it difficult to
achieve both a high recording density and a high

10 . reliability.

To be more specific, in the magnetic disk noted

above, the roughness is defined with the height at 50%
of the area ratio of the bearing curve used as a
stqndard. However, the roughness is defined with

15 attentions paid to the height of a small number of
asperities having the contact area ratio of 0.0l% or
0.4%, particularly, to the high asperities having
a height not smaller than 5.0 nm. In the texture
medium, however, the maximum height of the asperity is

20 not larger than 3.0 nm. It is considered reasonable
to understand that the asperities on the surface of
the magnetic head are pushed into the head slider by
several nanometers when the head slider is brought
into contact with the surface of the magnetic disk.

25 Therefore, the factor substantially determining the
adhesion properties between the slider and the surface

of the magnetic disk is the contact area at the time



25 Therefore, the factor substantially determ ning the adhesion properties
-between the slider and the surface of the nagnetic disk is the28oRERQE?
area at the time 2 6 F E B 2007 - 7 when the asperities are pushed into
the slider in a height of up to about 1.0 nm It follows that it is
«insignificant to argue the high asperities having a height not snaller
than 5.0 nmand, thus, the index 5 of the7roughness noted above is
insufficient in respect of the texture nedium The magnetic disk dlsclosed
in Japanese Patent Disclosure No. 2001-160214 noted above covers the case

where the aspekiney has adtRightif A0 Jsed Mo Lhdloyevesy im order to
realize a desired fly height of the magnetic disk, which is not |arger

than 10.0 nm azamdighdesift e recotding dengiy, Mhigdliswoothdower than 70
@GB/inch2, it is difficult for the asperity height noted above to achieve
both a hi gh reder dinsg gnli5 idennsi tho ahwee hilgh hriedh adspet ytidsn deimagneti c
di sk disclosed in Japanese Patent Disclosure No. 2001-143246 noted above,
the surface reudimess tieat s ligporttent 30 remldmdngthbe, recordidex with a
very low fly height of t he nagnetlc head is not 20 substantially defined.
BRI EF SURMARY Gfg INQVENTIEEN THE §5t edetite | v elits whi Haseeel achi eved in
view of the C|rcunstances descrlbed above, and its object 1is to provide a

magnetic di sk C&FRASE & ARG medium.

The magnetic disk disclosed in Japanese Patent
Disclosure No. 2001-160214 noted above covers the
case where the asperity has a height of 4.0 to 6.0 nm.
10 However, in order to realize a desired fly height of
the magnetic disk, which is not larger than 10.0 nm,
and a desired recording density, which is not lower
than 70 GB/inchZ, it is difficult.for the asperity
height noted above to achieve both a high recording
.15 density and a high reliability.
In the magnetic disk disclosed in Japanese Patent
Disclosure No. 2001—143246 noted abové, the surface
roughness that 'is important in realizing the recording
with a very low fly height of the magnetic head is not
20 substantially defined.
BRIEF SUMMARY OF THE INVENTION
The present invention has been achieved in view
of the circumstances described above, and its object
is to provide a magnetic disk capable of achieving
25 both a high recording density and a high reliability
and to provide a magnetic disk apparatus equipped with

the magnetic disk.



25 both a high recording density and a high reliability and to provide a
-magnetic di sk apparatus equi pped with the nagnetic disk. 2 6 FEB PO9%y7- 8
In order to achieve the object, a magnetic disk according to an aspect. of
the present invention conprises a substrate,. a |am nate structure forned
-on the substrate, the laminate structure including 5 an underlying film a
magnetic recording film a protectivefilBmand a lubricating film and a
disk surface applied with a texture processing for inparting a magnetic
orientation in the circunfer- ential direction so as to inpart a magnetic
ani sotropy 10 to t hémegrety ccdiskiave hehei oouater eatnagndtiecii oR. The
di sk surface has a value of the contact ratio [BH 1.0 nn] falling within a
range of 7%t o2f5% PANda Gledgifor IRt Het ghtepent shmvéeticoman 1.0 nm

based on the height at which a contact ratio in 15 a bearing curve of a
surface roughn&88Prd S850.2 AYRigiaticc di skalbpakat siEracewrei frermedanot her
aspect of the present invention conprises: the magnetic disk; a driving
secti on which §Gp%§?t§qﬁﬁ}r%§ﬁ%u R RNt FErF SR e ol abaetne head
whi ch reads 20 _and w.ites i rmation fromand in the magnetic disk, the

magnet i ¢ "head Ravi'R %EHMKP%T'%ﬁﬂ(rRNHQ%R%ﬁﬁCtﬁ%ﬁorﬁb?@ hht®r o the
e o oo R EASAL SUPEDS O 1 BOSeTEL GUPREL! 08t gt
~surface applied with a texture processing for
imparting a magnetic orientation in the circumfer-
ential direction so és to impart a magnetic anisotropy
10 " to the magnetic disk in the circumferential direction.
The disk surface has a value of the contact ratio
[BE 1.0 nm] falling within a range of 7% to 15% in
a region having a height not smaller than 1.0 nm,
based on the height at which a contact ratio in
15 a bearing curve of a surface roughness is 50%.

A magnetic disk apparatus according to anothér
aspect of the present invention comprises: the
magnetic disk; a driving section which supports and
rotates the magnetic disk; a magnetic head which reads

20. and writes information from and in the maghetic disk,
the magnetic head having a fly height not larger than
10.0 nm from the magnetic disk; and a head suspension
assembly supporting the magnetic head.

According to the magnetic disk described above

25 and the magnetic disk apparatus of the present
invention equipped with the magnetic disk, the contact

ratio [BH 1.0 nm] is used as an index denoting the



25 and the magnetic di sk apparatus of the present invention equipped with
~the magnetic disk, the contact ratio [BH 1.0 nm is used as an in%§¥FEB2m7
denoting the 2 6 F E B 2007 9 _ surface roughness of the magnetic “di sk.

The contact ratio [BH 1.0 nm denotes the value of the contact ratio at a
-height not smaller than 1.0 nm wth the height, at which the contact
ratio in the bearing S curve of the surface roughness neasured by an atomc
force m croscope (AFM is 500, used as a standard. The contact ratio [BH
1.0 nn] has a high relevancy to the fly height stability in a very low fly

hei ght region. shirfisxepassidire 40 SeCHE Radhytid0ihek ghtriss abbht Lyt while
mai ntai ning the superiority in the el ectronmagneti c conversion
characteristicsaafio t{imal magnetnc dhskc €y erhé Nvi hee casetpé aonesyt! ow fly
hei ght that the fly height of the magnetic head is not larger than 10.0 nm
by control i ng rtahe cswatf acercliphroughnessa biet hehamgnet i emdi skt suthet hat t he
contact ratio [BH 1.0 nm{ falls within a range of between 7% and 15%
According to tleighdsemtt iwivient itdre eomeact ndekioi sn usled Heardedi ning the
surface roughness of a 20 magnetic disk, and the surface roughness is
optini zed on tHeEWasils Wre (He ae i FRIEShNASS aneeswyred phean ppeseht
invention provides a magnetic disk having a high reliability even in the
case where t he fF&ESOMITPIFORS t T nbt P Ohersedne 502 GBF#néaRd and

The contact ratio [BH 1.0 nm) has a high
relevancy to the fly height stability in a very low
fly height region. It is possible to secure a fly

10 height stability while maintaining the superiority
in the electromagnetic conversion characteristics of
the magnetic disk even in the case of a very low fly
height that the fly height of the magnetic head is
not larger than 10.0 nm by controlling the surface

15 roughness of the magnetic disk such that fhe contact
ratio [BH 1.0 nm] falls within a range of between 7%
and 15%.

According to the present invention, a new index
1s used for defining the surface roughness of a

20 magﬁetic disk, aﬂd the surface roughness is optimized
on the basis of the new index. As a result, the
present invention provides a maénetic disk having
a high reliability even in the case where the
recording density is not lower than 70 GB/inch? and

25 the fly height of the magﬁetic head is not larger than
10.0 nm and also provide a magnetic disk apparatus

equipped with the particular magnetic disk.



25 the fly height of the magnetic head is not |arger than 10.0 nm and_al so
:provide a magnetic di sk apparatus equi pped with the particular nhdnkkBs €007
disk. 2 6 FEB 2007 10 BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE
DRAW NG The acconpanyi ng drawi ngs, which are incorporated in and
-constitute a part of the specification, illustrate presently enbodi nents of
the invention, 5-and together wth the géfieral description given above
and the detail ed description of the enbodi ments given below, serve to
explain the principles of the invention. FIG 1 is a plan view

schemati cal | y sB®IEAY DEISERIPT ICONSIH (RHE BEVEREDN HNRCoDI timn g 01 NG
enbodi nent of the present invention; FIG 2 is a side view showng in a
magni fi ed fashi on thee nagpenpendisé gorwiogsi nohudedaire tiheoHbbraskhdwn in
FIG 1; 15 FIG 3 is a cross sectional view schematically show ng the
construction ofi Gregpietfiktwieka merbrdingheospaeiénbedinent of the
present invention, FIG 4 is a drawing for explaining the index denoting
the surface roughh&sisr dFe thie FrigheyY | emEpdkmenpe FEGEDS iisvangioss sectiona
view schematically showi.ng the construction of a TD- TO test apparatus for
the magnetic didk FEUHT VatlyrHph SRBGFAG ERECFEPAEPBNSAVEN bet ween t he
pressure and trﬁ%éﬁ%(ggén%hérhépgiﬂgéngscription of the embodiments

given below, serve to explain the principles of the
invention.
FIG. 1 is a plan view schematically showing the

10 construction of an HDD according to an embodiment of
the.present invention;

FIG. 2 is a side view showing in a magnified
fashion the magnetic disk portion included in the HDD
shown in FIG. 1;

15 FIG. 3 is a cross sectional view schematically
showing the constructidn of the magnetic disk
according to one embodiment of the p;esent invention; '

FIG. 4 1s a drawing for explaining the index
denoting the surface roughness of'the magnetic disk;

20 _.FIG. 5 1s a cross sectional view schematically
showing the construction of a TD-TO test apparatus for
the magnetic disk;

FIG. 6 1s a graph showing the relationship
between the pressure.and the AE output in the TD-TO

25 test;

FIG. 7 1s a graph showing the relationship

between the surface roughness of the magnetic disk



25 test; FIG 7 is a graph showing the relationship between the surface
-roughness of the magnetic disk 2 6 F E B 2007 - 11 and the pressifefER 2007
i.e., the.TD pressure and the TO pressure; FIG 8 is a graph show ng the
rel ati onship between the surface roughness of the nagnetic disk and 5 the

A pressure; FIG 9 is a table showing the presence or absence of the

| ubricant pick-up phenomenon in relation §{p the surface roughness of the
magnetic disk; FIG 10 is a graph showing the relationship 10 between the
hei ght of the asperity on the surface of the magnetic disk and the contact

area ratio; andyndlGe Ird $s@&- & abl e showi ngrf hﬁr PsBEgsggéfﬁhéh? TO

i . .
pressure, the A pressure, and the presence or ~absencé o he re%upt|on in
the rotating speedkdurdd relation to the surface roughness in the inner
circum ferential portion, the internediate circunferential section and

the outer circunferentdal 8posthogrepht BBowmBgnehiC rdigkioRERALLED _
DESCRI PTI ON OF THE | NVENTI ON 20 A magnetic di sk according to an enbodi nment
of the presentbétnuent i e andr tadardowiiskesls i ve (HDDhaghut ppediswui bhgt he
magnetic disk will -now be described with reference to the acconpanying
drawi ngs.> As shdwn drrRlsGurk, the HDD conprises a
FIG. 9 is a table showing the presence or absence
of the lubricant pick-up phenomenon in relation to the
surface roughness of the magnetic disk;
FIG. 10 1s a graph showing the relationship
10 between the height of the asperity on the surface of
the magnetic disk and the contact area ratio; and
FIG. 11 is a table showing the TD pressure,
the TO ?ressure, the Apressure, and the presence or
absence of the reduction in the rotating.speed in
15 relation to the surface roughness in the inner circum-
ferential portion, the intermediate circumferential
section and the outer circumferential portion of the
magnetic disk.
DETAILED DESCRIPTION OF THE INVENTION
20 A magnetic disk according to an embodiment of.the
present invention and a hard disk drive (HDD) equipped
with the magnetic diék will now be described with
reference to the accompanying drawings.
As shown in FIG. 1, the HDD comprises a
25 rectangular box-shaped case 12 opened at the upper

end, and a top cover (not shown) screwed tb the case

12 by a plurality of screws so as to close the upper



25 rectangul a
s(not shown) s
t he upper 2 6

are, for exanple,

+shown in FIG
acting as a d
a plurality

fromthe magn

notor (VCM

r box-shaped case 12 opened at the upper end, and a top cover

crewed to the case 12 by a plurality of screws so as?

§ oF KB aogp

"FEB 2007 12 opening of the case 12. Housed.in.the case 12

1) each used as a recording medium S a spindle notor

two magnetic disks 16 (one nagnetic disk 16 al one being

18

riving section for suppotrting and driving the magnetic di sk,

of magnetic heads for witing and readi ng i nfornmation

in and

etic disk, a carriage assenbly 22 supporting the magnetic
heads so as tockenmmMabife tH: relative to the magnetic disk 16, a voice coi

for rotating and positioning the carriage assenbly 22,

a ranp

road mechani sm 25 f afowddling the camgnet i groeadsri 8xampet| eahioposition
magneti c di sks when the nagnetic heads are noved to 15 the
out er most ci r cuafoereemice difsihe dragnet itaghiskss sk B6 sabst¢ abeingi t 21

r exanple, a read-wite anplifier providing a processing
circuit of a rsdcord-wr il silgnatachA ygedtas i rewtdsupsteadt en(not shown)
olling the operations of the spindle notor 18, the VCM 24 and
the magnétic héadhldE eyl o & et ioid ers surdateind sdet bot t borwal | of
the case 12 with the substrate unit 21 interposed therebetween. A magnetic

away fromthe
i ncluding, fo

for 20 contr

recordi ng |ay

10

15

20

25

eP YRR rims B acying the magnetic disk, a plurality

of magnetic heads for writing and reading information
in and from the magnetic disk, a carriage assembly 22
supporting the magnetic heads so as to be movable
relative to the magnetic disk 16, a voice coil motor
(VCM) for rotating and positioning the carriage
assembly 22, a ramp road mechanism 25 for holding the
magnetic heads in a retreat position away from the
magnetic disks when the magnetic heads are moved to
the outermost circumference of the magnetic disks,
and a substrate unit 21 including, for example,
a read—wfite amplifier providing a processing circuit
of a record-write signal.

A printed circuit substrate (not shown) for
controlling the operations of the spindle motor 18,

the VCM 24 and the magnetic head is screwed to the

outer surface of the bottom wall of the case 12 with

the substrate unit 21 interposed therebetween.

A magnetic recording layer is formed on each

of the upper surface and the lower surface of each of

the magnetic disks 16. The two magnetic disks 16 are

engaged with the outer periphery of a hub (not shown)



25 of the upper surface and the | ower surface of each of the magnetic
-disks 16. The two magnetic disks 16 are engaged with the outer periphery
of ‘a hub (not shown) 2 6 F E S 2007 13 of the spindle notor 18 &nfdl FEBXx20F
onto the hub by a clanp spring 17. As a result, the two magnetic disks 16
-are coaxially stacked one upon the other wwth.a prescribed clearance

t her ebet ween. These two magnetic 5 disks 16 are integrally rotated at a
prescribed rotating speed, e.g., 4200 rpm in the direction denoted by an
arrow B by driving the spindle notor 18. The carriage assenbly 22 incl udes

a bearing uni b26Hd xed i < ke thet temamd I£6fed M iashd handy 10 a
plurality of arnms 32 extending fromthe bearing unit 26. These arns 32 are

positioned a praseid bedindi St7ancesapante fulom eaoh widefa@sk paraddied to the
surface of the magnetic disk 16 and extend in the sane direction fromthe -
bearing unit 26.6 Bre carxiagd ylstassenblon@iparc|idesoBlangat gd. a

pl at e- shaped suspensions 38 that can be elastically deforned. The
suspensi ons 38 rares drofesd cdfeaq dnesf WpriaigetwWien pr dkied e rofgrathc
suspension 38 is fixed to the tip of the corresponding arm 32 by neans of
the spot ° 20 welidikfg 16r agdhesitewiand t e tsisrerst on B et &veid outward from
the arm 32. Incidentally, it is possible for each suspension 38 to be
fornmed i nt egr al* QHAH S PSS T EsFondidrd Arh™2. 1TrHe & 32 &P t he

suspension 38 dce%lolteecé ibvyelasél faorrrr(r)]wa Bh%ayd cfruis ienncfit%ne’ sapnidnélhee Irboe’?gr 18.
The carriage assembly 22 includes a bearing

unit 26 fixed to the bottom wall of the case 12 and

10 a plurality of arms 32 extending from the bearing
unit 26. These arms 32 are positioned a prescribed
distance apart from each other and parallel to the
surface of the magnetic disk 16 and extend in the same
direction from the bearing unit 26. The carriage

15 assembly 22 includes elongated plate-shaped
suspensions 38 that can be elastically deformed.
The suspensions 38 are formed of a leaf spring.
The proximal end of each suspension 38 is fixed to the
tip of the corresponding arm 32 by means of the spot

20 - welding or adhesion and the suspension 38 extends
outward from the arm 32. Incidentally, it is possible
for each suspension 38 to be formed integral with the
corresponding arm 32. The arm 32 and the suspension
38 collectively form a head suspension, and the head

25 suspension thus formed and the magnetic heéd
collectively form a head suspension assembly.

As shown in FIG. 2, each magnetic head 40



25 suspension thus formed and the magnetic head collectively forma head"

> suspensi on assenbly. As shown in FIG 2, each nagnetic head 40 266FE&RN7
2007 - 14 includes a substantially rectangular slider 42 and a
record-write head portion 44 fornmed on the edge surface of the slider 42.
«The magnetic head 40 of the particular construction is fixed to a ginbal 5
spring 41 nounted to the tip portion of the suspension 38. A head |oad L
directed toward the surface of the nagnetic disk 16 is applied to each of
the magnetic heads 40 by the elasticity of the suspensions 38. During

operation of theded he Sfilpsheiahii of tde ddynpgnesi cabeagh 4hngel ative to
the magnetic disk 16 is set at 10.0 nmor less. As showmn in FIG 1, the

carri age assentyd ye2drd-ndiudesaasupporiomngs 4 resendd ext endi agqgéromthe
bearing unit 26 in a direction opposite to the 15 extending direction of
the arns 32. Aswifeeecaiil the <landdd t42 | ngllee paadnof i ¢ hiee MEMI @40 S
supported by the supporting franme 45. The supporting frame 45 is forned
integral on thé&hsuteer wiowcaf ereamttialcsued ace fofed heovai gemical | 47 by
using a synthetic resin. 20 The voice coil 47 is positioned between a pair
of yokes 49 fispaddnD 4lh@qased X and ¢ ohse i pereson hef VOW 24dspegeidrer with
t hese yokes 49 and a magnet. (not shown) fixed to one of these yokes 49.

The carriage aSsentht Y228 jloadilattF ebrd tPiea B akh dgswhf 2c260 hhhe

magnetic disk 16 1s applied to each of the magnetic
heads 40 by the elasticity of the suspensions 38.
During operation of the HDD, the fly height.of the

10 magnetic head 40 relative to the magnetic disk 16 is
set at 10.0 nm or less.

As shown in FIG. 1, the carriage assembly 22.
includes a supporting frame 45 extending from the
bearing unit 26 in a direction opposite to the

15 extending direction of the arms 32. A voice coil 47
constituting a parf of the VCM 24 is supported by the
supporting frame 45. The supporting frame 45 is
formed integral on the outer circumferential surface
of the voice coil 47 by using a synthetic resin.

20 The veoice coil 47 is positioned between a pair of
yokes 49 fixed to the case 12 and constitutes the VCM
24 together with these yokes 49 and a magnet (not
shown) fixed to one of these yokes 49. The carriage
assembly 22 1s rotated about the bearing unit 26 when

25 an electric current 1s supplied into the voice coil
47, with the result'that the magnetic head 40 is moved

to and positioned on a desired track on the magnetic



25 an electric current is supplied into the voice coil 47, with the result
sthat the magnetic head 40 is noved to and positioned on a desireg tHEgacigON
t he magnetic 26 FEB 2007 - 15 disk 16. The ranp road nechani sm 25
includes a ranp 51 forned on the bottomwall of the case 12 and arranged
+on the outside of the magnetic disks 16 and a tub 53 5 extending fromthe -
tip end of each of the suspensions 38. Wwen the carriage assenbly 22 is
rotated to the retreat position on the outside of the nagnetic disks 16,
each tub 53 is engaged with the ranp surface fornmed on the ranp 51 and,
then, pulled upwandy the 10 inclination of the ranp surface so as to
performthe unload operation of the nagnetic head. The magnetic disk 16

included in the HDDmid |ri1ow r s des@kdbeshi nsdetal hde £Sa Sh b0 FIG 3,
the magnetic disk 16 includes 15 as a substrate 50 a crystallized gl ass

substrate havifegrmed hircknes o@ftdhn Svam anfl eheli eapterz odnd. Srinches. A
polishing treatnment is applied to the surface of the substrate 50 by using
an abrasive slamr rohecanttad ang Teriamaxiael c Adleks ure pidcessings320 which
uses "18000P" manufactured by EDC in U S. as the processing apparatus, is
appl i ed o the estreinagg off ndie tixubsity atred 50F i eathec Li tloeind eseen s Bbns
direction by using a dianond slurry. As a result, the nmagnetic disk 16
constitutes a st-calhad "thsteae yath wgsembly 22 is rotated to the

retreat position on the outside of the magnetic disks
16, each tub 53 is engaged with the ramp surface
formed on tﬁe ramp 51 and, then, pulled upward by the
10 inclination of the ramp surface so as to perform the
unload operation of the magnetic head.
The magnetic disk 16 included in the HDD will now
be described in detail.
As shown in FIG. 3, the magnetic disk 16 includes
15 as a_substrate 50 a crystallized glass substrate
having a thickness of 0.5 mm and a diameter of
1.8 inches. A polishing treatment is applied to the
surface of the substrate 50 by using an abrasive
slurry containing cerium oxide. A texture processing,
20 which uses “1800CP” manufactured by EDC in U.S. as the
processing apparatus, is applied to the surface of the
substrate 50 in the circumferential direction by using
a diamond slurry. As a result, the magnetic disk 16
constitutes a so-called “texture medium”.
25 A multi-lavered film is formed on each surface
of the substrate 50 by a sputtering process.

Specifically, a first underlying film 52 made of CrTi



25 Anulti-layered filmis fornmed on each surface of the substrate 50 by a
sSputtering process. - Specifically, a first underlying film 52 nmade 81‘%&%&0
2 6 FEB 2007 16 and a second underlying |aver made of a O seri e2s 7
and having a thickness of 10.0 nmare formed successively on each surface
«of the substrate 50. A lam nate structure consisting of a stabilizing film
5 56 made of a CoCrPtB alloy and having al¢hie€kness of 2 nm an
internediate film58 made of Ru and having a thickness of 1 nm a nagnetic
recording film60 made of a CoCrPtB alloy and having a thickness of 5.0

nm and a proteet iavedddrn Ghdmde, iofg cadpon ik hawi NacAOs@r 1 hi ckness of
3.0 nmare forned on the second wunderlying film54. The protective film 62
is coated wthladwhricantvicontaitiingndos eXxanpl @, nipesfé ups omeol yet her
as the main conponent so as to forma Ilubricating film®64 in a thickness
of 1.7 nm on tBeccEssrnatlectdrveeddd mub2faddheo Sutrliacsul oughnesso of t he
magnetic disk 16 of the construction described above is determned to fall
within a prescri Bedhimaige sthatciw defdmeids binaséhge astheni 1 hdexg Tolbe nore
specific, the roughness of 20 each surface of the nmagnetic disk 16 is
determ ned sucth tide tHe ¥ &le OB thiel QoM@ thaeind § B icknesd ofn the
regi on having % hei ght not. smal|er than 1.0 nm falls wthin a range of

1

bet ween 7% and “3%b&ded TP IRHE T ght 1Rt > Wnede the Boma@th?BiPe i s 500

in the a thickness of 1 nm, a magnetic recording film 60 made

of a CoCrPtB alloy and having a thickness of 5.0 nm,
and a protective film 62 made of carbon and having

10 a thickness of 3.0 nm are formed on the second
underlying film 54. The protective film 62 is coated
with a lubricant containing, for example, perfluoro
polyether as the main component so as to form a
lubricating film 64 in a thickness of 1.7 nm on the

15 protective film 62.

The surface roughness of the magnetic disk 16 of
the construction described above is détermined to fall
within a prescribed range that is defined by using
a new index. To be more specific, the roughness of

20 each surface of the magnetic disk 16 is determined
such that the value of the contact ratio [BH 1.0 mm]
in the region having a height not smaller than 1.0 nm
falls within a range of between 7% and 15% based on
the height at which the contact ratio is 50% iﬁ the

25 bearing curve of the surface roughness measured by the
atomic force microscope (AFM). As shown in FIG. 4,

each surface of the magnetic disk 16 is formed such



25 bearing curve of the surface roughness neasured by the atomc force
:mcroscope (AFM. As shown in FIG 4, each surface of the magne2 §crel $4g; 16
is formed such 2 6 FEB 2007 17 that, in a cross section parallel to the
surface of the nmagnetic disk 16, the height position of the cross section
-at which the cross sectional area of the asperity and valley on the disk
surface occupies 50% 5 of the entire cross7section of the nmagnetic disk is
used as a center line, and the area of the cross section in the position

where the height fromthe center line is not smaller than 1.0 nmfalls
within a rangehef:,benweenr ré¥sant th%rofpdhel adlea Oft Hdhes 1Of seasyf ed range
(10 u mX 10 m. The height of asperity on the surface of the nagnetic
disk is low, i tke malbowtid @ik lgnd the heisper igositsi qushedthatordde
magneti c di sk by several nanoneters when the nmagnetic disk is brought into
15 cont act wit Iseche omagritetihg deddie Sucts heian) tdreel sitamtddnthe he i ndex

not ed above has been created on the basis that the adhesion properties

bet ween the sPkiS#er il the YRgrAEY CThede ahids i el meiret 9 eC P bks ap@d

determ ned mai nly bythe contact area between the 20 slider and the surface
of the magneti &ditsle AR TenE X OiHer Ty I Pushrnl Tt He Wedhet$ ¢ di sk by
about 1.0 nm .The shape on the surface, of the magnetic disk 16 can be
obt ai ned by-apbﬁsﬁdnﬁsaat@@’&re 3736‘0%35"1‘% (rarea of the cross

section in the position where the height from the
center line is not smaller than 1.0 nm falls within
a range of between 7% and 15% of the area of the

10 measured range (10 pgum X 10 pugm).

The height of asperity on the surface of the
magnetic disk is low, i.e., about 3.0 nm, and the
asperity is pushed into the magnetic disk by several
nanometers when the magnetic disk is brought into

15 | contact with the magnetic head. Such being the

| situation, the index noted above has been created on

the basis that the adhesion pfoperties between the
slider of the magnetic head and the magnetic disk are
determined mainly by the contact area between the

20 slider and the surface of the magnetic disk when the
asperity is pushed into the magnetic disk by about
1.0 nm.

- The shape on the surface of the magnetic disk 16
can be obtained by .applying a texture processing {(for

25 forming a groove in a circumferential direction) to
the surface of the substrate 50 in addition to, for

example, a mechanical processing or a chemical surface



25 formng a groove in a circunferential direction) to the surfac

ani sotropy to
-for exanpl e,

the mterial

of the
:substrate 50 in addition to, for exanple, a nechanical processingBOFE&ZWW
chem cal surface 2 6 FEB 2007 - 18 processing so as to inpart a magnetic
t he magnetic disk 16. The substrate 50 can be fornmed of,
al um nosilicate, an anorphous glass such as soda line, a
crystallized glass such as 5 lithiumsilicate, or an alum num all oy, though
of the substrate 50 is not particularly limted as far as it

is possible to formthe particular surface shape noted above. It should be
noted, however pridialssiSiNee the & st 4 Z&%Qﬁr?é@iéoarh?@o@réﬁ% atd vel
[

| arge curvature radius at the tip of the asperity, the asper

y

y tends to

remai n unrenovede afdeere thifte diext ure. processig s thusan the foughness
can be controlled easily. Such being the situation, it is desirable

the substrate 50t ddve efampad:,ofal bl reoiryistadd i zed ghasshold §hessase of
using a crystallized glass, the roughness on the surface of the substrate

i s changed dependimgsorsdadee 1igreystaaldid b tregl tienpkratas e, stdie g0l i shi ng

conditions such as the kind of the slurry used, the kind of the 20
pol i shing cl ot H,1thHepseddssiting. 9o e85 urlaimsimdint heel 1y ocgssigly there, and the
texture conditions such as the kind of the slurry used, the kind of the
processi ng t ap@aisedalt nd procesisigataad G el Rrocessiaglyi me. After.

formation of.the filmon the

10

15

20

25

imited as far as it 1s possible to form the
particular surface shape noted above. It should be
noted, however, that, since the crystallized glass
has a relatively large curvature radius at the tip of
the asperity, the asperity tends to remain unremoved
after the texture processing and, thus, the roughness
can be controlied easily. "Such being the situation,
it is desirable for the substrate 50 to be formed of
a crystallized glass. In the case of using
a crystallized glass, the roughness on the surface
of the substrate is changed depending on the
crystallizing temperature, the polishing conditions
such as the kind of the slurry used, the kind of the
polishing cloth, the processing. pressure and the
processing time, and the texture conditions such
as the kind of the slurry used, the kind of the
processing tape used, the processing load and the
processing time. After. formation of the film on the
surface of the substrate 50, the surface roughness of
the magnetic disk is changed depending on the material

and the thickness of the underlying layer, and the

for



25 surface of the substrate 50, the surface roughness of the magnetic disk
:1s changed depending on the material and the thickness of the underlying
| ayer, and the 2 6 FEB 2007 19 tape varnish conditions. The preggnge EB 2007
inventors have conducted a conparative test by manufacturing various
:sanpl es of magnetic disks differing fromeach other in the 5 surface
roughness ([BH 1.0 nm being about 4%-to 120%-~ These sanples were rendered
different fromeach other in the surface roughness by changi ng the
polishing. conditions of the crystallized substrate and the process
conditions of theetexturiehsdohdasihe .kind 10 of the slurry used, the
processing |load, and the processing tine. In conducting the conparative
test, an atom c forflde mresesdoperwas asehdor aeadwetied at he shape of the
surface of the magnetic disk, the neasuring range was set at 10 um X 10
um and the 1l5cnupbeptdfvesdamti by Mamexs agdsisiagty ata2581s Befraylees pef f or mi ng
the arithmetic calculation of the bearing curve, the nmeasured data were
subj ected to aM™PPPEERC ﬁﬂééés§ﬂﬁée§P&%1Hﬁqm(QﬁQhNOEhQF M dhelirections)
and to a flatten _(order = In order to evaluate the adheS|on

properties of Sthé ﬁﬁgﬁé?ﬂllgémﬁls§k § [BETB-FOTHs (P %eltd afptiled’ ¥ o-@actht) sanpl e.

Ao oo 1 Boghs, SIRRHER, RRCIALIR P, J01, e JDLTO Lost, compri seo 2

make in the surface roughness by changing the polishing.
conditions of the crystallized substrate and the
process conditions of the texture such as the kind

10 of the slurry used, the processing load, and the
processing time. 1In cdnducting the comparative test,
an atomic force microscope was used for measuring
the shape of the surface of the magnetic disk, the
measuring range was set at 10 um X 10 um, and the

15 number of scanning lines was éet at 256. Before
performing the arithmetic calculation of the bearing
curve, the measured data were subjected to a filter
processing plain fit (order = 1, X, Y directions) and
to a flatten (order = 0).

20 In order to evaluate the adhesion properties of
the magnetic disk, a TD-TO test was.applied to each
sample. As shown in FIG. 5, the test apparatus used
for the TD-TO test comprises a chamber 70. An exhaust
pump 72 1is connected to the chamber 70 so as to make

25 it possible to lower the pressure within the

chamber 70 to about 0.3 atm. A stage 74 is arranged

within the chamber 70, and a spindle motor 75 and



25 it possible to |lower the pressure within the chanber 70 to abgut 0.3
ratm A stage 74 is arranged wthin the chanber 70, and a spindl SnbEB 12075
and 2 6 FEB 2007 20 a supporting post 76 are arranged on the stage 74. A
magneti c di sk 80 used as a sanple is supported by the spindle notor 75 so
‘as to be rotated at the rotating speed of, for exanple, 4200 rpm An arm
77 5 and a suspension 78 are nounted to the supporting post 76, and a
magneti c head 82 to be tested is supported at the tip of the suspension
78. An acoustic em ssion (AE) sensor 84 for detecting the degree of
contact between sulbporagmet ipo stead 82 and theydmanetire Hskg80740 is
nounted to the arm 77, and the AE sensor 84 is connected to an '

osci | | oscope 85. megnearnductisig sttheisER EQ testamphe mmgnetper th&koy 80 s
nounted to the spindle notor 75 so as to be rotated at the rotating speed
of 4200 rpm Utder srhinsllEs mottatre,’ X s pressurtee widtvtred et chamber 70 i s
gradually lowered so as to decrease the fly height of the nagnetic head
82 relative torthetsmdf seecst Athe faragneniwl & % 0. rowhi | At hermi | %7 hei ght

of the pagnetic head 82 is being decreased, the output of 20 the AE sensor
84 i s nonitored@"By et ﬁéls@%sllloé’sag‘pér%.mo%t%chdim G REres time rathut of

t he AE sensor is_rapidly increase t the tine when the pressure within
t he chanber 7087i% Iaé’\ﬁeﬁealat%lerté& ezi‘cgeara% ati%eqeevteqs.teq'h]i% FHR TR YS t hat

the magnetic h%%dt%%§tQ%?%beeggg%spension 78. An acoustic emission

(AE) sensor 84 for detecting the degree of contact
between the magnetic head 82 and the magnetic disk 80
10 is mounted to the arm 77, and the AE sensor 84 is
connected to an oscilloscope 85.
Ih conducting the TD-TO test, the magnetic disk
80 is mounted to the spindle motor 75 so as to be
rotated at the rotating speed of 4200 rpm. Under this
15 state, the preésure within the chamber 70 is gradually
lowered so as to decrease the fly height of the
magnetic head 82 relative to the surface of the
magnetic disk 80. While the fly height of the
magnetic head 82 is being decreased, the output of
20 the AE sensor 84 is monitored by the oscilloséope 85.
As shown in FIG. 6, the output of the AE sensor 84 is
rapidly increased at the time when the pressure within
the chamber 70 1is lowered to reach a certain level.
This indicates that the magnetic head has been brought
25 into contact with the surface of the magnetic disk.
The pressure at this stage constitutes a touch down

(TD) pressure A.



25 into contact with the surface of the magnetic disk. The pressure at
-this stage constitutes a touch down (TD) pressure A. 2 6 FEB 200y ¢ Z&W
1f the pressure within the chanber 70 is increased by contraries In Etan
next stage, the AE output is maintained at a | arge value until the
‘pressure is increased to reach a certain level and, S then, is abruptly

| owered to a noise level. This indicate2that the nagnetic head has been
caused to fly again fromthe surface of the nagnetic disk. The pressure at
this stage constitutes a take-off (TO pressure B. Also, the difference
bet ween the TO 10 priessivee i3 carxditdhev i pf essdrchdbdr €70 B- A,
constitutes O pressure C. The test for neasuring the TD pressure A the TO
pressure B andinhheecAsprdedyurenCrars ezaliredttee HaxD dtesie, Titee B TD t est was
conducted on the plural 15 sanples. It has been clarified that the 0
pressure C sugyesis tilse madhdsiiorepradper tiasyeofvalhe magnet i thai sk, . and
that, in the magnetic disk in which the TO pressure exceeds 0.7 atm the
probl em of ads®ESESISEAC tLENdPAE AFEYifermasd) & adid Prressifel ofnd. 7 atm
that 20 is specified in the actual magnetic di sk apparatus. Under the

ci rcunst ances, F¥F or dér 2PG UEIIMilAY KRS WurF &8 Souditress ofhithe magnetic

o ke '8, TOTO egt 90 1ar 0, et descrl e hove has, begp, conglcted by

fly again from the surface of the magnetic disk.
The pressure at this stage constitutes a take-off (TO)
pressure B. Also, the difference between the TO

10 pressure B and the TD pressure A, i.e., B - B,
constitutes A pressure C. The test for measuring the
TD pressure A, the TO pressure B and the A pressure C
is called a TO-TD test.

The TO—fD test was conducted on the plural

15 samples. It has been clarified that the A pressure C
suggests the adhesion properties of the magnetic disk,.
and that, in the magnetic disk in which the TO
pressure exceeds 0.7 atm, the problem of adsorption
tends to be generated at the pressure of 0.7 atm that

20 is specified in the actual magnetic disk apparatus.

Under the circumstances, in order to optimize the

sﬁrface roughness of the magnetic disk, a TD-TO test
similar to that described above has been conducted by
using the various sample disks described above and

25 a magnetic head having the fly height that is not
larger than 10.0 nm. FIG. 7 is a graph showing the

relationship between the pressures, i.e., the TD



25 a magnetic head having the fly height that is not Ilarger than 10.0 nm
:FIG 7 is a graph showing the relationship between the pressures g 89007
the TD 2 6 FEB 2007 - 22 pressure and the TO pressure, and [ BH 1.6 nr%.
Also, FIG 8 is a graph showing the relationship between [BH 1.0 nnj and
ithe A pressure C. As apparent fromFIG 7, in order to allowthe 5 TO
pressure to be not higher than 0.7 atmingtuding the nonuniformty of the
data, it is necessary for [BH 1.0 nm to be not snmaller than 7% If [BH 1.0
nmM is smaller than 7% the TD pressure is not |owered even if the

surface roughnessseurdchenmanet iTo disksdisrd0 dovered. 1 As @pparent from FILG
8, the A pressure Cis rapidly increased. In other words, the adhesion

properties areAlseoreased. 8Asisa o estddh geneiad eché sre1diei phemnpsenon t hat
the magnetic head does not fly fromthe surface of the nmagnetic di sk even
at the 15 presdwtecen (BH dt.M rm tdrid freshheressfrd BH 1.0 nml  is smaller
-than 7% the surface of the nagnetic disk is rendered excessively flat so
as to increase adhési aPRFPErtieyn FEsultingniorderapbdaihevedse in the
friction force that is generated when the nmagnetic 20. head is brought into
contact with tH® mEGeSUTe dise net irEean tthamed mhgneti enheading vi br at ed
so as to render the read-wite unstable, Alternatively, the nmagnetic head
and t he magnet i"¢*SdPSR Y e Brokeh Gin Whetatrsekt 1S necessary for

[BH 1.0 nm] to be not smaller than 7%. If [BH 1.0 nm]
1s smaller than 7%, the TD pressure is not lowered
even if the surface roughness of the magnetic disk is

10 lowered. As apparent from FIG. 8, the Apressure C is
rapidly increased. In other words, the adhesion
properties are increased. As a result, generated 1is
the phenomenon that the magnetic head does not fly
from the surface of the magnetic disk even at the

15 presSure of 0.7 atm. In this fashion,»if [(BH 1.0 nm]
1s smaller than 7%, the surface of the magnetic.disk
is rendered excessively flat so as to.increase
adhesion properties, resulting in a rapid increase in
the friction force that is generated when the magnetic

20 head is brought into contact with the magnetic disk.
As a result, the magnetic head is vibrated so as to
render the read-write unstable. Alternati&ely, the
magnetic head and the magnetic disk are broken in some
cases.

25 As des;ribed above, it is possible to ensure
the fly height stability of the magnetic head under

an environment of a reduced pressure of 0.7 atm even



25 As described above, it is possible to ensure the fly height stability
:0f the magnetic head under an environment of a reduced pressure of ,0.7 atm
even 2 6 FEB 2007 23 under a very small fly height, i.e., 10.0 dJfEB 2007
the, fly height of the magnetic head, by setting [BH 1.0 nn] at a val ue
‘not smaller than 7% as the surface roughness of the magnetic disk. 5 Then,
in order to look into the situation in. respect of the pick-up phenonenon
of the lubricant perfornmed by the magnetic head, which is worried about
in the case where the surface roughness of the magnetic disk is large, a

| oad- unl oad t esindeas al@Faonduetied as fradilaws, Asein the T T test

descri bed above, prepared were a plurality of magnetic disk sanples each
sized at 2.5 inekes lanthadigiterd g Her amagreacihc atdwet, ivy thertviadqe of [BH 1.0
nm . Each magnetic disk was incorporated in a nmagnetic di sk apparatus 15
that was rotat d@Hatl .& matlatatng spdect ofotl 50 gpmharantk tdwe tperation to

| oad and unl oad the magnetic head onto and out of the magnetic disk
surface was repedeed yosmhriesd ot .thFhenaasstt wasdiconduct ed under the
tenperature of 70C and the relative humdity 2.0 of 80% and the

| oad- unl 8ad cycl e wald §3er figy e 500 00TPk | heso Thensitwethegneni c di sk
apparatus was dismantled so as to |look into the attachnment of the

| ubricant to tK&SHEGHetdlc Head i @EP Phaneni & SHdW gl Hec3®sul t of the

performed by the magnetic head, which is worried
about in the case where the surface roughness of the
magnetic disk is large, a load-unload test was

10 conducted as follows. As in the TD-TO test described
above, prepared were a plurality of magnetic disk
samples éach sized at 2.5 inches and differing from
each other in the value of [BH 1.0 nm]. Each magnetic
disk was incorporated in a magnetic disk apparatus

15 that was rotated at a rotating speed of 10,000 rpm,
and the operation to load and unload the magnetic
head onto and out of the magnetic disk surface was
repeatedly carried out. The test was conducted under
the temperature of 70C and the relative humidity

20 of 80%, and the load-unload cycle was performed
500,000 times. Then, the magnetic disk apparatus was
dismantled so as to look into the attachment of the
lubricant to the magnetic head.

FIG. 9 is a téble showing the result of the

25 load-unload test. As apparent from FIG. 9, the

pick-up phenomenon of the lubricant was observed in

the case where [BH 1.0 nm] was larger than 15%. It is



25 | oad-unl oad test. As apparent fromFIG 9, the pick-up phenonenon of
:the lubricant was observed in the case where [BM 1.0 nnj was Iﬁ@ﬂ?ﬁiﬁhﬁ&
15% It is 2 6 FEB 2007 24 considered reasonable to understand that the
| ubricant pick-up phenonenon tends to be generated with increase in the
*contact frequency between the magnetic head and the nmagnetic disk.
Ceneration of the lubricant pick 5 up bhe%%neﬁon al so indicates that the
thermal asperity and the breakdown of the nmagnetic head caused by the

el ectrostatic breakdown tend to be generated easily. |f the value of [BH
1.0 nni is | ar GO SER&T er5%eatRE 2 et dirfe f i ihgiied | ctide skubsicenter ed
rough, with 10 the result that it is difficult to shorten the spacing

bet ween t he na@ﬁéif&whéﬁﬁnﬁﬁﬁnpﬁetﬁﬁﬁﬁ%tﬁ% RE SIeTG 2 FRE | Bisht hAETFESE S
difficult to achieve a high _ recordin ensity exceeding 70 GB/inch2, and
it is inpossiBFe%Pﬁ éﬁ&ﬁ%&ttﬁ&%%ﬁ%%ﬁ&f%?%w%§5t S FRYPREFEC 1B sRPAnd t he
magneti c di sk arat us.. .Under_.t he ci rcunst ances,_.In e _case, where the

R et1% %¢sk ener e f@%rbg?HFtpfﬁ “val ue

. eration . ol | tl
surface roughness o e ‘magneti'c IETE toht T ol T

of [BH 1:0 n 0 .f Ml r - tween 7% a % a h in
FI G[ 10, 5i t mz&iltpi ?h%y%n:@b e %c}%ge?’%(? tegﬁi%\ﬁgr]eb%gr g?ﬁ%gﬁé%sgféegﬁ Y"1 ower

than 70 GB/inchaandd he ddwdiel aht stabidity:i Ofpdhe omgoehi g, head while
mal nt al ni ng t he superiority 1In t he el ect romagneti c conver si on
characteri sti ceiefct Adwe JEGN@Irick 1Sk Ve | #o the gaserofea ¥gey1low fly
If the value of [BH 1.0 nm] is larger than 15%, the
surface of the magnetic disk is rendered rough, with
10 the reéult that it 1s difficult to shorten the spacing
between the magnetic head and the magnetic disk.
It follows that it is difficult to achieve a high
recording density exceeding 70 GB/inchZ, and it is
impossible to ensure the reliability of the magnetic
15 disk and the magnetic disk apparatus.

Under the circumstances,. in the case where the
surface roughness of the magnetic disk is controlled
to permit the value of [BH 1.0 nm] to fall within
a range of.between 7% and 15% as shown in FIG. 10, it

20 is possible to secure the high recording density not
lower than 70 GB/inch? and the fly height stability
of the magnetic head while maintaining the superiority
in the electromagnetic cqnversion Characteristics of
the magnetic disk even 1n the case of a very low fly
25 height that the fly height of the magnetic head is not
larger than 10.0 nm.

The value of the difference Rp between the center



25 height that the fly height of the nmagnetic head is not |arger than
-10.0.nm The value of the difference Rp between the center 2 6 E%BF%ﬁ&ﬁW 25
| ine of the height of the asperity on the disk surface and the maxi

hei ght of the asperity, i.e., the maxinmm height of the asperity that can
"be obtained fromthe curve denoting the surface roughness of the 5

magneti c di sk, was nmeasured in respect-of2%he-magnetic disk having the
value of [BH 1.0 nm falling within a range of between 7% and 15% The
value of the difference Rp was found to fall within a range. of 2.0 nmto

3.9 nm The conrielatdfonHeetwsgierhtt her Ith adhgsd o properié esi o sheramgneti c
disk and the value of Rp is low. Therefore, the lower Iimt of the '
surface roughnessi dthe hesxnmgmetiei ghitskof sthwtaspfertred ito., Hownever, in
order to secure the reliability of the magnetic disk, it is desirable for
t he val ue of Rmakimum fe irpdtt It gere tdmredi Oy nmhan caspeetolofatied upper
limt in the surface roughness of the magnetic disk. If the value of Rp is
| arger than 4. 3nem thee avagiretdanoSigati iee | sueii ee gediglamels $ hef prlobl ens
such as the thermal asperity and the |ubricant pick-up phenonenon 20 tend
to be geRer at ed3EASIIY Biigpodert e LS ebdriR IREFegP Bt BawRheti c
disk is equally divided in the rgpial direction into three sections so as

to forman i nné*sdi MAIMFEr diiS ale 1@ obBE ah- § rte} kit 5129 o elukt erent i al

section and a range of between 7% and 15%. The value of the

difference Rp was found to fall within a range of
2.0 nm to 3.9 nm. The correlation between the

10 adhesion properties of the magnetic disk and the value
of Rp is low. Therefore, the lower limit of the
surface roughness of the magnetic disk is not referred
to. However, in order to secure the reliability of
the magnetic disk, it 1s desirable for the value of Rp

15 - to be not larger than 4.0 nm in respect of the upper
limit in the surface roughness of the magnetic disk.
If the value of Rp 1s lafger than 4.0 nm, the magnetic
spacing 1is enla;ged, and the problems such as the
thermal asperity and the lubricant pick—up phenomenon

20 tend to be generated easily.

Suppose the data recording region of a magnetic
disk 1s equally divided in the radial direction into
three sections so as to form an inner circumferential
section, an intermediate circumferential section and

25 an outer circumferential section. The intermediate
circumferential section has a radius of about 22 mm in

the case of a 2.5 inch disk and about 16 mm in the



25 an outer circunferential section. The internediate circunferenti al
.section has a radius of about 22 mnmin the case of a 2.5 inch S§§$ gﬂ%
about 16 mmin the 2 6 F E B 2007 - 26 case of a 1.8 inch dig i nner
circunferential region has a radius of about 15 mmor less in the case of
*a 2.5 inch disk and about 11 mmor less in the case of a 1.8 inch disk.
The outer circunferential 5 region has-a s@dius of 29 mmor nore in the
case of a 2.5 inch disk and 21 mmor nore in the case of a 1.8 inch disk.
When it cones to a magnetic disk having relatively high adhesion

properties suchddatyr the valugwfg{BH 1.han i sy nof r Lah 8ef 4 ham 10. 0% on

10 the disk surface in the internmediate circunferential ~ section, it is
desirabl e for trheival ueofa [BHiuD sMapoi: the @ sk stk ace; i gmd he i nner
circunferential section and the outer circunferential section to be equal
to or larger thase hat d 2 theirat etiediaie 5ot rTunderentieds seetiwa. In
the inner circunferential section of the magnetic disk, the magnetic disk
tends to be defwrseed wunders tirech nfilslenceTiod dinee x| @hpowor @setoi dncr ease

t he contact frequency between the nmagnetic head and 20 the magnetic disk
and, thus, the nfsdsur agga naadide ofadsdrpt i @n nere endetled saveref. Since
the adhesion properties are high so as to generate a big friction force,
generated is t e Ppherdi@hsh Phand hel ret 27 ferepeedtie tawered in the

outer circunferential sectjon, _
a 1.8 inch disk. When it comes to a magnetic disk

having relatively high adhesion properties_such that
the value of [BH 1.0 nm] is not larger than 10.0% on

10 the disk surface in the intermediate circumferential
section, it is desirable for the value of [BH 1.0 nm]
on the disk surface in the inner circumferential
section and the outer circumferential section to be
equal to or larger than that in the intermediate

15 . circumferential section.

In the inner cifcumferential section of the
magnetic disk, the magnetic disk tends to be deformed
under the influence of the clamp so as to increase
the contact frequency between the magnetic head and

20 the magnetic disk and, thus, the measure against the
adsorption is rendered severer. Since the adhesion
properties are high so as to generate a big friction
force, generated is the phenomenon that the rotating
speed is lowered in the outer circumferential section,

25 which has a large torque, of the magnetic disk.

If the rotating speed of the magnetic disk is lowered,

the fly height of the magnetic head is lowered so as



25 which has a large torque, of the magnetic disk. If the rotating speed of
-the magnetic disk is lowered, the fly height of the nagnetic hE&drEss 2007

|l owered so as 2 6 F E B 2007 27 to further inpair the fly height
stability. The TD-TO test described previously was conducted by preparing
a plurality of 1.8 inch magnetic disks differing fromeach other in the
shape of the surface. 5 Specifically, prepared were magnetic di sks having
the wvalue of [BH 1.0 nn], which was not |arger than 10.0% on the disk
surface. One of the magnetic disks included the inner circunferenti al
section and theo durmrhesi riowreier ertte af 1 gectigntdisthpiingyfrom each i 0 ot her
in the surface roughness, and another magnetic disk included the inner
circunferential sectiish BRI @ heedut@esciibadf erenmtibaklseatisorohbattear e
substantially equal to each other in the surface roughness. FIG 11 is a
tabl e showi ng the PESERSES reritldiralat iy @Whet et heckumbaoetioughness in the
inner circunferential section is relatively |arge conpared wth that in
the internmedi ate TiFCUH eréit iR s etthoh 1astha sheraaghethe diisRaaecor di ng
to this %rrbodi rgenetc,.zfo of lt heé{)resﬂent invention, the TO pressure in each of
the inner circuterem s’ edti B =l YHeS Jiteretérr eufker BAYIiAD &Betion is

hel d substantially, e I &0 1 .tohaﬁtm]i n the inter mediﬁa e circunferenti gl
section even if '%{*ne% [pressure Ho it Sas®as uRder LEREeF nERaBNER - 0%
on the disk surface. One of the magnetic disks
included the inner circumferential section and the
outer circumferential section differing from each
10 other in the surface rbughness, and another magnetic
disk included the inner circumferential section
and the outer circumferential section that were
substantially equal to each other in the surface
roughness. FIG. 11 is a table showing the
15 experimental data.

Where the suriface roughness in the inner
circumferential section is relatively large compared
with that in the intermediate circumferential section
as in the magnetic disk accofding to this embodiment

20 '}

h

the present invention, the TC pressure in each of
the inner circumferential section and the outer
circumferential section is held substantially equal to
that in the intermediate circumferential section even
1f the TD pressure is increased under the influence

25 caused by, for example, deformation of the magnetic
disk. However, where the surface roughness in the

inner circumferential section is relatively small



25 caused by, for exanple, deformation of the magnetic disk. However,
.where the surface roughness in the inner circunferential secti OnZiSSFE
relatively small 2 6 f E B 2007 28 as in the magnetic disk for B 2007
Conparative Exanple 1, the TO pressure in the inner circunferential
section is rendered higher than the TO pressure in the internediate
circunferential section. As aresult, 5 the margin in the fly height
stability of the magnetic head is decreased. |If the surface roughness in
the outer <circunferential section of the nmagnetic disk is relatively
smal | as in theswgnetic igketfior dildk Conpatatpyea ExaspEeadplthe, rotating
speed of the nmagnetic disk is lowered so as to rapidly increase the TO
pressure. The rdtatihgspeed ¢ simothd¢ owered cincthéemaghéticsdiskohn which
the value of [BH 1.0 nni is not smaller than 7% However, as apparent from
15 Conpar at i ve Exaifil®ered thhiedey plea uklee i ROt heedsvee ini kbanferenti al
section of the magnetic disk is higher than that in the internediate

ci rcunf erent i al eI 2 e PHEIT h#e® el # EuRE €F &P i al ASedt FBAULE . t he
magneti c . di sk._.Such bei ng..thensi£uat,i on, it is desirable for 20 the
surface roughnes¥ iHPLHE ot erei FHinf et &hti 8FebsEEEY oRfoFREhBaARGREET C

di sk to be Iarghee. dA‘Si decfcrri bed (?bove, it is possible to secure a
satisfactory =y Hei gsht SUabi 17 y of the magnetic head over the entire

region of the nagnetif Qﬁéksgyfggginughness in the outer

circumferential section of the magnetic disk is

relatively smail as in the magnetic disk for

10 Comparative Example 2, the rotating speed of the
magnetic disk is lowered so as to rapidly increase
the TO pressure. The rotating speed is not lowered
in the magnetic disk in which the value of [BH 1.0 nm]
is not smaller than 7%. However, as apparent from

15 Comparative Example 1, the TO pressure in the outer
circumferential section of the magnetic disk is higher
than that in the intermediate circumfefential section
and the inner circumferential section of the magnetic
disk. Such being the situation, it is desirable for

20 the surface roughness in the outer circumferential
section of the magnetic disk tc be large.

As described above, it is possible to secure a
satisfactory iy height stability of the magnetic head
over the entire region of the magnetic disk by making

25 the surface roughness in the inner circumferential
section of the magnetic disk larger than or at least

equal to that in the intermediate circumferential



-

25 she surface roughness in the inner circunferential section of the

. magnetic disk larger than or at least equal to that in the inteygetigbm?
circunferential 2 6 F E 9 2007 29 section of the magnetic di sk, or by
maki ng the surface roughness of the outer circunferential section of the
magnetic disk |arger than or at |east eq? to that in the internediate -
circunferential section of the 5 nagneti i sk. The magneti c di sk of the
construction described above was incorporated in the magnetic disk
apparatus shown in FIG 1 so'as to apply a random seek test to the entire
region of the mEGHEPPcOdi SkeuR@snetis éHSéﬁV|Or3br¥?ﬁérﬁa]‘b]fn% W%L@é@ﬁ%ﬁ%ssure
of 0.7 atm Measured was _the chan e in the erformance (i.e., the tinme
required for tﬁ8uﬂéé)8/5\ﬁ/rlo etgﬁ tollllé entiré roerfl G IR eRhet S cCRE sk) of

t he magnetic dISk appar %h 24f h(%urt | ater. e fle/ hei ght, of the magnetic
head 15 40 was ROt largsr thar > £5 0 ‘A" ﬁ@sra?“r rT%rtal?‘i‘”bn in the

perf ormance wag nohof SEAALERM - (30 3% il /Bke, I L 1p°ssesc'$'ye hloeopraina

magneti ¢ di sk “apparatus having a high recordi ng densi
llover than 70 GBIjiRehZ, qanrd a high reliability. 20 The present | nventl onis
not limted to the embodi nent descri bed above. is possible to nodify

the constituting faat@r snfndthe RraIEM: 'W@mér?ﬁtrx\f&%mﬁ' dbe-teshai cal
scope of the present invention in actually working the invention. Al so,
vari ous above was incorporated in the magnetic disk apparatus
shown in FIG. 1 so as to apply a random seek test
to the entire region of the magnetic disk under
10 an environment of a reduced pressure of 0.7 atm.
Measured was the change in the performance (i.e., the
time required for the read/write on the entire fegion
of the magnetic disk) of the magnetic disk apparatus
24 hours later. The fly height of the magnetic head
15 40 was not larger than 10.0 nm. As & result,
deterioration in the performance was not recognized
so as to make it possible to obtain a magnetic disk
apraratus having a high recording density, which was
not lower than 70 GB/inchZ, and a high reliability.
20 The present invention is not limited to the
embodiment described above. It is possible to modify
the constituting factors of the present invention
~within the technical scope of the present invention
in actually working the invention. Also, various
25 inventions can be achieved by an appropriate combina-
tion of the plural constituting factors disclosed in

the. embodiment described above. For example, it is



25 inventions can be achi eved by an appropriate conbina- tion of the plural
.constituting factors disclosed in the enbodi nent described above.2 EdtEB 2007
exanple, it is 2 6 FEB 2007 30 possible to delete sone constituents from
the entire constituents disclosed in the enbodi mrent descri bed above.
“Further, it is possible to conbine appropriately the constituting factors
included in 5 different enbodi nents of- t & present invention. For exanple,
in the nmagnetic disk of the present invention, the materials, the
t hi ckness, etc. of the underlying filns, the internediate film the
| ubricating fibpmssébde &rededtetlel moled dan gdthigseergisyefronl L Hen dritel marbodi nment
descri bed above. It is possible in the present invention to select
appropri at el y chesiataenglss dsel oseded ralfdve easbadiguirtedie Aiwsidied wo
magnetic disks are used in the magnetic di sk apparatus according to the
enbodi nent of 8ReVEres&NE thientiton S1PAfSSIdT i D abgvelnHowever, it is
possible to increase or decrease the nunber of magnetic disks used in the

magneti c di sk éBBéPBF&étﬁr}pfrc%)ﬁ 5@&5},1%%%&%@&‘:% J@qﬁEBj%OlP 31 WHAT
|5 CLANED, 1S e AuRanghice Ak Somy i1, 2 subt ol aminate
underlying film 5 g manetic £ ecql 400 f14M & PEOLECEvE LT ) aand:
invention, the materials, the thickness, etc. of
the underlying films, the intermediate film, the
lubricating film, etc. are not limited to those given
10 in the embodiment described above. It is possible in
the present invention to select appropriately the
materials etc. noted above as required. Also, two
magnetic disks are used in the magnetic disk apparatus
according to the embodiment of the present invention
15 described above. However, 1t is possible to increase

or decrease the number of magnetic disks used in the

magnetic disk apparatus appropriately, as regquired.



a lubricating film and a disk surface applied with a texture processing
for -inparting a magnetic orientation in the circunferential direQQfgesiﬁ
as to inpart a nagnetic anisotropy to the magnetic disk in 10 the 07
circunferential direction, the. disk surface having a value of the contact
ratio [BH 1.0 nm falling within a range of 7%to 150 in a region having a
hei ght not smaller than 1.0 nm based on31 he- hei ght at- which a contact
ratio in 15 a bearing curve of a surface roughness is 50% 2. The magnetic
di sk according to claim1, wherein the disk surface has 4 nmor |ess of a
maxi mum asperity hei ght, which wgagbtigi ned ivemmig:curve of the surface
roughness. 20 3. The nagnetic disk according to claiml1l or 2, wherein the
val ue of the contactl ratd ondPrtlid digk atom@ni $ Nigra céuicsnf £eenti al section
on the disk surface is not smaller than the value of the contact ratio [BH
1.0 nm in an iantlemedita & toivcduweriemned secthomnu@ioatcd hetlk sk surface.
4. The magnetic disk according to claim1 or 2, wherein the value of the
contact ratio [BRinaFeMtiurRe FER12ODMNg 3 wrdeoutwimai Fcunf erenti al
section on the disk surface is not smaller than the value of the contact
ratio [BA 1.0 mnfnadiedn G mesiarsdingt & e cunfRiemtal va et ioendn the di sk

surface. 5 5. A magnetic di sk apparatus conprising: _ ,
a lubricating film, and a disk surface applied with

a texture processing for imparting a magnetic

orientation in the circumferential direction so as to

impart a magnetic anisotropy to the magnetic disk in
10 the circumferential direction,

.the disk surface having a value of the éontact
ratio [BH 1.0 nm] falling within a range of 7% tc 15%
in a region having a height not smaller than 1.0 nm,
based on the height at which a contact ratio in

15 a bearing curve of a surface roughness is 50%.

2. The magnetic disk according to claim 1,
wherein the disk surface has 4 nm or less of a maximum
asperity height, which is obtained form a curve of the
surface roughness.

20 3. The magnetic disk according to claim 1 or 2,
wherein the value of the contact ratio [BH 1.0 nm]} at
an inner circumferential section on the disk surface
is not smaller than the value of the contact ratio
[BH 1.0 nm] in an intermediate circumferential section

25 on the disk surface.

4. The magnetic disk according to claim 1 or 2,

wherein the value of the contact ratio [BH 1.0 nm] in



a magnetic disk; a driving section which supports and rotates the nagnetic
.disk; a magnetic head which reads and wites informa- 10 tion f rifnF&Bd200h

t he magnetic disk, the magnetic head having a fly height not |arger than
10.0 nmfromthe magnetic disk; and a head suspensi on assenbly supporting
‘the nmagnetic head; 15 characterized in that the magnetic disk is a

magneti c

di sk according to claiml1 or claim?2. 6. A magnetic disk

apparatus conprising: a magnetic disk; a driving section which supports

and rotates

20 the magnetic disk; a magnetic head which reads and wites

information fromand in the neti.c. disk, th tig, d havi fl
Ihei ght nI()t smalalnelrm‘{ e:arn Cﬁ?lﬁnr?%ﬁ?#ft%rﬁd# ?Fei[w eét?n%%%glsgﬁgs%&\ééﬁngagh ty
suspensi on ass r et|c : erized in a

t hepmagneti C dieis r%/oségéqr&éfglglnée]{]?ccﬁg}g ﬁ%&%#% &%?gs{g%c%%tﬁ‘? ng to

claim3. 7. A

nagpet i rﬁl{ns&@wrm&&meéi&%cu@fm%fs%éﬁoﬁ

driving section which supports and rotates 5 the nagnetic

10

15

20

25

on the disk surface.

5. A magnetic disk apparatus comprising:

a magnetic disk;

a driving section which supports and rotates the
magnetic disk;

a magnetic head which reads and writes informa-
tion from and in the magnetic disk, the magnetic héad
having a fly height not larger than 10.0 nm from the
magnetic disk; and

a head suspension assembly éupporting the
magnetic head;
characterized in that the magnetic disk is a magnetic
disk according to claim 1 or claim 2.

6. A magnetic disk apparatus comprising:

a magnetic disk;

a driving section which supports and rotates
the magnetic disk;

a magnetic head which reads and writes
information from and in the magnetic disk, the
magnetic head having a fly height not smaller than
10.0 nm from the magnetic disk; and

a head suspension assembly supporting the
magnetic head; .

characterized in that the magnetic disk is a magnetic



a magneti c head which reads and wites information fromand in the

- magnetic disk, the magnetic head having a fly height not |arger tghgpg .0
nm fromthe magnetic disk; and 10 a head suspensi on assenbly supporting the
magneti ¢ head; characterized in that the magnetic disk is a magnetic disk
‘according to claim4.

- 33 -

disk according to claim 3.

7. A magnetic disk apparatus comprising:

a magnetic disk;

a driving section which supports and rotates

5 the magnetic disk;

a magnetic head which reads and writes
information from and in the magnetic disk, the
magnetic head having a fly height not larger than
10.0 nm from the magnetic disk; and

10 a head suspension assembly supporting the
magnetic head;
characterized in that the magnetic disk is a magnetic

disk according to claim 4.



