;eSéR6<Tv Vi  TITLE OF THE | NVENTI ON MAGNETI C DI SK AND MAGNETI C DI S
APPARATUS EQUI PPED W TH MAGNETI C DI SK BACKGROUND OF THE | WE@W“WHWN“
present invention relates to a nmagnetic di sk capabl e of ach

density magnetic recording and to a nagnetic di sk apparatus havi ngoitte

magneti c di sk nmounted thereto, particularly, to a magnetic disk f
reading-witing with the fly height of the 10- magneti c head MM ﬂﬂmﬁmmﬂmgl
not higher than 10.0 nmand to a nagnetic di sk apparatus equi e
particul ar magnetic disk: In general, a nmagnetic di sk apparatus c¢e§#i ses a

magnetic disk arranged within argasg o spEndhesntaloyy 15 for supporting
and rotating the magnetic di sk, and a head suspensi on assenbly (hereinafter

referred to as ppAkrirdel BdsRIARDNRAREETECheadkl ar pPreadiusg EQUITPPED _
information in and fromthe magnetic di sk. The HSA includes a slider having

a magnetic 20 hgaduf mpowdTtthepegr, a suspensi on supporting the slider, and
an arm supporting the suspension. The HSA is rotatably supported by a
beari ng assenbly. The nagnet i BAOKGRIOGHD OB TidkefNVBNEAOBpti onal position on
the magnetic disk by allowng the HSA to be rotated 25 by a voice coil
nmotor. InSorder to sOpyer esssng dharegd liom tried adlasdéro FeWRArsTt theh She
magnetic disk is unintentionally - 2 brought into contact with the
magnetic di sk i sabheleagieticd igvirgappaigtusiensd tvs negteddsr ya@hidhidci%ase

t he roughness of the magnetic disk surface to sone ext egrttk\ so as tao reduce

the adhesion foPgd &P eh&agn&igedird AFPFE 30t R High ecnlﬁg:ﬂfitjjcn t he
'S not sl ot CRaK TOUBLR CRRSRSFor & eIaIA e ade B TR NG HoX
magnetic di sk capable of reading-writing with the fly height of the
10 magnetic head set at 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 magnetic 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 suppérting
the slider, and an arm supporting the suspension.
The HSA is rotatably supported by a bearing assembly.
The magnetic head can be moved to an optional position
on the magnetic disk by allowing the HSA to be rotated
25 by a voice coil motor.

In order to suppress the change in the slider

behavior when the magnetic disk is unintentionally




“in which the hei ght of the asperity on the surface of 10 the disk (i.e.,
the asperity height) is not snmaller than 4.0 nm it is possible to ensure
the fly height margin of the magnetic head, i.e., the mninmm distance
bet ween the magnetic head and the magnetic disk, so as to nake it possible
to maintain the fly 15 height stability of the magnetic head. However, the
recording density of the nagnetic di sk -has been increased to reach 70
@GB/inch2 in recent years so as to make it necessary to set .the fly height
of the magnetic head to a | evel not higher than 20 10.0 nm Under the
particular situstb@ntthech! ¥ohehght wiBhgtAeOhatiietBYACEKC iRedtei S.
elimnated if the asperity height of the magnetic disk surface is not
smal l er than 4. Q- getAs @isRSHbbarbbast heensk aspeektyyi $ogenerated, or the
reliability is 25 |owered. Incidentally, thermal asperity noted above
denot es the phetpsencnghhatst 8¢ onepubgotttihedWRk( paghieter ési sbawce sensor)
in the nmagnetic head is - 3 changed by the heat that is generated when
t he magneti ¢ heaxlteot| sdessatai nstiuthethspedheg.ionnforder otfo theprove the SN
ratio included in the electromagnetic characteristics, it is attenpted in 5
recent years toshppey aelekiuveetpr bbesypagetdct Hadskubstlhatt@eof the magnetic
disk so as to inpart a magnetic aanottoay to the magnetic diSk"ggf be nore
specific, the ea@yvarFsonplnBgaeetsst PR XoRPRAES EES) oy Neaydr &6ASHY uti ng
the magnetic recording layer is 10 orient%d in éhe %%%cu Oerential
direction by th%ftEQ?uW@g%?S&GSEFﬁS,lﬁdPﬁ t FELd&E efat % e Wesi dual
- magnetization apnd the squareness ratio in the circunfe ial. diy. ion are

rendered hi gh r@ﬁﬁf?§8rgo FNSQean%%ﬁechgigﬁ Eﬁﬁggtﬁoﬁ%g$m%Jé:ﬁggﬁ%tic

di sk. 15 Since the put. .i.s.i npr d antial Ly j©on to
t he residual na%ﬁewﬁgggigﬁ% g%égiﬁigﬁngég Sgﬁgﬁg%ﬁééﬁ%§¥§JF%?g%QS%%J e

decr easegys0 asiho LARKOYE . Lhe RRANGLIZLION Higti)t 1o ititdidhating

capability of suppressing the noise and the overwite 20 characteristics.
I't should be notgdnthap hhe textiur @ordibu (ANis@irepithaTediymeitmd ng the

texture processing applied thereto exhibits an inprovenent in the
resol ution, thephubhnWodt Rhat mAghktirxin@am, ane .thehSNotiatinmmand, thus, is
allowed to have a big nmerit 25 as a recordi ng nmedi um having a high
recordi ng densi tystSuck beitmgenhéhe taatmiedn,c theadoreact itded nesmeaifia he
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 increased to reach 70 GB/inch? in recent
years so as to make it necessary to set the fly height
of the magnetic head to a level not higher than

20 10.0 nm. Under the particular situation, the fly-
height margin of the magnetic head is eliminated
if the asperity height of the magnetic disk surface
ié 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



"texture nmediumconstitutes an effective nmeans for - 4 achieving a high
density recordi ng. However, the asperities on the disk surface are al so
renoved by the texture processing, with the result that the surface
roughness of the magnetic disk 5 tends to be rendered very low It follows
that the absorption properties of the magnetic head relative to the
magneti c disk are increased. Such being the situation, in order to obtain a
texture nedium having a high reliability, it is necessary to control 10
severely the surface roughness of the disk so as to optim ze the surface

roughness. An %&ﬁ%@d@&l%@@%ﬁ@ tMhichsi gedetihped Redapapese Industrial
Standards (JIS B 0601) is widely used as an i ndex of the surface roughness.

In the 15 aver ageqroupbnessd Raonot eds abhgyensthendeptpeot thei ght of the
asperity or valley on the surface of the magnetic disk fromthe center |ine
of the surface hei ghtni srdstegoatrgrand auer agjedathowewerd udiekie ifr itdtei on
force that is generated when the magnetic 20 head is brought into contact
with the nmagnetétedisémagnauch cebatetetdsthescontads at&amptedpiied by the
asperity of the magnetic disk and is less related to the valley. Such being
the situakion, theemveyagesrboaghpesy RatEStuﬁ§UP¢p§Eéﬁ@nﬂoﬁou§éeas an index
of 25 the surface roughness denoting the relevancy to the fly height
stability of theubdghetpcohehle MREPEEARCEIRE BEt wEekOt RBPEERt & [ine of

t he - 5 height of the convex portion on the surf%ce of %he recordi ng and
the maxi mum hei BAENBELENBREBATERPYOFPi bRCoN2ERETGr FAEK of TPNENBGREL i ¢

di sk is al so known ai.ano%ger index..kbm&ver, t he difference gp %ﬂﬁ%ﬂ above
5 does not denotBethéiGueri§ecAgl gRt 8t Ot hB2gE5EMAET IOt OfoPl 6\s %haY, even
if the index Rp.is large,. it | ossib .th rf ing.a | ow

aver age roughne %YSECHgQEtéEPEEPﬁrEﬁﬁehgﬁégﬁégfgfﬁg gaﬁgmggﬁkﬁél riction

force imghe stagecnlchneycentact [Beheeanldiha,ReREUNC headand the

asperity on the surface of the magnetic unl ess the high asperity are

included in a |@59%u§ée§r98etsg@n§gr {ace ehet hesieeordiatg tidiremidualf ol | ows
that the rel evancy of the index to the fly height stability is low 15

In recent yearspathetdizbhtenanead-tBe 8qRiren@ksbetwaen ithehkei ght BH[ 0. 01]
at which the contact ratio in the bearing curve is 0.01o and the hei ght

BH[ 500] at whi chitbem€entact alatii@eich ibhe aearienglecay ériigh 5@%atiive , 0

BH[ 0.01, 50] - ~BH 0.01%9 20 BH 50% ~, is. used as an index of the
surface roughness, tassdi sol thed riadiaflodieearplos, ofapdreeyedPattem dhisel osure
(Kokai) No. 2001-160214. Proposed in this prior art is a magnetic disk

havi ng the diffé&ieneetheBrHpad0outOlL d6t imprioaled wustard 25 of

between 0.3 nmand 6.0 nm, , , _
in proportion to the residual magnetization, the

thickness of the magnetic layer can be decreased so as
to improve the magnetization transition width, the
capability of suppressing the noise and the overwrite
20 characteristics. It should be noted that the texture
medium (anisotropic medium) having the texture
processing applied thereto exhibits an improvement in
the resolution, the full width at half-maximum, and
the SN ratio 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 constitutes an effective means foxr



' Proposed in Japanese Patent Disclosure No. 2001-143246 is a substrate for
an i nformation - 6 recording nediumin which the height of the surface
roughness at 0.40 of the contact ratio falls within a range of between 2.0
nmand 7.0 nmunder the condition that the case where the contact ratio of
the surface 5 roughness is 50%is used as the standard hei ght. However,
where these technol ogies are applied to the texture nmedium the index of
t he roughness noted above is insufficient so as to make it difficult to
achi eve both a high recording density and a high 10 reliability. To be nore
specific, in the.RgRehl Ca di sknnated: 8bo¥ecothengoughness i's defined with
the height at 500 of the area ratio of the bearing curve used as a
standard. However, thgyweoHghness hspdeficned whthhi5datkesuirdagsepaird to the
hei ght of a small nunber of asperities having the contact area ratio of
O Ao or 0.4% passdicehavky; byothbBetbkghraspeoctsesnbavivighathei ght not
smaller than 5.0 nm In the texture nedium however, the maxi num hei ght of
the asperity isr28ubotthatgehet hantf3c® moughhebs ofnshdemednegasodablike to
understand that the asperities on the surface of the nagnetic head are
pushed into thetbedd sbider rbpdeeedr dbrivnhonet efs WhREACHHEeCREAd SR der is
brought into contact with the surface of the magnetic disk. 25 Therefore,
the factor substhaerafigndetePArhi-Rg PhetBEhBEPBRtHFopErti E81BELWERTCt he
slider and the surface of the magnetic¢ disk is thg c%n act aE a at the tine
7 _ when the BBpePprENe§igr 815kshEq FRCECERETs! i gEFD eénﬁeigﬁt of up to

about 1.0 nm It follows that it is._insignificant to_argue.the
asperities haviﬁbtﬁaﬁéPBhtlHoPrgﬁﬁlF@rokﬁgﬁn5§0tﬁﬁ1gﬁﬁ, eﬁﬁ?& P%gqiﬁdex 5

of ‘he roughness potgc aho¥ghs lAsytliel ekl nesRectcoli e texture

medi um The mag i I"SCclo apanese ent scl osure No.

2001- 160244 not ¢, 30AYG GOUCLS R CI3BMRREE LIe APy hasA diel ght of

4.0 to 6. m in order to realize, a desired fly height of the

magnetic disk, waichiibs Bk akgelet hatghdshm and a desired recording
density, which is not lower than 70 GB/inch2, it is difficult for the

asperity height notedrabavadqe achigie 0tRy a wHigh riecaali inged S rdensi ty and
a high reliability. In the nagnetic disk disclosed in Japanese Patent

Di scl osure No. 280ink43246.duetted adborendadrelssurdflace rafifghneiss wikkly s
inportant in realizing the recording with a very low fly height of the
magneti ¢ head i siseot a20 asulisident icdl [hhedefinfed:e BRIVEMISUMMARY TOFETEHE

| NVENTI ON The present invention has been achieved in view of the .

ci rcunst ahces deveridged ravaeesanda o tes) édove tidprdratde oF MR ¢ di sk
capabl e of achieving 25 both a high recording density and a high
reliability andotfot ﬁ%ﬁﬁ@%ﬂ%ﬁﬂ%%ﬁﬁ HefuiPped Wi th t he

magnetic di sk. 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 felated 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 is 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



. g‘_ In order to achieve the object, a magnetic di sk according to an
aspect of the present invention conprises a substrate, a lamnate structure
formed on the substrate, the lam nate structure including 5 an underlying
film a magnetic recording film a protective filmand a lubricating film
and a disk surface applied with a texture processing for inparting a
magnetic orientation in the circunferentiag direction so as to inpart a
magneti c ani sotropy 10 to the magnetic disk in the circunferenti al
direction. The disk surface has a value of the contact ratio [BH 1.0 nnj
falling wthin g {ange pftH80 tondde bporaibegbANthavsngracbebghthsot snmal | er
than 1.0 nm based on the height at which a contact ratio in 15 a bearing
curve of a surfaseor@Ughness tlse 504k ikumagactht diskhappanatuspactordi ng to
anot her aspect of the present invention conprises: the magnetic disk; a
driving sectioromhilcd suppacesofintheonhapestihedialynesi eldpsknoanmagneti c
head which reads 20 and wites information fromand in the magnetic di sk,
t he magnetic heamotiagt ngndekly Hewghier notheadyéiernarelBPrONAREAr 8RPVRe
magneti c di sk; and a head suspension assenbly supporting the nmagnetic head.
Accordi ngdto t heoemgneti éedptR abgcavséagabb@éghg ahdthRe 2FRERSLYC di sk
apparatus of the present invention equipped with the magnetic dh%k, t he
contact ratio [BH Ioblanf rR2tisefVER ah Eﬁﬁe%negﬁoﬁpnéstﬁérgel &' surface
roughness of the ma net%i disk. The co?tact ratio EBH %.Ovng% %enotes t he
val ue of the cohfakfSTaPis APTaCh&i GHECAGE SA¥IPEr 2t RN £Y65RFC with the
hei ght, at which the contact.ratiQ in bear.i. Cur, fot rface
ﬁveaﬁ gPSh.as a texEH%e %%dég%(iﬁwka¥§ ES l%%e%u

roughness measuf 4% m c~f Oor CE M crosco % used as a

standard. The coplagt;LaiLR kBECL QH“ELehé%ag_ehb&ht@@! SUARGY-tf Rl dd ¥
y y y I't

hei ght stability rn"a very | ow ei ght region. is possible to secure

a fly 10; fei ght tgtafikbhky 1 whhkgamahat ahRi Agpkhae tyuRer itdld tyirifadehe
el ectromagneti ¢ conversion characteristics of the magnetic disk even in the

case of a very hewcfhbymhghght ct Bakkt ha1kky heieght gof aishe drmgnetrec head is
not |larger than 10.0 nm by controlling the surface 15 roughness of the

magneti c di sk sugbltbatl theacoataget arati on BHel shinfacef @fl $ha thin a range
of between 7% and 15% According to the present invention, a new index is
used for defini ngcbhdisgr fnadeunoughinessldbws 20armadgmet ire ldiveacyarat t he
surface roughness is optim zed on the basis of the new index. As a result,
the present invehei ondproRibdés &headnat ihe idihdk shalnidg tay Hisghavel i ability
even in the case where the recording density is not |ower than 70 GB/inch2
and 25 the fly hei ghtltofresd thvrets c thead it srangar 98 [Ohdt 129 nm and

manet | o di sk DELWEEN BREEHBERCREPHICNIGH P "SAERAL B 4 THE

DRAW NG ratio in the bearing curve is 0.01% and the‘height
BH[50%] at which the_contact rafib in the bearing
‘curve is 50%, i.e., ABH[0.01, 50] = |BH[0.01%) -

20 BH[50%] | , is.used as an index of 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
difference ABH[0.01, 50) set to fall within a range

25 of betWeen 0.3 nm and 6.0 nm.

Proposed in Japanese Patent Disclosure

No. 2001-143246 is a substrate for an information



* 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 with the general description given above and the detail ed
description of the enbodi nents given below, serve to explain the principles
of the invention. FIG 1 is a plan view schematically showi ng the 10
construction of an HDD according to an _enbpdinnent of the present invention;
FIG 2 is a side view showing in a nagnified fashion the nagnetic disk
portion included in the HDD shown in FIG 1; 15 FIG 3 is a cross sectional

Viem’SChenatiCa{%gofg?ﬁgnﬁe&b@mCQHS%EEEEiQﬂeg$%}Qﬁth@gnEBECSGE$Ecéccording

to one enbodi nent 0 present 1 nvention; is a drawi ng for

expl ai ning the [ndexndegoiing. the.suchaceonesghnessief thhesnagratcadi sk;
20 FIG 5 is a croSs sectional view schematically show ng the construction

of a TD-TO test gpparadtusetnechhe. vagnresha disknmFlutdet theacgnadphishow ng
the rel ationship between the pressure and the AE output in the TD-TO 25
test; FIG 7 isthRafrapb shewi whekbethel abhoashi pabébweénthke ssufbaee
roughness of the magnetic disk - 11 and the pressure, i.e., the TD
pressure and t heollGhpesssuseS0El Gs 8sed asgkthphsshoding tiedgnél-ati onship
bet ween the surface roughness of the magnetic disk and 5 the ~ pressure,;
FTG 9 is a tabl e shwiweyetrhe Wheaseibeser tassandedes Red @A A 551 ck- up

phenomenon in relation to the surface rqu%hness of the netic di sk;
the texture medium, the index of the roughnhess 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
standard. 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 proberties between the slider and the surface

of the magnetic disk is the contact area at the time




"FIG 10 is a graph showing the relationship 10 between the hei ght of the
asperity on the surface of the magnetic di sk and the contact area ratio;
and FIG 11 is a table showing the TD pressure, the TO pressure, the ~
pressure, and the presence or absence of the reduction in the rotating
speed in 15 relation to the surface roughness in the inner circumferential
portion, the internmediate circunferentiial -section and the outer
circunferential portion of the magnetic di sk. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON 20 A nagnetic di sk according to an enbodi nent of the present

i nvention and aghay degd sksdeiyve; £5DD) cegysppgdi wkbhihBesmegaetiig di sk will
now be described wth reference to the acconpanyi ng drawi ngs. As shown in

FIG 1, the HDDycrapshsestaugStbesbangulan bax-shapedicase tRaepened at the
upper end, and a top cover (not shown) screwed to the case 12 by a

plurality of sctewsnsdDgasficantose hheuwppee highlaspepénieg adhvtihg case
12. Housed in the case 12 are, for exanple, two nagnetic disks 16 (one
magneti c di sk 16 atbget bebhgsshdhari hhEhGS. 0) neaehdusetivas aheedodgizng
medium 5 a spindle notor 18 acting as a driving section for supporting and
driving the magnéttoediskghaepbunaketyabbvaagretncuidaddendr iwiting and
reading information in and fromthe magnetic disk, a carriage assenbly 22
supporting the nregReckcofebtls §6xa8reompeinBvabl e 10 relative to the '
magnetic disk 16, a voice coil notor for rotatingﬁand posi tioning the

carriage assenbly 22?h5 Féﬁﬁekéédd&§5g§ﬁi§ﬁP§§df&P N&P NG5S e TRdgnet i ¢
reads |1 2 1 BRLCPIELLLON UM OTDS IRONEL Gliokn ten e mmanet
and 2 SubstratecyOLt BLLNELMILD 105 XA e pptond i AU
substratﬁo(not ﬁggﬁﬂértoﬁn 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/inch?, 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 above, 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.



20 controlling the operations of the spindle notor 18, the VCM 24 and the
magnetic head is screwed to the outer surface of the bottomwall of the
case 12 with the substrate unit 21 interposed therebetween. A nagnetic
recording layer is formed on each 25 of the upper surface and the | ower
surface of each of the nmagnetic disks 16. The two magnetic disks 16 are
engaged with the outer periphery of a hub gnot shown) - 13 of the
spindle notor 18 and fixed onto the hub by a clanp spring 17. As-a result,
the two magnetic disks 16 are coaxially stacked one upon the other with a

prescribed cl earancerfhgrghet ween nlhgeerhwoopageeli & hadnskscléiane
integrally rotated at a prescribed rotating spéed, e.g., 4200 rpm in the

di rection denot gd-Hyqy gRgar s oxh Babyedti ¥Engnthprapindl enreheiod8. The
carriage assenbly 22 includes a bearing unit 26 fixed to the bottomwall of
the case 12 andcdfpaipbyral stysofasepsal32arxhend sgriicomrehéobead ng unit
26. These arns 32 are positioned a prescribed distance apart from each

ot her and paral bel the ttessuefacetbt fheinagresicudiskeldngdgdéxgend in the
same direction fromthe bearing unit 26. The carriage 15 assenbly 22

i ncl udes &l ongatedupdatéyshapédlvuspensgpasiggrerarddas ba l8vastical ly

def ormed. The suspensions 38 are formed of a |eaf spring. The proximal end
of each suspensboatggtiyvef fxé@ £8dt RelbPplepting éé#ﬁesﬁ&ﬁd@n&1§&h132 by
means of the spot 20 wel ding or adhesion and the suspensi%p 38 extends
outward from t hEUAFATS822PPhErHeHL AP ¢, LRETIE S pRSOCHISE 1 'Gr T1€4ch suspensi on

38 to be fornmed integral with the . correspondi,ng arm_32. The arm 32 and the
suspensi on 38 cbWP@E?FV@I? Wé?ﬁ?glﬁegal§8gﬁgﬁ§'oﬁP 5%& ne ugg”&25

SUspensi on assoRBry S LAS SRGIIC ORI G° 5° SRR Rudnaroe s A

suspensi on assefBl
i ncl udes substant.i al .angular :sl ider d-gyde ihead
portion hg forn%g %hgthégéggg%s%#F%bé%bF%%hgﬁgégﬁié%%¥gﬁ%é nagneﬁic head

40 of the partigylap;cRNELLYRIEORASS of sadiel @ @ thidanthEpridig Al nount ed
to the tip portion of the suspension 38. A head load L directed toward the

surface of the magnet ioc nehjSkall ing apphied af o eaeh of Thecoragditetirc heads 40
by the elasticity of the suspensions 38. During operation of the HDD, the
fly height of thertqisnghetiiegheathed@htenatt wenatld dhechreegrietd oxmdi sk 16 i s
set at 10.0 nmor less. As shown in FIG 1, the carriage assenbly 22

i ncl udes a suppbumisiedg ofr aime 4% iegtteradi ndrifatora tdrntsesty irTatimiin 26 in a
direction opposite to the 15 extending direction of the arns 32. A voice
coil 47 &bnstit at begrangacurofe ife avEMZedss muppsreed By 1% supporting
frame 45. The supporting frame 45 is fornmed integral on the outer
circunferential surfdedasmatie vbite FRITHM DR P T RI st FReFR®Fesin. 20
The voice coil 47 is positioned be%&gen a pair okes 49 fixed to the

case 12 and constSPSGed % HdVEVISHE t%ﬁq;gq 565 Sokes 49 and a
monet (ot shoudedded dgone, ol Ueee yekesfnllie Sappizee asgertly 22
rotates the magnetic disk; a magnetic head which reads
20 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 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 an electric current is supplied into the voice coil 47, with the result
that the magnetic head 40 is noved to and positioned on a desired track on
t he magnetic - 15 disk 16. The ranp road nechani sm 25 includes a ranp 51
formed 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. Wien the carriage assemblyp 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 upward by the

10 inclination gfirtheerapRgasEEacersenasnbgnper tormskhe wnakoadnepetation of
the magneti c head. The nagnetic disk 16 included in the HDD will now be

described in detatlo Asushoonnip &kfotds the taguet b€ dhskcdfitanel udes 15
as a substrate 50 a crystallized gl ass substrate having a thickness of 0.5
mm and a dianetest0d 4t8ai hehest Acpokihahilng theat dreAt ning apphi édeto t he
surface of the substrate 50 by using an abrasive slurry containing cerium
oxi de. A texturkepgbtesstnghi2b whechounsest" rt800CPinnanef heruiad by EDC in
U S. as the processing apparatus, is applied to the surface of the
substrate550 i nctheecpfcthtessnfpar dPHebrRe6n Bpagsireg &YdPRMBREMSCurry. As
a result, the magnetic disk 16 constitutes a so-called "texture mediunt. 25
A mul ti-| ayer edfPFEm RécreFREASONPENEh 1§uPrPEce USECt RE SuBSEFREEESS0 by a

sputtering process. Specifically, a. firs nderlying film,52 made of CrTi

- 16 and a second uﬂgérF?Pﬁ@cﬁaﬁéFlﬁad@&bﬁ'g @Wﬁségﬁéf'gﬂl and having a
t hi ckness of 10.0.nm are forned ccessively.on.each surfa t he
substrate 50. ACFARVABEY §Prg§Fu?§yc§ﬁ§ﬁé$i%&agﬁﬁé%gtggiPi%%ﬁgfgpﬁh15 56
made of a CoCr al | n L.n t hic f n i nt di ate
film58 nmade OF%E¥ %ﬁggﬁgvgﬁ %éhfﬁi?§ng§s§%%%?q%§;%§ %Egﬁgﬁi% ?g ordi ng

brecy: 2%, Py R0 SEBp ey snd i a bllkiass bty ot 2
formed on the segORHe 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.lo.O nm by controlling the surface
15 roughness of the magnetic disk such that ﬁhe contact
ratio [BH 1.0 nm] falls within a range of between 7%
and 15%.
According to the present invention, a new index
is used for defining the surface roughness of a
20 magnetic disk, and the surface roughness is optimized
on the basis of the new index. As a result? the
present invention provides a magnetic 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 magnetic head is not larger than
10.0 nm and also provide a magnetic disk apparatus

equipped with the particular magnetic disk.



‘underlying filmb54. The protective film62 is coated with a |ubricant
containing, for exanple, perfluoro polyether as the nmain conponent so as to
forma lubricating filme64 in a thickness of 1.7 nmon the 15 protective
film62. The surface roughness of the magnetic disk 16 of the construction
descri bed above is determned to fall within a prescribed range that is
defined by using a new i ndex. To be nore specific, the roughness of 20 each
surface of the magnetic disk 16 is determ ned such that the value of the
contact ratio [BH 1.0 mm] in the region having a height not smaller than

1.0 nmfalls w i @ psarge raft dretorean; %mant Aib o hage b o eiel ot at

whi ch the contact ratio is 500 in the 25 bearing curve of the surface
roughness measured byné h@c@@@paﬁyi@gcgrghgﬁ?§pomaieAFMfe AscohpwraitadFl G
4, each surface of the magnetic disk 16 is forned such - 17 that, in a
Ccross section patadnelcdwst heusard aserof of hehsvagpeticidaskodp, the hei ght
position of the cross section at which the cross sectional area of the
asperity and valllkystomtdeoksénsly f emleodinept eso50%86 dhveheientire cross
section of the magnetic disk is used as a center line, and the area of the
cross secdtion iard Heopaisher oniWhetlke t lendeayhdescohpthen eéwMear line is not
smaller than 1.0 nmfalls within a range of between 7% and 150 of the area
of the 10 neaseelVe ange thaodetpid sd1deserpptiorhefhehghemepdasgetsty on
the surface of the magnetic disk is low, _i,e., about 3.0 nm and the
asperity is pushetei t®iehe PREHRtEe 8FRkabY §BGePRINRARLAE BFs then t he
magnetic disk is brought into 15 contact with the magneti c head. Such being
the situation, %W%@?%ﬁ@&'noted above has been created on the basis that the
adhesi on properties ween. th Lder. . netihg h

magnetic disk are deggéhigeﬁgngiﬁhﬁgbgl?kegggﬁggg %%%gg %@?W@@%’?%% 20

sl i der t he h nethC. di nythe,a Ht Y ob shed
into thgﬂﬂagnet?ﬁﬁ%?gﬁcg£ogb§EF§%.%bgnfg%ﬁgdgﬂgpggoﬁnt%ggggﬁ%ggg g? t he
magnetic di sk 1g,&£ap-be-00t 8hhedt bynappl ying a texture processing (for 25
formng a groove in a circunferential direction) to the surface of the
substrate 50 in addi ri@n 2oisfarseyanpliew anbrehgnieal preEETSidRY or a
chem cal surface .- 18 processing so as to inpart a nagnetic ani sotropy
to the magneti cfaslskodb6thdheagnbsicatiéskOpoanibe faorimdedfl inf aheeXampl e,

al um nosilicate, an anorphous glass such as soda linme, a crystallized gl ass
such as 5 lithismownlicafeG.ok;an al um num all oy, though the material of
the substrate 50 is not particularly limted as far as it is possible to
formthelparticul ar EUEf adeishapernssedeaideaall vishowicd e tistadd,y however,
that, since the crystallized glass 10 has a relatively |arge curvature
radius at the t$pobintetBeperReyruthéCRspér ¢ PERBSTES P n unr enoved
after the texture grﬁcess'ng and,mghgs, t he %o%ghness can he cont, ol |l ed
easily. Such beFRG°tHe"di tGaPignsmpodinent o € present invention;

"FIG. 4 is a drawing for explaining the. index
denoting the surface roughness of the magnetic disk;
20 FIG. 5 is a cross sectional view schematically
showing the construction of a TD-TO test apparatus for
the magnetic disk;
FIG. 6 is a graph showing the relationship
between the pressure and the AE output in the TD-TO
25 test;
FIG. 7 is a graph showing the relationship

between the surface roughness of the magnetic disk



“it i's desirable for the substrate 50 to be formed of 15 a crystallized
glass. In the case of using a crystallized glass, the roughness on the
surface of the substrate is changed dependi ng on the crystallizing
tenperature, the polishing conditions such as the kind of the slurry used,
the kind of the 20 polishing cloth, the processing pressure and the
processing tine, and the texture conditions such as the kind of the slurry
used, the kind of the processing tape used, the processing |oad and the
processing time. After formation of the filmon the 25 surface of the
substrate 50, theqsukfasecsoughnesseof the tBgPeLtsudtsknbstrbanged
depending on the material and the thickness of the underlying | ayer, and

t he - 19 tapsr¥ag@ish conditions. The present inventors have conducted a
conparative test by manufacturing various sanples of magnetic disks
differing fromeach pthersgi st hegbaphr EhcringughsesslgkBbnth@pnni bei ng
about 40 to 200). These sanples were rendered different fromeach other in
t he surface rougbnessnbyhehangfaget heupbhéeshi off tbadnegoasiof dikég and
crystallized substrate and the process conditions of the texture such as
the kind 90 of the dlnmessuised, the processing |oad, and the processing
time. In conducting the conparative test, an atomc force m croscope was
used for neasuring tF&Gsh8pésof tRBlsupharanef thRePHE§RECEC Odi SIOSSWE
measuring range was set at 10 ~ m X 10 ~ m and the, k15 ninger of s%ggning
lines was set aPf25Be BePbie3perPoFKTHY PRENGFFERRetPcrEaPLUPEL F6n t he
bearing curve, the_neasured data r sub'ect%d tqg.a,filter processing
plain fit (ordeFUEfiFexFOWGBPﬁéét$§n§?ea égPS écfﬁﬁﬁkén (order = 0). 2.0 In

order to evaluate thﬁIth?%i n rﬁggéhg%ﬁogﬁn PZPQEQQ%EEQdWS%hEba TD-TO

test was applied to each saone. the test par at us
used for.ghe T t I c (AN exXRaust PYIR 72 S
connectehéto tﬁégghgﬁgeFﬁggﬂé%agg ?S Egggggggggtgbggigﬁg %8 Ig%gr t he

pressure withinchhenghapber §9sk0aaBowheOc3ndbbt Arshagatid;i snarranged
Wi thin the chanber 70, and a spindle notor 75 and - 20 a supporting post

76 are arranged on tlrgcst ageidda Aamagnehion idigsk 80 Tusedaassuaesanple is
supported by the spindle notor 75 so as to be rotated at the rotating speed
of, for exanpl ethd4200 ppessAmear thé7 Apressure, and the presence or
absernice 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 INVENTIOCN
20 A magnetic disk according to an embodiment of.the
present invention and a hard disk drive (HDD) equipped
with the magnetic disk 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 to the case

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



5 and a suspension 78 are nounted to the supporting post 76, and a magnetic
head 82 to be at the tip of the suspension 78. (AE) sensor 84 for detecting
t he between the magnetic head 82 and 10 is nounted to the arm 77, and th
connected to an oscilloscope 85. tested is supported An acoustic em ssion
degree of contact the magnetic disk 80 AE sensor 84 is In conducting the
TD-TO test, the magnetic disk 80 is nmounted to the spindle notor 75 so as
to be rotated at the rotating speed of 4200 rpm Under this 15 state, the
pressure within the chanber 70 is gradually |owered so as to decrease the

fly hei ght of the mpgnelicihead 82 el ative to the surface of the magnetic
disk 80. While the fly height of the magnetic head 82 is being decreased,

the output of 20. thg,Afe8eng0otn84cdsepi hoeedrby thempsei ! kascope 85. As
shown in FIG 6, the output of the AE sensor 84 is rapidly increased at the
time when the pregsett ecwWiidks tbe(chamhegndOitsdleweredaloneeneling certain
| evel . This indicates that the magnetic head has been brought 25 into
contact with thehcufaceFdE. t he eaghetseddaska Theopdésgumedatimi hi s st age
constitutes a touch down (TD) pressure A - 21 If the pressure within

t he chantfer 70 & sspimdbasedtdy tOnachinegsapnat delréry seagecnt ABTAE out put
is maintained at a |arge value until the pressure is increased to reach a
certain |l evel aféprorihed,and dbivupbpythewspgaetdcadnsiksedl ByBF2L1THiYS

i ndi cates that the magnetic head has been caused to f| again fromthe

surface of the hghe¥iretyrsheadhelpreWEhFéndt 2PHi £°804H8 CBASEMELLEE a
take-of f (TO pressure_B. A%ﬁo, t he glffgregce bet ween the TO %& pr.essure B
and the TD presSur@l@ f¥om the magnefif fdipl o8 CopF&sshr 8SES™PHY fést for

nmeasuring the TD pre re the TO pre r an e ressyre C
calfgdlagT()Tt)?u ??éﬁﬁggTéb?Ep?gg?tgﬁsgggﬁgug?eago%gtﬁg §P§§2ﬁ615 s;iples.
It h | arjfi h ~ . t : i

bt opor t 152 of (e Henel T GiE,MaBhERSY BiSOHEIEAl Souhe SO ar i e

the TO pressure ¢xGeedsrOrdtatihqt Qﬁdpﬁ@@|i%'irb9.f:‘m%d%‘R!épkia(i@_ita%'éds to be
generated at the pressure of 0.7 atmthat 20 is specified in the actual

magnetic di sk a@@@éﬁby%-zyndgr rbRf ebhEUmBLABGESM 2B @bdeholldiopRt itheze the
surface roughness of the nagnetic disk, a TD-TO test simlar to that

descri bed abovemhgsebeenheadduched bytushngpbbe tian auwsysdrpive tdiesks

descri bed above and 25 a magnetic head having the fly height that is not

| arger than 10.0zgnetkEtGligksswhegr apk shgwerngct headel atricomsivige Het ween t he
pressures, i.e., the TD - 22 pressure and the TO pressure, and [BH 1.0
nnj. Al sb5 FIG tBejsugegnaph shoaingerlaceelodt ithes Magnsedtifestd KBH 1. 0 nnj
and the D pressure C. As apparent fromFIG_ 7, in order to allowthe 5 TO
pressure to be ABE Ai §HEELLRER BNETatrh IACLYGILRG t HOIWSHREMH ity of the
data, it is necessaré for to be not smaller than 7% éJiJZBH 1.0

BH 1.0
nn is smaller £haR2 OWrtlﬁ% ?Bpﬁrlégg%r ETCY BT Gwdrt&gessing cir

of a record-write signal.
A printed circuit substrate (ﬁot shown) for
20 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
25 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)



~even if the surface roughness of the magnetic disk is 10 | owered. As
apparent fromFIG 8, the D pressure Cis rapidly increased. In other v
wor ds, the adhesion properties are increased. As a result, generated is the
phenomenon that the magnetic head does not fly fromthe surface of the
magnetic di sk even at the 15 pressure of 0.7 atm In this fashion, if [BH
1.0 nm is smaller than 70, the surface ofsthe 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 nagnetic

20. head is broyughtyd nio; ¢ONE aght ¥t g t B8 MBYREYIT &n b SKne ABuB b?salt, the
magnetic head is vibrated so as to render the read-wite unstable.

Al ternatively, ¢hen 1hg Dhead gadat hesumgnethe divskmagrebiokansks sone
cases. 25 As described above, it is possible to ensure the fly height

stability of thesnagaetdgx hendyusteckan enyi upoanetheobtherediltrdapr essure
of 0.7 atm even - 23 wunder a very small fly height, i.e., 10.0 nmof the
fly height of theesmghetdccheadanby settebhgtyBehl. OThafeatwa wabuethot
smal l er than 7% as the surface roughness of the magnetic disk. 5 Then, in
order to %00k idtskshk6siteainbagraligspetetefl eheapbeRsapiphRenonmenon of
the lubricant performed by the nmagnetic head, which is worried about in the
case where the Sekfhtedronghfess- of -t Ad0RngABL i éNdEEBR P3TRSF4EN a

| oad-unl oad test was 10 conducted as follows. As hn t he TE—TO est 8

descri bed abovedepPepared #Rrar&CPI BraYi 8y 1¥EHagnEt FRIGAR QSEﬁFe% each
sized at 2.5 inches Egd differing fro ac%zother in the value of [BH 1.0
nnj. Each nagnetic diSR GASTiAEST BEPEFEGYi A 2a *REgHEES 2dPSk dpTar at us 15

t hat tated tati d 10, 0 d ' t

| oad Bnd unl oad The ASGRCETE RaBients SA G0t “oP i ALonGGnGt 18 Grck surface
dl ' . ~¥h t t; t f

70 and The r ol &t PUREREALH: 2] 35751 300" SR Re T Sha- Nl Cad Ly & v

performed 500, 00Q;ti #ES. TheBe LbRsMBOngtikCodisskiapRar at psowas ideamant | ed
so as to look into the attachnent of the Iugrlcant to the magnetic head.

FIG 9 is a tabhesshawengphhe resul kaeh bhee25ahdagauaload testtheAs
apparent fromFI G 9, the pick-up phenonenon of the |ubricant was observed
in the case whesarfBtkelo® nht wagnkaigedishan 615%d ktktiesd 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 suspensioh 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 head

collectively form a head suspension assembly.

As shown in FIG. 2, each magnetic head 40



' - 24 considered reasonable to understand that the |ubricant pick-up
phenonmenon tends to be generated with increase in the cbntact frequency

bet ween the magnetic head and the magnetic disk. Generation of the

| ubricant pick s up phenonenon also indicates that the thermal asperity and
t he breakdown of the nmagnetic head caused by the el ectrostatic breakdown
tend to be generated easily. If the valueiof [BH 1.0 nm{ is larger than
15~, the surface of the nagnetic disk is rendered rough, with 10 the result
that it is difficult to shorten the spacing between the nmagneti c head and
the magnetic d'§$¢ld&e§0$|9@55%@@%1éil%srgtféhgﬂiért91@@8t9¥2 andi gh
recordi ng density exceeding 70 GB/inch and it is inpossible to ensure the
reliability of 4 he-cmenetictdShdiskpantdibhesangoeiktd ¢hsknappagat us. Under
the circunstances, in the case where the surface roughness of the nagnetic
di sk is controld$edfice pef nthetheidakué2of [BEH da@nanjctbeddl #0OwWthin a
range of between 7% and 15% as shown in FIG 10, it 20 is possible to
secure the hi ghthecoadi hgutenscoyshotctboer ishahxg0 @B/ angh2bahd the fly
hei ght stability of the magnetic head while maintaining the superiority in
t he el ect omagnee¥ tngohlereinhedhbpather F6Pi perbfonhef nhfeflePaNSkOBven in
the case of a very low fly 25 height that the fly height of the _nagnetic
head is not |ard@er thanead. boash LTRér9alrad éPwﬁﬁé apef ereheeerRpthéfifeen t he
center - 25 line of the height of the gsger|t¥ on tEg di sk s rface and
the maxi num heiBRE"8F Ehel &&pe |%§ aPpéle Pnfl Pohie 9Bf ﬁﬁe

ty that t t h
of "the 5 mignet RE2T k0. GHe CHEaEAR A Fh FebbeChooP CERE RGNl PR di <k havi ng

ot St e i PhesBrogbekaLiboat Lhbhupoy RRdE B bﬁ%ﬁ@ g% agd 15% The

val ue of the d ere was foun nge of 0O nmto

3.9 nm jhe Conﬁsgﬁ&@e Hsszﬁe% Eaga%Qv@d@%Sltae ﬁ@%@rttlbealg& t e smagnetic

di sk and the va | ow. Therefore, the lower Iimt of the surface
roughness of thgegag@egbgodhﬁkoksl@gg_referred to. However, in order to
secure the reliability of the magnetic disk, it is desirable for the val ue
of Rp 15 to be not | aggeholwhannd FGcnmii,n thespeetriciye ke swmpary [22mt in the
surface roughness of the nmagnetic disk. If the value of Rp is larger than
4.0 nm the magbetiadspaeai Bgppsrenhar gedpeadd eheepdiblbedsosucheas t he
thermal asperity and the | ubricant pick-up phenonenon 20 tend to be
generated easi | peaBSippgoseithéédanaar déaeditignr epositl domigeetic disk is
equally divided in the radial direction into three sections so as to form
an i nnerl&ircuntstentinb désecsacnanti hber pEdisate C|?cﬁﬁﬁéﬁemﬁ%ﬂ‘%ectlon
and 25 an outer circunferential section. The |nterned|ate circ rentlal
section has a r&arEsisPtapeue PRTkmCitn thise VEHs & dofl Sa SEPRILIER %

about 16 mmin tEpportl%% 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 voice 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 is rotated about the bearing unit 26 when

25 an electric current is 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



‘case of a 1.8 inch disk. The inner circunferential region has a radius of
about 15 mmor less in the case of a 2.5 inch disk and -about 11 mmor |ess
in the case of a 1.8 inch disk. The outer circunferential 5 region has a
radius 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. Wen it comes to a magnetic di sk. having
relatively high adhesion properties such that-the value of [BH 1.0 nnm] is
not larger than 10.0% on 10 the disk surface in the internedi ate
circunferential section, it is desirable for the value of [BH 1.0 nn] on

t he di sk surfaceg 4w tde inner circunferential section and the outer
circunferential section to be equal to or larger than that in the
internediate 15 . ciTganfefentéad mechansml p5t hacinoes ei eenpf enenti al
section of the magnetic disk, the nagnetic disk tends to be deforned under
the influence dfotnwd cdranthes do@istdo wakl eafethdecaeoat a2t afid egqueacyetiet ween
the magnetic head and 2.0 the magnetic di sk and, thus, the neasure agai nst
t he adsorption ars tlendestesli devef ethe Siagret he dibksi bh pndpertikessare high
'so as to generate a big friction force, generated is the phenonenon that
the rotati ng spetendindweread e thie our@roti eeohf ef ehhfapuseensdans25

whi ch has a Iaﬂgg torque, of the magnetic disk. |If the rotating speed of
the magnetic disk i HOnerR, Caneldyy #ePgRPLYf 2 heSnhghetre heallPs

| owered so as - 27 to further. inpair the fly_hejght stability. The
TOUTO test desch Barbritki bisty sthontiet cae by ” pf Batr RECa Bl ULakPLy of
1.8 inch nagnet#g di sks giff in% frome ch.Ethgé in_the sh pe of the
surface. 5 Spec ﬁc%ﬁ?y, %ﬁe% r WYY g%é Pc ?sﬁgmﬁaeFﬁg ffie val ue of
[BH 1.0 nm, j s..no, 0. 0% on IS age. e of

t he magnetic 3?% §h¥%éﬁﬂdg¥% %ﬁ?n%gfg%%fcgﬁggfeégﬁggasé ??%% %gdtﬁﬁe out er
cireunf efent i al;soethon dhfering fLam eachal0 obhet 8 bhersunlage

roughness, and anot her magnetic di sk included the inner circunferenti al

'section and the,puied Sheeunier enti ahe seghonithatawere substantially equal
to each other in the surface roughness. FIG |l is a table show ng the 15

experinental data. Wiesensfresucfacekr vaghnesaded tihethenapociviqunhemwenti al
section is relatively large conpared with that in the internediate
circunferenti albsedt¢sonilasdi intdéetangneti c di sk according to this
enbodi nent 20 of the present invention, the TO pressure in each of the
i nner circunferenti akssebovoniandl€he3outbe 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-layered film is formed on each surface

of the substrate 50 by a sputtering process.

Specifically, a first underlying film 52 made of CrTi




~circunferential section is held substantially equal to that in the
internmediate circunferential section even if the TD pressure is increased
under the influence 25 caused by, for exanple, deformation of the nagnetic
di sk. However, where the surface roughness in the inner circunferential
section is relatively small - 28 as in the magnetic disk for Conparative
Exanple 1, the TO pressure in the innet cigcunferential section is rendered
hi gher than the TO pressure in the internediate circunferential section. As
aresult, 5the margin in the fly height stability of the nagnetic head is

decreased. |f tfigySUrdacsnd QUL ihg 108 PURLRe ChECHNE LT @BEI @k section of
the magnetic disk is relatively small " as 1n the magnetic disk for 10

Conpar ative Exaipl &y 2and hea¥ D@t s ngh sereds of o f heo ragnet heedisknea | ower ed
so as to rapidly increase the TO pressure. The rotating speed is not

| onered in the swgness cvell gkon neadh chut hecyadb ietbé fBbstrOtanbOis not
smal l er than 7% However, as apparent from 15 Conparative Exanple 1, the TO
pressure in theholdreingiecsnfecenteatosecstongobit heshaghétzendi Sklins

hi gher than that in the internmediate circunferential section and the inner
circunfer®ential SsentdonodfatbeCniiyBedl todi 8Rd Savhngepnghinknessuati on, it
is desirable for 20 the surface roughness in the outer circunferential
section of the Aegfhetdle Hpskrrodbeteafybn 28 HederpheBuaBBdenayinps

possi ble to secure a satisfactory fly hei ht_stabilit¥ of _the ntnetic head
over the entire?reyteiressthe helRet #cMPRREEG ABRPRGIDE fheMsGPT BEge

) ntire”r . L . | surface
Lhan or at 1 east? eQuaPCEEEERAt IR FHE PRSP SrCEPEanPEr anfi B - 99
section of the gﬁgygfﬁgog%ékivgffgﬁm”%5'ﬂ99§285§§é2§89 Luongessof the

outer circunfereén sectiron of e nagne arger than or at | east

equal toghat ih LheckaLerngel ale ahr aual eoeabhabnSeatl dBcehdthe 5 magnetic

di sk. The magnetic e construction descri bed above was

i ncorporated inthe, 1pgngt k€14 Sk, appREALUSLEBEW el BiThGe2l 180 cBa L@ apply
a random seek test to the entire region of the magnetic di sk under 10 an

environment of @itfgdycedopresstr @oﬁta@nfn?i} meoeasumned ewapet-tie ustange in
the performance (i.e., the time required for the read/wite on the entire

region of the npghgéthedi 8k) thé mhénnmagmpbhendi sk appavatfosm?24 hours | ater.
The fly height of the magnetic head 15 40 was not larger than 10.0 nm As a

"~ result, deteriotabrbnathnghéiper £ér imneetwasknessr e€ogni/zet so &het o make

it possible to obtain a magnetic di sk apparatus having a high recording

density,1%hi ch masteaetivewsilmhar .70 GB/inch2, and a high reliability. 20

The present invention is not limted to the enbodi nent descri hed above. It

i s possible to nodif $REhEVEEASET COLIIRGSFECcOdr S8 MRS &htS K mieritd on

within the technjcal scope of £he Brespat LAvERtion jn Aghyald yigrking the

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% in 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 inventions can be achieved by an appropriate conbination of the plural
constituting factors disclosed in the enbodi nent descri bed above. For
exanple, it is - 30 possible to delete sone constituents fromthe entire
constituents disclosed in the enbodi nent described above. Further, it is
possi ble to conbine appropriately the constituting factors included in 5
different enbodi nents of the present invenyion. For exanple, in the
magneti c di sk of the present invention, the naterials, the thickness, etc.
of the underlying filns, the internediate film the lubricating film etc.
are not |initedy those, giuehs 10:40; theeppodi rept descrihpedcabgye. It is

possible in the present invention to sel’ect appropriately the materials
etc. noted aboweh@snd @kl €Al £k SPs, t ¥ NBANGhE CpdksksoAr 8rUSBE ERokhe
magneti c di sk apparatus according to the enbodi nent of the present
invention 15 desstt et aboveiclioveyetross s6cposshbl erke bpctrase or
decrease the nunber of nmagnetic disks used in the magnetic di sk apparatus
appropriately, aspeejuyradd vall8t oMHATe | 8i €&kASVEDRES: odcupiangheti c di sk
conprising a substrate, a lam nate structure fornmed on the substrate, the
| ami nat e St ructaf echieicénti ng arosmdeetyiog 6F1 hhebSmagnaghet §ésketor di ng
film a protective filmand a lubricating film and a disk surface applied
with a texture pIetedsingcedEer nparei ngn@a Kagnerfe ofi Eheatrefsin the
circunferential direction so as to inpart a nagnetic anisotrogﬁ to the
magnetic di sk i$eA0PhelRi Fetinkef oht Pl WpFectRenhet pBtdfsRMsGPface havi ng
a value of the contact_ratip [BH 1.0 fallin it hi ran of 70 to
150 in a regi o Ha¥ hgt A het Yo o?mgﬂg%Fegﬁﬁﬂaﬂ‘ﬁfﬁmngfﬁﬁﬁs@ggﬁﬁnthe

hei ght at which a contact ratio in,J5 a beagin rve _of a.surface
roughness is 50%" Z:9Fhe n%%%%??% éfs%ngcggfdP%g%#S EFSFn?f,%&ﬁerein t he
di sk surface h 4 r a Xi¢ rity height, which is

obt ai ne (ﬁorw1?%ﬁﬁ%%%gfr%ﬁgésgi?aggﬁroggﬁhggg?'Zo 3. The magnetic disk

according to claim lrgg ﬁeigﬁ@r@knagﬁgryebuenokhbh%u%@akQCBfr%h@o [BH 1.0
nnm at an inner circunferential section on the disk surface is not smaller

than the val ue pighdrei €oat getisatéw, [ BHel, OapBliti B.8NniNt ehAEEhat €
circunfereritial section 25 on the disk surface. 4. The nagnetic disk

according to claspedioy 2s phekednitibe vAkumaghethe @oBkabt batre@allBH 1.0
nm in - 32 an outer circunferential section on the disk surface is not
smal | er than t heawvahereen$ whencontactgnatio fiBEk1i6 bhmpughtamnitot er nedi at e
circunferential section on the disk surface. 5 5. A magnetic di sk apparatus
conpri sily: thecomgmeti¢ldhskhaceagdenyct beatai nStcbr b2ing ghevi ng section
whi ch supports and rotates the magnetic disk; a nmagnetic head which reads
and wites infofhBd®tiPon FROm BAEXi AOFAE AAGHEt PESIPSRD CHEFRENENI ¢ head
having a fly he{ggt not Igﬁggrtﬁgagdéo.o nm fromthe n%%netic dL%k; and

basis esion properties ftween t
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



“a head suspension assenbly supporting the magnetic head. 15 6. A magnetic
di sk apparatus conprising: the magnetic di sk according to claim3; a
driving section which supports and rotates the nagnetic disk; a magnetic
head whi ch reads and wites 20 information fromand in the magnetic disk,
the . magnetic head having a fly height not smaller than 10.0 nmfromthe
magneti ¢ di sk; and a head suspensi on assenBl y-supporting the magneti c head.
25 7. A magnetic di sk apparatus conprising: the magnetic di sk according to
claim4; a driving section which supports and rotates - 33 the magnetic

di sk; a magnet igrdeags wy cdo readso aﬂ@ba»fttssm&ﬂﬁew@tg@ns&f%mngoi n the
magneti c di sk, the magnetic head having a fly height not |arger than 5 10.0

nm from t Ee gagﬂeéim:aﬂhéﬁﬁc aditsla head Shispeiss ORa8eS8ODEYn SHPPeE LB t he
magneti ¢ head.
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10 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 controlled easily. Such being the situation,

it is desirable for the substrate 50 to be formed of
15 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
20 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
25 - 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
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process condltlons of the texture such as the kind

10 of the slurry used, the processing load, and the ..

processing time. In conducting the comparative test,
- an atomic force microscopeiwas used for measuring

the shape of the surface of the magnetic disk, the

measuring range was set at 10 um X 10 ugm, and the

15 number of scanning lines was set 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 is connected to the chamber 70 so as to make

25 it possible to lower the pressure within the
chamber 70 toc about 0.3 atm. A stage 74 is arranged

within the chamber 70, and a spindle motor 75 and
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a supporting post 76 are arranged on the stage 74.
A magnetic disk 80 used as a sample is supported by
the spindle motor 75 so as to be rotated at the
rotating speed of, for example, 4200 rpm. An arm 77
5 and a suspension 78 are mounted to the supporting post
76, and a magnetic head 82 to be tested is supported
at the tip of the suspension 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 maghetic 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 pressure 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 oscilloscope 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 is 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.
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increased by contraries in the next stage, the AE
output is maintained at a large value until the
pressure is increased to reach a certain level and,

5 then, is abruptly lowered to a noise level. This
indicates that the magnetic head has been caused to
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 - A,
constitutes A pressure C. The test for measuring the
TD pressure A, the TC pressuré B and the A pressure C
is called a TO-TD test.
The TO—TD 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
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between [BH 1.0 nm] and the Apressure C.
As apparent from FIG. 7, in order to allow the
5 TO pressure to be not higher than 0.7 atm including
the nonuniformity of the data, it is necessary for
[BH 1.0 nm] to be not smaller than 7%. If [BH 1.0 nm]
is smaller than 7%, the TD pressure is not lowered
even 1f the surface roughness of the magnetic disk is
10 lowered. As apparent from FIG. 8, the Apressure C is
rapidly increased. 1In other words, the adhesion
properties are increased. As a result, generated is
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]
is smaller than 7%, the surface of the magnetic disk
is rendered excessively flat so as tolincrease
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 described 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
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under a very small fly height, i.e., 10.0 nm of
thelfly height of the magnetic head, by setting
[BH 1.0 nm] at a value 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 phenomenon of the lubricant
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/ pfepared 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 rofating speed of 10,000 rpm,
and the operation to load and unlcad the magnetic
head onto and out of the magﬁetic disk surface was
repeatedly carried out. The test was conducted under
the temperature of 70°C 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 attachﬁent 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
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considered reasonable to understand that the lubricant
pick~up phenomenon tends to be generated with increase
in the contact frequency between the magnetic head and
the magnetic disk. Generationvof the lubricant pick-
5 - up phenomenon also indicates that the thermal asperity
| and the breakdown of the magnetic head caused by the
electrostatic breakdown tend to be generated easily.
If the value of [BH 1.0 nm] is larger than 15%, the
surface of the magnetic disk is rendered rough, with
10 the result that it is 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/inch2, 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 conversion characteristics of
the magnetic disk even in 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
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maximum height of the asperity that can be obtained
from the curve denoting the surface roughness of the
5 magnetic disk, was measured in respect of the 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 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 is desirable for the value of Rp
15 ~ to be not largér than 4.0 nm in respect of the upper
limit in the surface roughness of the magnetic disk.
If the value of Rp is larger than 4.0 nm, the magnetic
spacing is enlarged, 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 is 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
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case of a 1.8 inch disk. The outer circumferential
5 region has a radius of 29 mm or more in the case of
a 2.5 inch disk and 21 mm or more in thevcase of
a 1.8 inch disk. When it comes to a magnetic disk.
having relatively high adhesion propertiesvsuch 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 circumferential 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

éO 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
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to further impair the fly height stability.

The TD-TO test described previously was conducted
by preparing a plurality of 1.8 inch magnetic disks
differing from each other in the shape of the surface.

5 Specifically, prepared were magnetic disks having the
value of [BH 1.0 nm], which was not larger than 10.0%
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 rdughness, 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 surface roughness in the inner
circumferential section is relatively large compared
with that in the intermediate circumferential section
as in the magnetic disk according to this embodiment

20 of the present invention, the TO 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
if 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
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L 1096&'()'U/chyvyﬂvyﬁg:magnetic disk for Comparative Example 1,

the TO pressure in the inner circumferential section
is renderéd higher than the TO pressure in the
intermediate circumferential section. As a result,

5 the margin in the fly height stability of the magnetic
head is decreased.

If the surface roughness in the outer
circumferential section of the magnetic disk is
‘relatively small 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 circumferential 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 to be large.

As described above; it is possible to secure a
satisfactory fly 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
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roughness of the outer circumferential section of the

magnetic disk larger than or at least equal to that

in the intermediate circumferential section of the

magnetic disk.

The magnetic disk 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 magnetic disk under

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 region
of the magnetic disk) of the magnetic disk apparatus
24 hours later. The fly height of the magnetic head
40 was not larger than 10.0 nm. As a result,
deterioration in the performance was not recognized
so as to make it possible to obtain a magnetic disk
apparatus having a high recording density, which was
not lower than 70 GB/inch2, and a high reliability.
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
inventions can be achieved by an appropriate combina-
tion of the plural constituting factors disclosed in

the embodiment described above. For example, it 1is
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possible to delete some constituents from the entire
constituents disclosed in the embodiment described
above. Further, it is possible fo combine
appropriately the constituting factors included in
5 different embodiments of the present invention.
For example, in the magnetic disk of the present
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, it is possible to increase
or decrease the number of magnetic disks used in the

magnetic disk apparatus appropriately, as required.
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1. A magnetic disk comprising a substrate,

a laminate structure formed on the substrate, the
laminate structure including an underlying film,

5 a magnetic recording film, a protective film and
a lubricating film, and a disk surface applied with
a texture processing for imparting a magnetic
orientation in‘the circumferential direction so as to
impa:t a magnetic anisotropy.tq the magnetic disk in

10 the circumferential direction,

the disk surface having a value of the contact
ratio [BH 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 é bearinq 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
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[BH 1.0 nm] in an intermediate circumferential section
on the disk surface.
5 5. A magnetic disk apparatus comprising:
the magnetic disk according to claim 1 or 2;
a driving section which supports and rotates the
magnetic disk;
a magnetic head which reads and writes informa-
10 tion from and in the magnetic 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. |
15 6. A magnetic disk apparatus comprising:
the magnetic disk according to claim 3;
a driving section which supports and rotates
the magnetic disk;
a magnetic head which reads and writes
20 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.
25 7. A maghetic disk apparatus comprising:
the magnetic disk according to claim 4;

a driving section which supports and rotates
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a magnetic head which reads and writes
information from and in the magnetic disk, the
magnetic head having a fly height not larger than
5 10.0 nm from the magnetic disk; and
a head suspension assembly supporting the

magnetic head.



