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*159159* 1 ~ TITLE OF THE | NVENTI ON *G00002*
RECORDI NG MEDI UM AND MAGNETI C  RECCRDI NG REPRCDUCI*MIII|||||I|“|I|"m|||m“|
APPARATUS BACKGROUND OF THE | NVENTI ON 5 The prese i
invention relates to a magnetic recording medi um for , ;s

use in, e.g., a hard disk drive wusing the magnetic

recordi ng techni que, and a magnetic
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the recent increase in conmputer processing 10 spe
a magnetic storage device such as HDD for storing andgyggs

reproduci ng i nfor mati bhT¥s ®ei Ny rBYF¥ PNt o have

hi gh ' ' r i ng density
ner dZREE Rt SR iRG Vi Ll fReA

recorgi 3g994 (hﬁﬂg | ect to 15 a
nagng%FQQQ?gﬁfled?ég%és. 6%%%§Vg§§£ the floating
degree, the glide ehcacRednwmorushebehewered. For

this purpose, the nmedium surface is often snoothed by

decr easi ngrid Sp f@ughnessyHa: i dher s 4 ertd he rsyfface:
roughness Ra of the nmedium the nore favorable the 20

pr es st raidur triegii whaf@ac tuerd sitri,c .af . ,a & Iheatd g dlead.ive
However, if the roughness is too small, the head is .
r eadiysi et tirhee e it ¥her SR Mg 1TRsdTtidnte parghnet gagnetic
of the pressure reduction characteristics of the

fl oatrier@rﬁjéaﬂﬂ/afreé”%ﬂﬁu%ﬂ}%/ PRI etf U didowdme -

With the recent increase in computer processing
speed, a magnetic storage device such as HDD for
storing and reproducing information is being required
to have high speed and high density.

As the recording density increases, the floating
degree of a recording/reproducing head with respect to
a magnetic disk decreases. To decrease the floating
degree, the glide of a medium must be lowered. For
this purpose, the medium surface is often smoothed by
decreasing its roughness Ra. The smaller the surface
roughness Ra of the medium, the more favorable the
pressure reduction characteristics of a floating head.
However, if the roughness is too small, the head is
readily attracted to the medium. Important parameters
of the pressure reduction characteristics of the
floating head are not only a so-called touchdown
characteristic by which the head comes into contact
with the medium when the rotaticnal speed or pressure

is decreased, but also a so-called takeoff
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25 characteristic by which the head cones into contact
with the nedi um when the rotational speed or pressure
is decreased, but also a so-called takeoff
characteristic by which the head floats fromthe
contact state and returns to a stable state as the
rotati onal speed or pressure is increased. For
exanple, for a contact startfstep magnetic 5 disk for
whi ch a magnetic head is held in a non-data zone on
the magnetic disk when it is not rotated, the

pr esSHPEACEGUAEItR EaMWRécsr teei bsadah lbatnprovedhby
nakingg%he aver age s%rface rou%hness of the data zone

sur f &€8 67 Tt REARin8Pp&FtpRBPy 61 2t RE 2818k Star§er St kAR
10 t . t iph f .the disk, as
descrrbad oA SHe SN TABB R LREKA® BUBFTERERon M.
3-49620. plnf artynatel ¥, .the jpear velogity deereases
toward the inner periphery nore on a“nagnéflcpdlsﬁ

havi agsa $6el hndicanet eagnparti adharky, haidi aRetehoftdata
15 1 inch or less, than on a magnetic di sk having a

di ameter of 2hb imAghesicSHmee whis decieases tbBeated, the
floating pressure, the floating stability of a head

| onePsepgunakeeitichbre ahtractablietiFherehobe, imheoved by
pressure reduction characteristics nust be further 20

i mpr BEEANIBRNEFASENRBRYSOFLTHE FRVENTESR ofhehpr €séat zone
inventign has been pade in consideration of the above

si tudt'foRTaRd h8s a8"FtsPBbfBEPIYoCf eliliEedaShedgrgsr than
| eoarhig BIOUAL B3 HCR2Tpn8Py PERSLRLCGL Bi? TBIBELLE ipea
in Jpn. UM. Appln. KOKAI Publication No. 3-49620.
Unfortunately, the linear velocity decreases
toward the inner periphery more on a magnetic disk
having a small diameter, particularly, a diameter of
1 inch or less, than on a magnetic disk having a
diameter of 2.5 inches. Since this decreases the
floating pressure, the floating stability of a head
lowers to make it more attractable. Therefore, the
pressure reduction characteristics must be further
improved.
BRIEF SUMMARY OF THE INVENTION
The present invention has been made in
consideration of the above situation, and has as its
object to reduce a head floating amount as much as
possible in a magnetic recording technique using a
magnetic disk having a diameter of 1 inch or less with

no attraction between a head and the magnetic disk.
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magneti c di sk having a dianmeter of 1 inch or less with
no attraction between a head and the magnetic disk. A
magneti ¢ recordi ng medi um of the present invention is
characterized by conprising a disk-iike substrate
having a dianmeter of 1 inch or less, and, letting Ral
be an average surface roughness of an 5 inner

peri pheral surface of a data-region, and Ra2 be an
aver age surface roughness of an outer peripheral
surface of the data region, having a relationship

repr esent e o= RatecoRahg Imedi fin nnf] @ present
magnetic recording |ayer formed on the 10 substrate.
When ¥HEPricdents iHmTGT izecuded comper Sifngg a disk-like
magnet i.c di sk havi.ng a dj.aneter of inch or less is
usgd,s%br?etrf“:\toeat %Vg”g;nﬁjr#laé‘heﬁceore q’feéuéé‘d:ha§r Sqs 2nd,
pOSSi WM 0.,attract] et e t 5
ragneti'c o sk B DR Gt e ERVERAS WiedE
_O: T'ﬂ%rw\e’éﬁphgleadla ¥ adroaaVMan%’ i IICl‘ch%r ®a2 be
incorporated in and constitute a part of %'he

specidfd catd@tye iddrrsidaat® RIMRAIRIR S r0folths peripheral
i nvention, and together 20 with the general
descrdutfiaare giftverheahbove ardyitdre hdetiald ed rdaseriigpisihdp
of the enbodi nents given below, serve to explain the
pri ndigsires aaft achéoy vehtladn.- Ra@ <1 0i.€ sgherad ¢ vi ew
showi ng the sectional structure of an exanple of a
magnet i ¢ rFedGrHIStg TrefARRATE dfeete fordsshton the
invention; FIG 2 is a graph show ng the surface

roughidSd rate.

When the present invention is used, even if a
magnetic disk having a diameter of 1 inch or less 1is
used, the floating amount can be reduced as much as
possible with no attraction between a head and the
magnetic disk.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,
serve to explain the principles of the invention.

FIG. 1 is schematic view showing the sectional
structure of an example of a magnetic recording medium
of the present invention;

FIG. 2 is a graph showing the surface roughness

of a substrate used in the magnetic recording medium
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of a

substrate used in the magnetic recordi ng nmedi um

shown in FIG 1; and FIG 3 is a perspective view
showi ng the arrangenment of an exanple of a magnetic
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rdi ng/ reproduci ng apparatus of the present 5
nti on. DETAILED DESCRI PTI ON OF THE | NVENTION A
etic recording nediumof the present invention
rises a disk-like substrate4and a magnetic
rding layer formed on the substrate, 10 wherein
di sk-1i ke substrate has a dianeter of 1 inch or
Sherdr iretfigyg Ralarbk the average surface

hness the i nner peripheral surface of a data

on, arfngRa b t%eo‘%/%‘? Eurf e shughdde of
r i pheral_ surface of the 15 dat.a region,

ga%re naq% ?f{)ens iopfaraenp reser r?t%eed Qot; 099 Ra1'S Ra2 i1~

Mac A JRYNEIE S JREOY NYJ4prdueiNg apparatys. of

present invention conpri'ses a magnetic recording
umvanding .a di sk-1ike substrate and a magnetic 20
rding | ayer forned on the substrate, and a

rdi ng/ repoadaci.ag besdriwheori ort herdiskehirken

trate used has a dianeter of 1 inch or |ess, and,

i ng RA nyaridte auer@ayel isiy frecs urougthndss pofe e
r. peripheral surface of a data region, and Ra2 be
REVEVEL&ge COMPraEE S Gughivdsd o shessuede and a
heral . surface of the data region,

. h
CORSHLS TEEyEESai od By 6 OLTRA O fE2 SHDSGIAtEm

wherein the disk-like substrate has a diameter of
1 inch or less, and, letting Ral be the average
surface roughness of the inner peripheral surface
of a data region, and Ra2 be the average surface
roughness of the outer peripheral surface of the
data region, has a relationship represented by

0 < Ral - Ra2 £ 0.2 nm.

A magnetic recording/reproducing apparatus of the
present invention comprises a magnetic recording
medium having a disk-like substrate and a magnetic
recording layer formed on the substrate, and a
recording/reproducing head, wherein the disk-like "
substrate uséd has a diameter of 1 inch or less, and,
letting Ral be the average surface roughness of the
inner peripheral surface of a data region, and Ra2 be
the average surface roughness of the outer peripheral
surface of the data region, has a relationship

represented by 0 < Ral - Ra2 £ 0.2 nm.
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In the present invention, the disk-like substrate on

whi ch the surface roughness of the inner periphera

surface is larger than that of the outer periphera

surface is used. Therefore, the surface shape of the 5
magneti c recording layer formed on this disk-1ike
substrate has substantially the sanme surface roughness

as the substrate surface. Wien ©his surface roughness

is given to the nediumsurface, a head is not easily
attracted to the nmedium so a pressure reduction 10

margi n canbet PR eS¢yl yeheves il ike substrate
magnet i ¢ .recordi ng nmedi um having a di anmeter, of, e.g.,

1 inch o"fmlcggstﬂwf el prEss Y B iodn%rlé&eerri%eﬁweral
such he t.ouchdown aracteristic.,and takeoff |,

char ac ref'tr‘—’}cset ic i‘:lrf%]?%ei/re?tn‘\m‘e;t}}%te.ofﬁ oqca{ﬁ Ry HE it iR el
decr easadcd hey 6l UL, Iy d % RSS! B 10 SUR €58 e of the

attraction of the nmagnetic recording layer surface,

Whi chnagadilyy ReeiHE Martdyed ard e drhe Hi&fisk-11ike

peri phery. As described above, the use of the present

20 i mdrstimt ardless subgiesiilld wt aeortanel  stuef fdedatdutthness
of a head by the nmagnetic recording nmedium If the

di f f éreride Fetisden tche waviarcage diefradd i s ougtfeess Ralghness
and gverage surface roughness Ra2 is |arger than 0.2

nm e VS ati%r i & fgferheé 2B achrer nmid easily
oute%tgerkghe i,es increases, and this worsens, the

pr es$Uré %8 dction G 1S rerfi%ti &5 ST Wte T SRrerton

peri I?r!'%ﬁ:rgyi'n Iéjd e elr;[;%or%i argeel?:lt. OfA ctcl'g)er dqrn%sleyr)t eivne\ﬁe nltnl o
magnetic recording medium having a diameter of, e.g.,
1 inch or less, the pressure reduction characteristics
such as the touchdown characteristic and takeoff
characteristic improve. When the floating height is
decreased, therefore, it is possible to suppress
attraction of the magnetic recording layer surface,
which readily occurs particularly on the inner
periphery.

As described above, the use of the present
invention makes it possible to control the floating of
a head by the magnetic recording medium.

If the difference between the average surface
roughness Ral and average surface roughness Ra2 is
larger than 0.2 nm, the variation in roughness on the
inner and outer peripheries increases, and this
worsens the pressure reduction characteristics on the

inner periphery.
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letting Ra3 be an arbitrary average surface roughness
of a surface internedi ate between the inner periphera
surface and outer peripheral surJ ace of the disk-Iike
5 substrate, the average surface roughness Ral of the
i nner peripheral surface, the average surface
roughness Ra2 of the outer peripheral surface, and the
i nternedi at e average surface-rotghness Ra3 have a

rel ati onship represented by Ral > Ra3 ~! Ra2. 10 In
some enbodi nent of the present invention, the surface
roughness bt are ailskdindet substhratre acamtbel nvardrieased
step by step in the circunferential direction from

t he ol Peridphdiaalans tade Yy (e T 4Ith S PG ierghness
surface. 15 |If a portion having an average ,surface |,
oo s S T TG She Be e 1Ak oG esdpheral
Ral of ppe inQFr eri pher.al surface and t

surrace n O

I 4 ver .
surface - Foughhess Raz Bt S S Ut @rurﬁ'érqepﬁgfﬁ%esﬁ%z%élke
exi sts;p Netmeen ttﬂéergvérha%eors@ﬁsflérc% rr%‘%f@%tn'e%%_ Ral of the

characteristics 20 often worsen in this portion. In

addi tiirerar igeaisheamodjymnicef drite ffasent sudtweRrt ion,

t he average surface roughness Ral of the inner

per i pherginesy fRace off tthee aditsde Idded Sighstlr atue fiase ,0.a8.d the
nmor less. If the average surface roughness Ral 25
exceddg rr@diate avse ddeoatinigasf ndvghnesd iRe3 have a
adversely affected, and the pressure reduction

char &E&G QNS gfarare SRovtseh by7 REe “s ef3ace Regughness

of the disk-like subhstrate . _
In some embodiment of the present invention, the

surface roughness of the disk-like substrate can be
increased step by step in the circumferential
direction from the outer peripheral surface to the
inner peripheral surface.

If a portion having an average surface roughness
larger than the average surface roughness Ral of the
inner peripheral surface and the average surface
roughness RaZ of the outer peripheral surface exists
between them, the pressure reduction characteristics
often worsen in this portion.

In addition, in one embodiment of the present
invention, the average surface roughness Ral of the
inner peripheral surface of the disk-like substrate is
0.8 nm or less. If the average surface roughness Ral
exceeds 0.8 nm, the floating of the head is adversely
affected, and the pressure reduction characteristics

often worsen.
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can be forned by, e.g., polishing, texture, and
application of a liquid chemcal. As the liquid
chemical, it is possible to use 5 acids such as
dilute sulfuric acid and hydrofluoric acid. In one
enbodi nent of the present invention, the average
surface roughness of the whole substrate used in the
present inventionis 0.3 to 6.87nm 10 Al so, this
average surface roughness can be neasured by surface
observation by using, e.g., an e.g. atomc force

m cr oscopé”(%ﬁ%ffq:qﬁarququlfas%(ﬂ@rﬁtq clidlewt itoviuptrate
t he sectlon? structure of an exanple of the magnetic

recordihd 15 GFEEURYT & t?e'prpé%lelrﬁ iveftS i r eas adtown

FI G di 1 h
I(:PystaﬁHlecé% Qosf[ ?ﬁk};quug‘: %ﬁalr}ggrgnnetl casr:cor di ng

| ayer 3. 'I;[getsh%b tr rﬂ?@r o 61t an f%)ustselr d| i anet er_

of 21.6 nmm an |nne
thi ckress @fud: %%1dﬂﬁu69“%d%ﬂJE¥83éH 4 heq %@@%%ﬁqy%f%c

is processed by, e.g., nmechanical texture such that

t he swrifiace roughness has a relationship represented

by Ral > Ra3 >_ Ra2. The magnetic recording |ayer 3

i s made ofln erng er@odiRtentand ftoremgd 2 ron itrheention, the
substrate 2 by sputtering. FIG 2 is a graph show ng

t he SUEfFage soddlressoughnese Sdbdtheatwdalsedubstiriege used

nagnetlc recordln% nmedi um 8 shown in FIG 1.
he present invention is 0.3 to 0.8 nm.

Also, this average surface roughness can be
measured by surface observation by using, e.g., an
e.g. atomic force microscope (AFM).

FIG. 1 is a schematic view showing the sectional
structure of an example of the magnetic recording
medium of the present invention.

As shown in FIG. 1, a magnetic recording medium 1
has a crystallized glass substrate 2 and magnetic
recording layer 3. The substrate 2 has, e.g., an
outer diameter of 21.6 mm, an inner diameter of 6 mm,
and a thickness of 0.381 mm. The surface of the
substrate 2 is processed by, e.g., mechanical texture
such that the surface roughness has a relationship
represented by Ral > Ra3 2 Ra2. The magnetic
recording layer 3 is made of, e.g., CoCrPt, and formed
on the substrate 2 by sputtering.

FIG. 2 is a graph showing the surface roughness

of the substrate used in the magnetic recording medium
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In FIG 2, reference nunber 101 denotes the average
surface roughness in the radial direction of the
substrate used in the magnetic recordi ng nedium5
shown in FIG 1. In this case, the average surface
roughness Ral of the inner peripheral surface, the
average surface roughness Ra2 of the outer periphera
surface, and the internediate sdr f ace roughness Ra
have a relationship represented by Ral > Ra3 > RaZ2.

10 Re nce n er. 102 denotes the average surface
rougﬁﬁgégni%PtﬁgPraﬁial direction of a substrate used

in anotherlgng@!e20fr£$§r$ﬁgge£&m g;fﬁéﬁbgﬁgﬁg%%g %%f

the present invention. 'S case,

IS I eprese eﬂllbﬁ’a&@lrcﬁjﬁﬂf?é% RaZ.t Hko rFaLHi':atler 1 egjtion of

reference nunber 103 denotes the average surfac
roughriesssibstthec o adiead i reed iy rft & sUkstdiate msedin
in a conventional nagnetic recording nmedium In this
case,Shdne dverflde surf doe tfoughress tRal aofertdie isuieace
peripheral surface, the average 20 surface roughness

Ra2 JOUIE Gt 12 perdi pHer dinnsur foesg.pheand therface, the
internedi ate surface roughness Ra3 are substantially
equal®’ NSE tHHt" 38 i VRSt Fege ubbder s peripheral

descrg ab i.s made of crystallized glass, and
has fﬁqg%fg? %§§id1§héﬁéﬁrb Céfﬁ@ ﬁﬁﬁ%éﬁeiﬁﬁéﬂhness Ra3

di amelele Qf 6190 2N, 5 E%.E%E%%%%dokygggglargkﬁ:gkggi-

embodi ment of the present Tnvéntion,
SUbStrateH@ﬁ@iéd&é'ﬁhﬂ&ﬁﬁ@ﬁk?kﬂ%ﬁﬁ%&th%a%verage surface

roughness in the radial direction of a substrate used
in another example of the magnetic recording medium of
the present invention. 1In this case, the relationship
is represented by Ral > Ra3 = Ra2.

Furthermore, reference number 103 denotes the
average surface roughness in the radial direction of a
substrate used in a conventional magnetic recording
medium. In this case, the average surface roughness
Ral of the inner peripheral surface, the average
surface roughness Ra2 of the outer peripheral surface,
and the intermediate surface roughness Ra3 are
substantially equal.

Note that each of the three substrates described
above is made of crystallized glass, and has an outer
diameter of 21.6 mm, an inner diameter of 6 mm, and a
thickness of 0.381 mm.

In one embodiment of the present invention, the
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be selected fromthe group consisting of glass,

al um num silicon, and plastic. In sone enbodi nent of

the present invention, the 5 disk-like substrate is,

e.g., a glass substrate. Exanples of this glass

substrate are anorphous glass, reinforced glass, and

crystallized glass. In sone enbodi nent of the present

i nvention, anorphous glass or Peinforced glass can be

used. Vhen 10 crystallized glass is used, crystal

grai d yce slom1undulat|on and this prevents easy
ST,

attr TKEOT e ot ther USfichd (e tHfddwn nvention can
char agt esrél%tét%d \/gro?rﬁr% o?‘lgrtoou influence of th g;elass’

undul at i on. n1ngfi net i

recoracilur;hgan@1 | ayer; Qo theSybsidiate, it is possible to
use physical = evaporation methods such as sputtering,

vacuum evapditd Qb RVaREALd O Hd Hasse@Nd PaAS i F{ QW the
sputtering. As a seed |layer and undercoating, Cr- based

al | oyls sk2Q iaree sused mmst ief,t en.g . Howevarasd tsuss talas@ .
possible to wuse, e.g., TiN TiC, TiO MO VN, VC

and Z¥eredels davidg an aNsCls ubtstuetter @ reamcdiphious glass,
FeAl, CsBr, CuPd, Csd, CuZn, % , and BeCu each
haV|ﬁ§l§f€§@ed stagsyurdd 23 VAS atlie zvst erliegls -of t he

magneti c recordln Iayer IS possible to use a
ferronagn %Wiﬁdlnﬁﬁﬁtﬁﬁnqﬂ?zRVQ%%%ﬁ e nhisa
of el sele ted from and N .

Exanp es OPuSh aﬁgrpgnﬁgﬁggogced %ldSS cai be used. When

crystallized glass is used, crystal grains produce
slow undulation, and this prevents easy attraction.
On the other hand, the touchdown characteristic
worsens by the influence of the undulation.

As a method of forming the magnetic recording
layer on the substrate, it is possible to use physical
evaporation methods such as sputtering, vacuum
evaporation, evaporation in gas, and gas flow
sputtering.

As a seed layer and undercoating, Cr-based alloys
are used most often. However, it is also possible to
use, e.g., TiN, TiC, TiO, MgO, VN, VC, and ZrC each
having an NaCl structure, and NiAl, FeAl, CsBr, CuPd,
CsCl, CuZn, AgMg, and BeCu each having a CsCl
structure.

As the material of the magnetic recording layer,
it is possible to use a ferromagnetic material

containing at least one type of element selected from,



10

15

20

25

material are CoCrPt, CoCrTa, CoTaPt, CoN Ta, and CoPt.

As a protective film dianond-1ike carbon,

hydr ogenat ed carbon, or the like forned by, e.g., CVD

5 or sputtering is used. Wen the magnetic recording
mediumis to be given an antiferromagnetic structure,

it is also possible to forma staked structure of a
magnetic film e.g., stabilizindd | ayer/ Ru/ magnetic

film e.g. magnetic 10 recording |ayer on the
undercoating. In one enbodi nrent of the present ,

i nvest-idon, Con Fehe amalgiéti ¢ EX@8EREiSng Inedit§mi6E rofg@gnetic
present invention, the innernost ri phery of, the

dat a™PéGirdAL P Ssépharatted 6\ T4 20 Fg&&??f'm%%%“rl%ﬁvt fEd CoPt.
center of the 15rocy[esc SHbstnat e&'a&mﬁ%’ﬁﬁ@%@%‘%@@ of

t he preseﬁ? 9 NemSon, t hi's di ubstrate can be’

appl ihg%arto% e%atggag lr&gyg)% o e¢or dinag/nerr edugi-Rg LANPAN.at.us cvb

havin ranp adi ng mechani sm whi ch hol ds a head
in a,Ppagitiniseparatedd.romthe magnetic disk outer

20 periphery. In-addition, a non-data region on the

i nner per ivpher \tref rdmgmgnetdw daEeer digay uredisumd e given
smal |, so the nedium can be further reduced in size.

The presentl fienventicortiis sgpluictalree t-¢ aMy agfsogpossible to
per pendi cul ar magnetic recordi ng nedi um having an easy

25 aXicgmof wagred Fdtivetute e Spavgerdiiculfarlm -9

di rection, .a .perpendicul ar nagneti c . ,

" ecordiARgrErBaaVg / S PRrATUS CUSiig t e Safiongtic

| ongi_t udi nal netic - .11 recaqrding di um havi ng an
easy raeﬁosrd?}fn%ljrgl% 6t Za itéﬁe un ercoatgudr&e.

In one embodiment of the present invention, in
the magnetic recording medium of the present
invention, the innermost periphery of the data region
is separated by 4.0 to 4.7 mm from the center of the
disk substrate. In some embodiment of the present
invention, this disk substrate can be applied to a
magnetic recording/reproducing apparatus having a
ramped loading mechanism which holds a head in a
position separated from the magnetic disk outer
periphery. 1In addition, a non-data region on the
inner periphery of the magnetic recording medium is
small, so the medium can be further reduced in size.

The present invention is applicable to any of a
perpendicular magnetic recording medium having an easy
axis of magnetization in the perpendicular direction,

a perpendicular magnetic recording/reproducing

apparatus using the same, a longitudinal magnetic
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in the longitudinal direction, and a | ongitudina
magneti ¢ recordi ng/ reproduci ng apparatus using the
same. 5 FIG 3 is a perspective view show ng the
arrangenent of an exanple of the magnetic
recordi ng/ reproduci ng apparatus of the present

i nvention. As shown in FIG 3, a hard disk drive
referred to 10 as an HDD hereilidafter, as a disk

device has a rectangul ar boxy case 10 havi ng an open
upper end, and a top cover (not shown) which is | ,
scr ewed ool itnige Megdeim R VANl gralsiasy 6 1Sc PdnEegeeEiGes ton
t he upper-end aopenjing of the case. 15 The cas Q
cont & PE regretiuc igirdk dir oS 1on r 8C6r Gi ﬁnﬁégﬁéﬁﬁa&
spi ndl e notor 13 whi,ch supports . and rotates
nagnEPQE%ﬁ¥9<?EEOQ§ ﬁgf&@dﬁg&&g3§PpﬁﬁF§HSré%gP s the
i nformati on on and reproduces information fromthe
magnéi'E di sk, a head actuator 14 20 which novably

Supports thie, mgnel if head A3 wid i S IRRRL AP drhe

magneti ¢ di'sk , ce'coil notor 16 referred to
as a ¥YoMrhemeimalderan Whiaadp lrotodt eheamd gngasict i ons t he
head actuator, a ranped | oading nechanism 18 which
hol ds etdver diagyyetsipe cibad ri33 appaa 2B podi ttihen pyegamat ed
fromthe magnetic di sk when the nagnetic head noves
to tHevsuttérarost peri phery of the nmagnetic disk, an

inertia latch_ng mechani sm 20 which 12 holds the eadd
actuat or AP SHT adt gl posit ioMagtefilsk drive referred to

as an HDD hereinafter, as a disk device has a
rectangular boxy case 10 having an open upper end, and
a top cover (not shown) which is screwed to the case
by a plurality of screws to close the upper-end
opening of the case.

The case 10 contains a magnetic disk 12 as a
recording medium, a spindle motor 13 which supports
and rotates the magnetic disk 12, a magnetic head 33
which records information on and reproduces
information from the magnetic disk, a head actuator 14
which movably supports the magnetic head 33 with
respect to the magnetic disk 12, a voice coil motor 16
referred to as a VCM hereinafter, which rotates and
positions the head actuator, a ramped loading
mechanism 18 which holds the magnetic head 33 in a
position separated from the magnetic disk when the
magnetic head moves to the outermost periphery of the

magnetic disk, an inertia latching mechanism 20 which
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an inpact or the like acts on the HDD, and a flexible
printed circuit board unit referred to as an FPC unit
herei nafter, 17 on which electronic parts such as a 5
preanplifier are nmounted. The spindle notor 13, VCM

16, and a printed circuit board not shown which
controls the operation of the nagnetic head are

screwed to the outer surface & the case 10 via the

FPC unit 17 so as to face the 10 bottomwall of the
case. The magnetic disk 12 has a dianeter of, e.

65 nhetlHat the Abedt agtBaftpEhés, aaﬁétﬁa§t§dn§@ﬁéﬁﬂ€n when

recording layer. The magnetic disk 12 is fitted og b1
hub RSt LERGHH, O&f thke 14 ﬁnéFéSnﬁpthszDEmdaeﬁaﬁp degyle

15 1, Th t i
at 2 Cﬁag%ef%ﬁ§F%é§ gs % magnetl err% 12181 t%%%dunlt

by hé Spi ndl"e not or

drIV% elﬁ%g%ggneﬁbc onead ;33 g R rsergal %@t%oggbﬂe@s a

head fofmed on'a substantial ly rectangul ar slider not

20 shewamplhe iemgneti aqoheadd33 has a wite head having
a single pole structure, a read head using a GWR film

or TMR fiths sarichaa e Mcore.1®., maEYNEtd,0-amesias tonie theead
for recording and reproduction. The magnetic head 33

i s tilxeditopethrer nwitt lshiowe shhiidér cootaodisnisdle @mieration
formed 25 on the distal end portion of a suspension

132. ofEfarpregnsinsl deat gae7 sgEsEEihé® BELoWwWSe Surface

forned 13 Sanple 1
of the casgplo via the FPC unit 17 so as to face the

bottom wall of the case.

The magnetic disk 12 has a diameter of, e.g.,

65 mm that is about 2.5 inches, and has a magnetic
recording layer. The magnetic disk 12 is fitted on a
hub not shown, of the spindle motor 13, and clamped by
a clamp spring 21. The magnetic disk 12 is rotated at
a predetermined speed by the spindle motor 13 as a
driver.

The magnetic head 33 is a so-called combined head
formed on a substantially rectangular slider not
shown. The magnetic head 33 has a write head having a
single pole structure, a read head using a GMR film or
TMR film, and a (MR), e.g. magnetio-resistive head for
recording and reproduction. The magnetic head 33 is
fixed together with the slider to a gimbal unit formed
on the distal end portion of a suspension 132.

Examples

Samples 1 to 7 described below were formed.
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First, a crystallized glass substrate having a

| ongi tudi nal surface roughness distribution of 0.1 nm
or less, an outer diameter of 21.6 mm an inner 5
dianmeter of 6 mm and a thickness of 0.381 mm was
fornmed as a conparative substrate. Although chanfer
pol i shing was perfornmed on the inner and outer
peripheries, it may also be onmltxed. A OTi seed

| ayer, Cr alloy undercoating, CoCrPtB 10 all oy
magnetic | ayer, and carbon protective filmwere
formed i nS@iPd orlder on the substrate in a 0.27-Pa Ar

anbi ent by .sputtering, thereby ohtaining a magnetic
o g g it sl f tcdlate s M st g Faving a
crystal li.zed.gl.ass substrate having ,an, _outer dia er

o o e e T P R etEr o7 2B e raPkEs ooPafed ™
to ao&hﬁ%%@?sgnoEuQe§8&i%ﬁgtEQeofp5§$%u ,aQQ.inner

rotational speed of the tstone and the grain size

and ceagerkratiror of,t heqabr asivengkai B 0203WehR was
changed to forma substrate on which the roughness

cont ifpuodsl ¢si aceasedatiom shesawbee. peri phera

surface to the inner peripheral surface. The average
surface rédghoegd whsndeal lpestl st ngheasopegiformed on the
peri pheral surface and con=inuously increased 25

t onar-8"ERe 2NANEHLEEr PEHEPRE T4GFF adé. "The2dPPf BEeABé tted.
in averag% surf.ace rog%hness bet ween t he outer

peri pher al* §Grfacé8nd Virer PefitpRer 2RA§GFPAe "as CRA4TELE
about, ;0,1 £Qq%e2 1M 430 JLAe LOUINNESS QR LHE QULR ere
formed in this order on the substrate in a 0.27-Pa Ar
ambient by sputtering, thereby obtaining a magnetic
recording medium of sample 1.
Sample 2
When a crystallized glass substrate having an
outer diameter of 21.6 mm and an inner diameter of
6 mm was polished to a thickness of 0.381 mm, the
pressure and rotational speed of the whetstone and the
grain size and concentration of the abrasive grains
were changed to form a substrate on which the
roughness continuously increased from the outer
peripheral surface to the inner peripheral surface.
The average surface roughness was smallest on the
outer peripheral surface and continuously increased
toward the inner peripheral surface. The difference
in average surface roughness between the outer

peripheral surface and inner peripheral surface was
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peri pheral surface was adjusted to about 4 nm Note
that the average surface roughness was obtai ned on the
basis of the surface condition neasured by using an 5
atom c force mcroscope (AFM manufactured by Digita
Install ment. The obtained substrate was used to obtain
a magnetic recording nediumof sanple 2 in the sane
manner as with sanple 1. 10 Sajfl e 3. A substrate was
formed follow ng the sanme procedures as with sanple 2
except that the average surface roughness was al npst
t he SBRETLf Porh tRelodt 8/t périspheltl SQHEREESSoCR the outer
subst ant.i m ddl e surface 15 in the r

|1 di al
di r oBETORNATH Lo SHEERGEUSPS PAINSAEEd o PORIERE Afgdl dote
f to.the i i ph I f . Th .
i 11 6 ahc e n 468rAGe SUarPace [PIGONRGSs " 2Bel eG "ERe o the
O ShpBTL! BactRl, SHEEAEE A0RdANEh, JRECLRNE Bl BNiHACEN

out er +BRELPRELAL RUELh-Ace Was @diyshed.rhecahedt v Mlyical

The obtai ned substrate was used to obtain a nmagnetic
recordispg1medihem of sanple 3 in the sane nanner as
with sanple 1. 25 Sanple 4 A substrate simlar to that
of sanpl e Thewa®tapheparset.s tRDiaaronc salrsasi vo ghbalais a
were mxed in a - 15 coolant, and the di sk was
sandneghed ibetreeemdéhgt hedium of sample 2 in the same

manner as with sample 1.

Sample 3.

A substrate was formed following the same
procedures as with sample 2 except that the average
surface roughness was almost the same from the outer
peripheral surface to a substantially middle surface
in the radial direction and continuously increased

- from the middle surface to the inner peripheral
surface. The difference in average surface roughness
between the outer peripheral surface and inner
peripheral surface was also about 0.1 to 0.2 nm. The
roughness on the outer peripheral surface was adjusted
to about 4 nm.

The obtained substrate was used to obtain a
magnetic recording medium of sample 3 in the same
manner as with sample 1.

Sample 4

A substrate similar to that of sample 1 was

prepared. Diamond abrasive grains were mixed in a
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tapes while the abrasive grains were dropped, and
textured in the circunferential direction by rotating
it. During the texture, the disk was evenly textured

5 by periodically swinging the tapes in the radial
direction. Note that the texture was |ight texture

W th which the roughness distribution before the
texture renai ned unchanged.'ThéfhvéTage surface
roughness was snall est on the outer peripheral surface
10 and contlnuouslillncr ased to

per i PRE&Nt rs@cad e PER &lc e&ybﬁ£§§e§uFﬂ§$g
roughness etween the aut.er perlp era an
i nner-2 Fﬁbrﬁ%ﬁéﬁaﬁhfur ace “Was “about 5 rg%%%d %Pﬁ

EOUQQ% S tihe (out e peridaher %haﬁuHﬁ%%%tW%% %% %SH%%lng

5 to about 4 nm The obtal ned substrate was uséd

obt aiin @ pBARet ithe eCeXdirRg MRl WNsef wsamphend yi Htetxhte.lred
same nmanner as with sanple 1. In addition, as an

exanplye pesiing iaratiherswietgiod, t2@ mbp@hanglm@ethedial
roughness, a substrate having a roughened surface was
f or meld dertatochi ngiottige thatf ade twixtthirg Maguild abiterheediure
such as an acid or alkali. In this case, an anorphous
substiidte WidEUSEE BodRhsesst dig tanpartaion pefore t
substrate i s used, %P surface 25 condition chan

gr eatiS toWiend F6 e & ﬁ%% g e OHE éﬁ&lﬁﬁf

rat es’éoouf a e%rsy Staa'lsI sp Oarltlleosq: %%d th%on (‘trex:s E}%lr 1%%r trjaqn 'surface

16 anﬁle

and continuously increased toward the inner peripheral
surface. The difference in average surface roughness
between the outer peripheral surface and inner
peripheral surface was about 0.1 to 0.2 nm. The
roughness on the outer peripheral surface was adjusted
to about 4 nm.

The obtained substrate was used to obtain a
magnetic recording medium of sample 4 in the same
manner as with sample 1.

In addition, as an example using another method
of changing the roughness, a substrate having a
roughened surface was formed by etching the surface
with a liquid chemical such as an acid or alkali. In
this case, an amorphous substrate was used because if
a crystallized substrate is used, the surface
condition changes greatly owing to the difference
between the etching rates of a crystal portion and

non-crystal portion.
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A gl ass substrate simlar to that of sanple 1 was
prepared and di pped in an acid having an appropriate
concentration, thereby form ng a substrate having an 5
aver age surface roughness which continuously increased
in the radial direction fromthe outer periphera
surface to the inner peripheral surface as in sanple
2. The average surface roughnes® was controlled by
adjusting the concentration of the acid, 10 the

di pping tinme, and the dipping nmethod. The difference

i n aver age3tiifeace roughness between the outer

peripheral_ surface and inner_.peripheral .surface_ of

Phe Dbt fod G B VHE SR 19675 2 Tmeorhg 1 ves
roug Ll ri pheral; r.f S ;

N R R R G R R S

used 4@ RN i@y MRS FRGHIHNG MRdsumef %@@Eh%nan
5in the sanme nmanner as With sanple 1. Sanple 6 20

anmor pheus guksirate havighhed d argidhudioidli nusiisfigcéncreased

roughness distribution of 0.1 nmor |less, an outer

di amgtrerchef r2HiG Imii rase tinme rf rdirangtee 1o uafe r6 prmiphame la

thi ckness of 0.381 mmwas fornmed, and textured in the

same svefrere ao wileh igamy o4 inhe e $ugdmpice as28 0

however, the substrate was textured hard by increasing

the $E88Sing f or'de GVAUFY K&, L AReFEBYIGSTH 1§ Sa

substrate qn which the average surface roughnes .

cont iIFPEGFE N Sh&e dlsitr}”t‘?hg ac‘ﬁoéllceé]itrr@gg'o(% O%r gﬁe acid,
e

the dipping time, and the dipping method. Th
difference in average surface roughness between the
outer peripheral surface and inner peripheral surface
of the obtained substrate was about 0.1 to 0.2 nm.

The roughness on the outer peripheral surface was
adjusted to about 4 nm.

The obtained substrate was used to obtain a
magnetic recording medium of sample 5 in the same
manner as with sample 1.

Sample 6

An amorphous substrate having a longitudinal
surface roughness distribution of 0.1 nm or less, an
outer diameter of 21.6 mm, an inner diameter of 6 mm,
and a thickness of 0.381 mm was formed, and textured
in the same manner as with sample 4. 1In this sample,
however, the substrate was textured hard by increasing
the pressing force or the like, thereby forming a

substrate on which the average surface roughness
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the outer peripheral surface to the inner periphera
surface. The average surface roughness was snall est on
the 5 outer peripheral surface and continuously
increased toward the inner peripheral surface. The
difference in average surface roughness between the
outer peripheral surface and i nner peripheral surface
was about 0.1 to 0.2 nm The rldughmess on the outer
10 peripheral surface was adjusted to about 4 nm The
obt ai ned substrate was used to obtain a_rmagnetic
recoﬁepﬁgnﬁﬁaﬁéwuéﬂ0§&ﬁﬁﬁé Gnlﬁh?héa§éﬁé dfBRFEL ORs firpm
Sanpl e 7 % was fornmed foll ow
Che S5fe OHEBCeaaras eaa T RUSARFrotS ORbonl ERab rRgneral
di fference in average surface roughness between the
out er perlpheral surface and inner peripheral surface

was about .3 6 ?@ %Jﬁygdy'ﬂ$% nee%cma%a@ﬂﬁifg§% on the

measur ed by a neasur e evi ce t he

measyned ghidesnwene s REQr shessonthe Bmanet ii¢creased
recording characteristic and electromagnetic

convebsken char aeteri pkird pbkreacBursanpl.e WReedifference
checked. Table 1 shows the 25 characteristics. The
nagnéni@vee@gedEngfachama@gémbgsi@eWageweaQ@r@@twwth a
vi brating anpl e magnetoneter (VSM . The
eIecPﬁéﬁE@ﬁéﬁﬁcSP8fa@@n@@ﬂsPﬁﬁeéhaﬁééPQﬁF§ﬂléUW5§Ce was

measur ed mnth a
Eout 0.1 to 0.2 nm. The roughness on the outer

peripheral surface was adjusted to about 4 nm.

The obtained substrate was used to obtain a
magnetic recording medium of sample 6 in the same
manner as in sample 1.

Sample 7

Sample 7 was formed following the same procedures
as in sample 6 except that the difference in average
surface roughness between the outer peripheral surface
and inner peripheral surface was about 0.3 nm.

When the glide of each sample was measured by a
glide measurement device, all the measured glides were
5 nm or less.

The magnetic recording characteristic and
electromagnetic conversion characteristic of each
sample were checked. Table 1 shows the
characteristics. The magnetic recording
characteristic was measured with a vibrating

sample magnetometer (VSM). The electromagnetic
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spi nstand nanufactured by Guzik by using a head used
in an actual drive. The obtained results are shown in
Table 1 below. 5 Table 1 Sanpl eHeS/ Nm ( dB)
1335750( A/ m) (42500e) 24. 2 2334170( A/ n) (42300e) 23. 7
3335750( A/ m) (42500e) 23.9 4342070( A/ m) (43300Ce) 25. 1
5340490( A/ m) (4310Ce) 25. 3 6347600( A/ m) (4400Ce) 25. 5
7346810( A/ m) (43900e) 25. 4 Sanpl €°1 to 7 were different
only in substrate conditions, and all |ayers were
formed on these 10 substrates by the sane nethod.

I—Iovve\Feornvear e G 2GS HE éﬁsgmqv%rerdf efigd far om

one sg e to anot robabl y .cause

e.g. ,%) e %W%gﬁﬁE%Fq§u ‘%%Q»Qféﬁﬁu? dhé 2 used
CWSHQJ ldnidtar 2f &ﬂ%eﬁagwl GHEG ALY I I}%SU%XZ are sthown in
magneti c 15 recordi ng characterlstlc the “resoldt

of amaarRi sotyeQpjc medi um such as sanple 4 was hlgher

than that of an isotropic medium such as sanple 1.
The el ectromagnetic conversigpigharacteristics of

50 ot o R Rl o e ot P ont Bl media o by i WHBLH
was textured Har der335‘ﬂrfr00V(erd/nbe(t4tzesro. OEQ check the
floating characteriistdc-0f @ R&ad,3q o) 23.7

3 335750 (A/m) (4250 Oe) 23.9

4 342070 (A/m) (4330 Oe) 25.1

5 340490 (A/m) (4310 Oe) 25.3

9 347600 (A/m) (4400 Oe) 25.5

7 346810 (A/m) (4390 Oe) 25.14

Samples 1 to 7 were different only in substrate
conditions, and all layers were formed on these
substrates by the same method. However, a coercive
force Hc slightly differed from one sample to another.
This was probably caused by, e.g., the
presence/absence of texture and the crystallinity of
the magnetic recording layer. As the magnetic
recording characteristic, the resolution of an
anisotropic medium such as sample 4 was higher than
that of an isotropic medium such as sample 1. The
electromagnetic conversion characteristics of
anisotropic media were superior to those of isotropic
media. Of these anisotropic media, a medium which was
textured harder improved better.

To check the floating characteristic of a head

with respect to each medium, the touchdown TD
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with respect to each nmedi um the touchdown TD 19
characteristic and takeoff TO characteristic were
neasured by using a head used in an actual magnetic
recordi ng/ reproduci ng apparatus. The touchdown TD
characteristic is a pressure 5 neasured by an e.g.
acoustic em ssion (AE) sensor attached to a head when
the head which stably floats f¥%m-a nedi umrotating

at a predetermned rotational speed in a
predeterm ned environnent cones in contact wth the
medi GmaiRETt erie thce S ¢ aike afdd J€e ¢haTiae tEY itsgheo e I'FO
characteristic is a pressure neasured when a head in
cont ECESWLER & Ymeildd Pot@eich¢ised 4N predétterdi megnetic
rotational, .speed in élcg_redetermned envi r onment

roaF?cﬁﬁdﬁgpglmﬁﬁﬂg FEs SEPE A ‘means  no si gna
| s out put Tfhrorpo&%d%%nselrbsérhata%yc erlgo e 43 1N akjelsstd}ee

sanpl es except for sa ar act 6r i's

coul r o.ab thgne 0
cou e e gt g o 0.6 s e g

atm zthechldvas Wohsthd when, t%beo%teado w'r’u@hmst%ltyheloats
i nner nost periphery. This is 20 presumably because a

hi gh froughnessiiam thedtiner atper pplkekalk raunkaceotational
decreased the floating margi nches. Also, the TD of
sanpkeesdwas ki ghredehprabogd @nos ranmenffagoriessénofcontact
the other sanples. This is_ presunmably because the

surf Hééhsﬁéﬁemleéirlglé‘l y’h@ﬁaﬁ@@d pressgirgcd si roggsed. The

r oughened uid.chemcal. In effect, the

aver égﬂé‘e&ﬁrgf gge F‘g‘ﬁéﬁﬁggésﬁé§ dquivRFEFEuTe measured when

a head in contact with a medium rotating at a
predetermined rotational speed in a predetermined
environment floats by raising the pressure that means
no signal is output from the AE sensor any longef.

In all the samples except for sample 6, the TD
characteristic could be decreased to about 0.6 atm,
and there was no big difference. The TD of sample 6
was 0.65 to 0.7 atm. The TD was worst, i.e., about
0.7 atm, on the innermost periphery. This is
presumably because a high roughness on the inner
peripheral surface decreased the floating marginches.

Also, the TD of sample 4 was higher by about
0.05 atm than those of the other samples. This is
presumably because the surface shape largely changed
since it was roughened by using a liquid chemical. 1In
effect, the average surface rougnness was equivalent

to those of the other samples, but a maximum surface
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to those of the other sanples, but a maxi num surface
20 roughness Rp was higher by about 0.5 nm On the
ot her hand, the TO characteristics were different
bet ween the substrates. The TO characteristic of
sanple 6 was favorable probably 5 because the TD on
the i nner peripheral surface was bad. As the
characteristics on the outer petd pheral surfaces of
the sanples except for sanple 6, the TO was
substantially 0.6 to 0.65 atmin any sanple, but the
char F@ehinasc R ahd idheer Qyerdiisher & SsdifFf-aces 10

were di fferent between the sanples. The TD of, saqple 1

al one was Bad:n§ .Ehengiird.o. Bt IIf 1de S iercs Were
peri pheral surface. This is prqobably begause, a |ow

sur f éﬁe{f?edi?dhtn@%t“i%& &i?eos'%st%ﬁ'fgﬁ%dn, y gr?ce t he
head br.o t..dntq ¢ t i t '

ot O o e Aok R 'l rat e reeeLy
each fcsamles 20 On/ @xCepindOpsamleaal, sddmcEOwas
characteristic on the inner peripheral surface was
aboutbddi .65 rat mheanthdrtee tdi fifs@rienc erbethseenuttdre pEH2 ipheral
characteristic and TO characteristic on the inner 20

per i pherfacesurdfadé avemulsst @axdeglt @ s 1G5 @t mhe TO
i.e., exhibited a very good val ue. As descri bed above,
the fYasatSuRs teidriadtler i&tq ¢ & iaddm dm @Byt rempde, but
characteristic on the inner peripheral surface can

It GV Y TR TG THE 25 Gl e ok THE ey S UE faces

peri p%heerreal dis fraecnec lq._egca e»{ehet nh o tshaa&p 1 .t h T t’ﬁf of
peri pheral surface. Fur

er nor e,
sample 1 alone was bad, i.e., about 0.8 atm, on the
inner peripheral surface. This 1s probably because a

low surface roughness increased attraction, so once
the head was brought into contact with the medium,
attraction increased to make floating unstable.

In each of samples 2 to 7 except for sample 1,
the TO characteristic on the inner peripheral surface
was about 0.65 atm, and the difference between the TD
characteristic and TO characteristic on the inner
peripheral surface was substantially 0 to 0.05 atm,
i.e., exhibited a very good value.

As described above, the flcating characteristic,
particularly, the TO characteristic on the inner
peripheral surface can be improved by making the
roughness on the inner peripheral surface lager than
that on the outer peripheral surface. Furthermore,

the roughness can be freely controlled by, e.g., the
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t he roughness can be freely controlled by, e.g., the

21 material, polishing nethod, or texture contro

nmet hod. Al though the exanpl es using the gl ass

substrates are expl ained above, a netal or plastic
substrate such as Al or Si may al so be used as the
substrate 5 material. In addition, the nediumsize is

not limted to a 0.85-inch medium~-and it is also
possible to use a 1-inch nmedium 0.85- and 1-inch

medi a havin different inner dianmeters, and a nmedi um

havi ﬁ@‘trﬁfir?glre PAld shiqxamtdrod TiRE rrggitetticc qoedasodi mgthod.

Char act o1 TSI S e S TRt it Sl pubstrates
f - trat h ' :
o OLENS QP AL, DA% 0260 RNeR MRS s

char act eni s G i eBJ NS sINhaNged o sSTherLfRie . he
present invention i's 15 simlarly effective to a

magnetste fieqor dimg Jmditumdrf,0rc hePedapanel Gular ifaghet ilGmited

recordi ng. Additional advantages and nodifications

wi || to eadi.l8p-docir nte@ itingsergkiiltd €d ial stcheoarstible to use

Therefore, the invention in its broader aspects is

not la mitiedht ez urhe OsFdci fang detiaidhs meged a having

representative enbodi nents shown and descri bed

her eidt.f TACEHNIAGIS, V@M s el iic IGGnE Ry Ijg no hole

made wi t.hout departi fromthe spirit .or scope of . .

the dendral GTVEtT ve BoREoREa¢ TREFIad Doy EHELeristic

2£2ane ﬁg&%ﬂ?%ﬁ%&%é€¥%'éé%%éﬁgﬁﬁ?Eﬁar%%tgéfgéf% of the
magnetic recording medium formed on the substrate
change in accordance with the magnetic recording layer
itself, but the floating characteristic remains
unchanged. Therefore, the present invention is
similarly effective to a magnetic recording medium for
perpendicular magnetic recording.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspescts is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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1. A magnetic recording medi um conprising: a disk-Iike
substrate having a dianeter of not nore than 1 inch
and, letting Ral be an average 5 surface roughness of
an inner peripheral surface of a data region, and Ra2
be an average surface roughness of an outer

peri pheral surface of the data region, having a

rel ationship represented by- 022 Ral - Ra2 :!~ 0.2 nm
10 and a nagnetic recording |layer formed on the
substrate. 2. A nmedium according to claim1, wherein
letting Ra3 be an i nt efid®Hi B3 eClaABYRlgel Surf ace
roughness between the inner peripheral surface and the
15 outer Peri ph8ranesict 4660 rERBJaVEFagR SHFPZdS1ng:

roughness Ral, of .the inner peripheral surface, the

aver age sﬁ?%&é%“#d&&hﬁ@g§t§§%eo aWHggoﬁtgﬁaﬂgFFﬁhégéPOt
surf the.inter i at rage-surface
rougﬁ%ggséggg Ea&égé’re gfié%gﬁyggrgﬁ%eggnggdagﬁrfge

Ral 3,Ra3 3! rBagnndssAofedhuihaccopdirignteatl aurhce
wherein the average surface roughness Ral of the

i nnekepar ypher akgisurf age Rsongk apr eveRagels@rimaces.
A medi um according to claim1l1, wherein a 25 surface
roughpegsnretst beé dhskulkekepsubpheate isncrfeasesf shep
by step fromthe outer peripheral surface to the
i nnedaper kphéral Savfageaotetlhéigashipegeoneseates, bx
medi um according to claim1l, wherein a

0 < Ral - Raz £ 0.2 nm;

and a magnetic recording layer formed on the
substrate.

2. A medium according to claim 1, wherein
letting Ra3 be an intermediate average surface
roughness between the inner peripheral surface and the
outer peripheral surface, the average surface
roughness Ral of the inner peripheral surface, the
average surface roughness Ra2 of the outer peripheral
surface, and the intermediate average surface
roughness Ra3 have a relationshio represented by
Ral > Ra3 2 RaZ2.

3. A medium according to claim 1, wherein the
average surface roughness Ral of the inner peripheral
surface is not more than 0.8 nm.

4. A medium according to claim 1, wherein a
surface roughness of the disk-like substrate increases

step by step from the outer peripheral surface to the

inner peripheral surface of the data region.
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sur f

ace roughness of the disk-1ike substrate is forned

by polishing, texture, and application of a liquid
chemical. 5 6. A nmedium according to claim1l, wherein

t he
sel e

di sk-1i ke substrate is nade of a materi al
cted fromthe group consisting of glass,

al um num silicon, and plastic. 7. A nedium accordi ng

to c

laim1, wherein an 10 i Merdfost™ peri phery of the

data region is separated by 4.0 to 4.7 nmfroma

cent
conp
di sk
t han
roug

er. 8. A mmgnetic recordi ng/reproduci ng apparatus
ri sing- aAra@ElT aeesrdingg tredil@hthavi mgegein a
-like 15 substrate having a dianeter of not nore
SEHIRER, TO&Rd 56t Aifng "Ral 15 "art “av §PEGE T8It ade tOrmed
hness .of .an inner peri%heral urface of a data .

regig ,pg%dsﬁéfgbete5§ué€éra§g gﬁpﬁégg%ﬁgﬁgﬁgess 0 aﬁ

oute

r.R&sipheral  surface of the data region, having a

rel ationship 20 represented by 0 < Ral - Ra2 <_ 0.2

nm and agmagnetids e GfdRd daxey dierined omrHdiein the
substrate; and a recordi ng/ reproduci ng head. 9. An
appakddtsits 1axeorsaibig ria@ eCliai madle odr thektecarpr iseilegtad
ranped | oadi ng mechani sm whi ch holds the 25 head in a
posi tfiirom $épacated focomistiagnetli gldissk aduténum, silicon,

peri

phery. 10. An apparatus according to claim 8,

wher &n§l P42as|tdt-i ng Ra3 be an internediate average
surface

7. A medium according to claim 1, wherein an
innermost periphery of the data region is separated by
4.0 to 4.7 mm from a center.

8. A magnetic recording/reproducing apparatus
comprising:

a magnetic recording medium having a disk-like
substrate having a diameter of not more than 1 inch,
and, letting Ral be an average surface roughness of an
inner peripheral surface of a data region, and Raz2 be
an average surface roughness of an outer peripheral
surface of the data region, having a relationship
represented by 0 < Ral - Ra2 £ 0.2 nm, and a magnetic
recording layer formed on the substrate; and

a recording/reproducing head.

9. An apparatus according to claim 8, further
comprising a ramped loading mechanism which holds the
head in a position separated from a magnetic disk
outer periphery.

10. An apparatus according to claim 8, wherein
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roughness between the inner peripheral surface and the
outer peripheral surface, the average surface
roughness Rat of the inner peripheral surface, the 5
aver age surface roughness Ra2 of the outer periphera
surface, and the internedi ate average surface
roughness Ra3 have a relationship represented by Ral >
Ra3 > Ra2. 11. An apparatus aeaording to claim 8,
wherein 10 the average surface roughness Ral of the

i nner peripheral surface is not nore than 0.8 nm 12.
An appartahgs Racc brdiang iha echaidie8e whereior surd@gckace
roughness of the disk-like substrate increases step

by stepohremst hetogrer ther iipheraPesdrhgse 1t é%ﬂ#@cewnd the
i nner peripheral surface of the data re%lon

appaPates &@ééP@@ﬁ&ltéuéléFﬁ\Sthﬁhé VEIT 5 S$ 55%
roughness of t i ke substrat.e.is

pol i SRI'A “eFéxgﬁﬁeo a&&eaﬁEPFéafegﬁPQFr S”%%ECQV the
Chen%%%&ag % %%a %%b%%%SR%%C%&dt%% %%ﬂgﬁ”ﬂ@ﬁipheral
wher ei'n fe °di'sK-15 Ke Sstrate is made of a materi al

sel egﬁc@a =4 o@ntdhech%r qlﬂﬁe(‘&{éﬂl%tﬂengav(?fragjea%%rface
al um num S|I|con and plastic. 15. An apparatus

aCCO&@b@%n@%SCF%BmH&véMﬂﬂﬁﬁﬂétﬁﬁi§m1p negmnsinted by
peri phery of the data region is separated by 4.0 to
4.7 malf comad cemier..

11. An apparatus according to claim 8, wherein
the average surface roughness Ral of the inner
peripheral surface is not more than 0.8 nn.

12. An apparatus according to claim 8, wherein a
surface roughness of the disk-like substrate increases
step by step from the outer perioheral surface to the
inner peripheral surface of the data region.

13. An apparatus according to claim 8, wherein a
surface roughness of the disk-like substrate 1is formed
by polishing, texture, and application of a liquid
chemical.

14. An apparatus accordinc to claim 8, wherein
the disk-like substrate is made of a material selected
from the group consisting of glass, aluminum, silicon,
and plastic.

15. An apparatus according to claim 8, wherein

an innermost periphery of the data region is separated

by 4.0 to 4.7 mm from a center.



