DESCRI PTI ON Substrate for Magnetic Recordi ng Medi um
Magneti ¢ Recordi ng Medium and Magnetic Recordi ng and
wReq@7001860 Ng Appar at us CROSS REFERENCE TO RELAREDJIP2006/313514
APPLI CATIONS Priority is clainmed on Japanese Patent
Application No. 2005-200628, filed July 8 , 2005. This
"application is an application filed under 35 U.S . C
111 (a) claimng pursuant-to 35 U.S .C . 119(e) of
the filing date of ProvisionallApplication 60/700, 338
on July 19, 2005, pursuant_to .C . 111 (b).
TECHNI CAL FI ELD The preseﬁFQQﬁggﬁ#bgn relates to a
substrate for form ng a magnetic recordi ng nedi um
enpl oyed as a recordi ng nmedi um for information
devices, to a magnetic recording medium and to a ., -
magnet ihssEstei RET MR EGEPRYL AP P ST, Magnetic
BACKGROUND ART In recent years, with the progress of
various i Reeerdinoieddvmne eand tMaongtdraGeceapiy t3rbf
magnetic recordi ng nedia has increased nore and nore.
5Particularly, the retepeidiFiegpadePeyalstd recording
density of nagneticdi sks, which .play a central role
as external nenories in conputers, have been L

I ncreasi ng year by year. Under such
CROSS REFERENCE TO RELATED APPLICATIONS

Priority is claimed on Japénese Patent Appliéation No.
I2005-200628, filed July 8, 2005. This'a(pplication is an
10 application filed'under 35 U.S.C. §lll{a) claiming pursuant
to '35 U.S.C. §119(e) of the lfiling date of Provisicnal
Application 60/700,338 on July 19; 2005, pursuant fo 35[
U.s5.C. §1li(b);
5 TECHNICAL FIELD
) The present invention‘relétes to a substrate for
forming a magnetic recording medium employed as a recording
medium for information devices,‘tgra magnetic recording
‘medium, énd fo a magnetic recordingYahd‘reproducing
20 apparatus.
\EACKGROUND ART
In recent years, with the progress of various
information devices, the storage capacity of magnetic
recording media has incréased more and more. Particulérly,

25 the recording capacity and recording density of magnetic



circunstances, there is a need for devel opnent of a
magneti ¢ di sk whi ch enabl es hi gher-density recording.

waoon7examnpl e, devel opment of |aptop and pal nt opCT/JP2006/313514

personal conputers has required a small-sized

recordi ng apparatus wth high inpact resistance, and

therefore, demand has arisen for a small-sized

magneti ¢ recordi ng medi um whi ch enabl es hi gher-density

recordi ng and has hi gh nechani 2gal strength. Recently,

navi gati on systens and portabl e nusic playback devices
sttt

hatdSkFsoviehl Bfdy & FERBFH nEPhidr At PP LSS

an ultra small magnetic recordi ng medi um
CoRvBRUEBRA |RAVE REenaiREERRTIRT ddT BYnychEdi Hmder such
(i.,e. magnetic di sk} has enployed an al um num al | oy

supdrearetiacdhg ther Pspharesd siay seacleprangl ek

)

substrate, which satisfies strict requirenments,

i nelagdehic hilifervhimbaenabbes shimir -dengitgit yecording. For
hardness, and chem cal durability. Such a glass
sulestmple, | devalamengeolfslaptothaand radngbbesers@ial

_ formation of a flat surface suitable for reducti on of

t heolpyutags hed ghteqfiradnagems 1 L-diesd fiegondiapoarparatus
magneti c recordi ng surface, the flying height g

r estichi bhghelmpdtnpestahantey atd dihwinedoleghdeearsd thas
magnetic recording . In recent years, the flying

heiaghtenf far mmgnetlilc-siead hbyreigia@bwrerdimgnediwn which
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recordi ng medi um has been reducednore and nore for
at eablleg highetletsistiyyr eeooddhgy aanrd hias high mechanical

strength. 'Recently, navigation systems and poftable music
playback deviées have also employed a recording apparatus
incofporatiﬂqAan ultra smgll magnetic,recording‘medium.
Convgntionally, such a maénetic recording mediﬁm (i.e.,

magnetic disk} has employed an aluminum alloy substrate
having an NiP-plated surface, or a glass substrate, wﬁich
satisfiés strict regquirements, including higher impact

' resistance, rigidiéy, hardness, and chemical durability.
Such a glass subsfrate is advantageoué in‘that it enables
easy formation of a flat éurfaée suitable for reduétion of
‘the flying heiqhtl of a magnetic head flyiné above a
magnetic'récordingvsurface, the flying height redpction
peing.important for attaining high—dénsify maénetic |

-recording.

In recent years, the flying height of a magnetic head

flying:above a magnetic recording medium has been reduced



accordance with this tendency, a substrate for formng
a magnetic recording nmedium (hereinafter may be

Wo efogiosso to as a "magnetic recordi ng medi um SRUBIR2A06313514
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or a "magnetic recordi ng nedi um substrate product'')
has been required to have a flat surface with snall
surface roughness (e.g., a mrror surface) and to have
m ni m zed surface defects such.as mcroscratches and
mcropits. . A magnetic recordi2ng nmedi um'substrate
(e.qg., ‘a hard disk (HD) substrate) is produced throu%h .
t h&ors| PRt PRFS s 2t aind peph vyh 1dsigHEY pEFPEATRg and 1n
(1 appi ng) the surface of a substrate body whi ch_has,
be@gcpsRnpee t Wl Havd ife $EPEENEY neh ST ragesfep bprming a
chanfering the inner and outer end surfaces of the ,
subegnat &cboesexdivsu giedgaindhese inafdex Fp¥pbef referred to
subj ecting the substrate body surface to final R
polaiss hi HyagSeibbe qiranrdingl agdiem spwbstgared arop tprgnetic
substrate body surface through, for exanple, the
f olreowirdjngt mpdium substyatagpsedpcti’n WRischegRerequired to
substrate body surface is noderately roughened; a step
of Hasenenglaansumikerd ayigh emallt$wrapsf aoagbheshele.g., a
substrate; a step of forming a magnetic |ayer on the
sunfiacerobut fieceinderd dpehpva sirpricfed sawifpgeadefects such
protective layer on the nagnetic |ayer; and a step of
f oras adcackobatclads amd ayierophtshe protective | ayer.
Thereafter, irregular protrusions fornmed on the |ayer

. A magnetic recording medium substrate (e.g., a hard

disk (HD) substraté) is producéd thfodgh;the following
steps: a‘ste? of roughly polishihg (lapping) the surface qf
é,substrate pody which has been formed to have/dgsired
dimensions; a step of chamfering the inner agd outer &nd
surféces.of the éubstrate bod& through grinding; and a step
of,subjécting the substraté body surfaqe to final polishing.
Subsequéntly, layers are formed'atop the substrate body |
surface'tﬁrough, fér example, the following steps: a
texturing steé in which the substrate body surface is
moderately roughened; a step of formihg'an underlayer on
the surface of the substrate;.a step of forming a magnetic
layer on the surface of the underlayer; a step of forming a
protective fayér on £he magnetic lafer; and a step of
forming a lubrication layer on the protective layer.

Thereafter, irregular prdtrusions formed on the layer

surface are removed through a burnishing step{-to thereby



surface are renoved through a burnishing step,- to

t herebyyield a magnetic recording nediumas a fina
w@e@duetsso The t hus- produced substrate may causBCEJIP2006/313514

problemin that exfoliation of the underlayer or the

magneti c | ayer occurs at a chanfered portion of the

substrate body, resulting in production of defective
viebdust saghatbcdeecbodsobveetihiism psobl énnaftherednas .

been proposed neans for enhancing the durability of

the tragersukopreduatapsubetsubst make chody, a proileh in
the average surface roughness (Ra) of the chanfered

tﬁg{tégfoh§a£§sﬂlekeeh&ouhaeélggeg QrZthﬂmgaﬁetlEonayer

exanp Pat ent Docunen ) .7In the case where t
|ng gh oresi st re
SR oRane: Ry eeBed At HoRG: 03, e §§F55F30%§§§a on

: neti ¢ recordi d|u re reproduced by
5 RRALCIRO, OB BUGEEPDLOB: Por CRaG ChAtEr PEORTCHS dafh fager to

fail to be reproduced. Such a phenonenon is caused by
seheef phiswhgbheBhabhSHE BR6j BeehorsoPesrEdmepns for

particl es deposited on the surface of the nagnetic
enkezgociinggtheddumebndute thechel lagpesi fyprard géper dhe

heat in the magnetoresistive head, and such heat
s@eserateopodal i €8 Whecheshst akeeagk therheadrovwhheBss (Ra)

adversely affects .el ectromagneti c conversion

ofTBECLELLELLER. cRRLiLA! €5 WALEhduerselk 2fLReh 0.20 m

g., ang art c
partlcles -which rise relatively sharply W th
10 (see, for example, Patent Document 1).

In the case where the flying height of a
magnetoresistive head is reduced for enhancing recording
density, when data recorded on a magnetic recording medium
are reproduced by the head, a reproduction error may occur,

15 or the data may faill to be reproduced. Such a phenomenon is
| caused by the following mechanism: projections formed of
'particleé deposited on the surface of the magnetic

;ecqrdi;g mediumlinduce'tpermal asperity and generate heat
: in the ﬁegnetores;etivehead, and such heat-generation

20 wvaries the fesisfance of the head, which adverseiy affects
_«eleptromggnetic conversion characteristics. Particles which

adversely affect flying of the head (e.g., angular
partlcles or particles” Wthh rise relatively sharply with

respect to the medium (disk) surface) were found to be

25 generated through unintentional rubbing of the end surfaces
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respect to the medium (disk) surface) were found to be

generated through unintentional rubbing of the end
waofmewsof a nmagnetic recordi ng medi um subst rBCEIRA00AB313514

a storage cassette when the substrate is stored in the

cassette and conveyed during sproduction of the

magneti ¢ recordi ng nedi um Concei vably, when the
oSubstaahel ivhpseordingunédtes §ubekudirgwatthanképedge

portion and a substrate side wall) do not assune

cibs&0te SWhEACERBe bebptaged iBtstercHenBvedef caBstREe and
storage cassette forned of polycarbonate or a simlar

c@@%@&é&'dukﬁﬁgs%Q%Hﬁ%%@o%n%fs%ﬁ&99§§g§@@fciPé@of@ﬂﬁ&cﬁedium.
with the innef wall of the storage cassette, and the

cgf oL eppatjongdopachicl s are, gengpated from.the end

Surfaces ahd are €posi on the 'surface 0
magnet | ¢ recoy di dium ,In order to solve sugh a
(R eBi kot s B Rae- BeoRo P bpBsaBdant SORREGHGST e wall)
regul ating the average surface roughness (Ra) of the
dgurelacessfmat ML 85SE éﬁéféﬁeﬁheléhagﬁéﬁédlﬁéptpénraﬁeved
the side wall of the substrate to less than 1 - mm;
from. tha skchapgqueatsetfer fibnged noifr polysarbacetésee, a
for exanple, Patent Docunent 2 ) . Patent Docunent 1

simi JapaneserPal enth&pphbeathos taddspREAcEkokamy: MNato
09-102120 Patent Docunent 2 :Japanese Patent

chpphieayion Labdifpen {kokab}y Nal 10-184321,DLSELOSUREY
OF I NVENTI ON - :

the aforementioned particles are generated from the end

surfaces and are deposited on the surface of the magnetic

recording medium. In order to solve such a problem, there

has been proposed a technique for regulating the average

surface roughness (Ra) of the surface of at least one of

the chamfered portion and the side wall of the substrate to
less thaﬁ 1 pm; i.e.,”a techniqﬁe for forming a mirror
surface (see, for example, Patent Document 2).
Patent Document 1 : Japanese Patent Appiication Laid~Open
(kokai) No. 09-102120 |
Patent Document 2 :Japanese Patent Application Laid-Open
(kokai) No. 10-154321
DISCLOSURE OF‘INVENTION

Conventionally, a magnetic recording mediug including

a perpendicular méénetic recording layer has employed a

soft magnetic underlayer formed from an alloy containing Fe,
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Conventional ly, a magnetic recordi ng nedi umincl udi ng

a perpendi cul ar nmagnetic recordi ng | ayer has enpl oyed
w@2@oo76pmgnet i ¢ under | ayer formed from an al | BYT/JP2006/313514

containing Fe,b Co, etc. However, corrosion, which is

attributed to the thickness & the thus-forned soft

magnetic | ayer and the corrosive property inherent to
Cguchtan ddwmvemt ecdmatosimy, odtich iis tdet sDbttedgoet tloe

layer in the vicinity of an end 5 surface of a

tisuUbshe st eoat tmbi ehueefbankdbebfeenahetliayeayard ahAethe
substrate per se is weak. Such corrosion has been

c8hRY¥Bi {O ﬁ%‘?érﬁ%%hﬁ@&éﬁketgeé%hoéﬁt b@0o9f material, may
el ectromagneti ¢ conversion characteristics of the

ogggpeiﬁC%%gcgégknﬁagggkyg]lggggtEﬁrgﬂgrgicgsﬁé&Lgﬁegn end

agal nst corrosion have been require

on.the relatio et ween the,surface roughness of th
S$RERFF 4 E AnBUPRE DO RARFGVELFEnGORCaFEL Holbarr the Tayer

magneti ¢ underl| ayer have shown_ that when the surface
ap@uEhPe3ePdErahe Bebstrale BRAKsurdude ForFegiPht s theen

a level which has conventionally 15. been proposed,
shofhicd eprliyet cghtidenehte dstapiorstabhi shied bet ween

the substrate end surface and the soft magnetic |ayer,

e badt t hiusgeet { ostonveeestivs thathetsoistiagnelri ehkayafnetic
(i.e., corrosive layer), whereby high bonding strength

ré8br8ih® Medathal ARE. tRO-&R-0B) eabaohirtBeapresent the
invention is to provide a
corrosion have been required. Studies on the relation
between the surface roughness of the substrate and the
bonding strength of the soft magnetic uﬁderlayer have shown
that when the surface roughness of the substrate end
surface is regulated to a level which has conventionally
been proposed, sufficiently tight contact is not
established between the substrate end surface aﬁd the soft
magnetic layer, and thus corrosion occurs in the soft
'magnétic layer (i.e., corrosive layer), whereby high
bonding strength fails to be attained.

An object of the present invention is to provide a
magnetic recording medium substrate product which enables
enhancement of contact strength between a substrate end
surface and a soft magnetic layer, as well as?suppression

of occurrence of corrosion. Another object of the present

invention is to provide a magnetic recording medium



magneti ¢ recordi ng nmedi um substrate product which

enabl es enhancenent of contact strength between a
waawsnemse end surface and a soft magnetic | ayRCT/JRE906/313514

wel | as.:" suppression of occurrence of corrosion.

Anot her object of the present7 25 invention is to

provi de a magnetic recordi ng nmedi unconpri sing the
cempsisane phedaubstwhicehperhubict swhocteeahibridtsi e of

el ectromagneti c conversion characteristics and has
dexeel beatidurabi kikytrAnayheriebieateekibhe cpresettristics

invention is to provide a magnetic recordi ng and

ah@PLdUELnE1 8RRAT 8hYaLETRY. S| AQoter NBGNELE Cof the present
recording medium In order to achieve the

. tion ' , r nt. _i.nvention_provi des
Rt R T e e
substrate product conprising,.a disk-shaped, ,
5 2RROHghes, COBHESEHar BORREIAG S ChPoRanchsFe TPRogding
center portion thereof, and having a chanfer forned at
medash- one of a portion between a main surface on which
a magnetic layer is to be formed and an outer end
sur f aveocaddratpoetharvieettivee a folremmmitn cswecf abg eanted ,athe
i nner end surface defining the circular hole, wherein

ptlsenbabfheenbasnapsuridee radghvesswiRg) falling
within a range of 4.0 A < Ra < 100 A as neasured by

meang1pf sanafhM 162} 2 0FREAG! ke dhi 8&OEHLRS rIRY Whoduct
substrate product as
10 comprising a disk-shaped non-magnetic substrate having a
circular hole in a center portion thereof, and having a
chamfer formed at least one of a portion between a main
surface on which a magnetic layer is to be formed and an
outer end surface and a portioﬂ between the main surface

15 and an inner end surface defining the circular hole,

wherein the chamfer has a surface roughness (Ra) falling

within a range of 4.0 A < Ra < 100 A as measured by means of

an . AFM; )

(2) é magnetic recording medium substrate product as

20 described in (1), wherein the chamfer has a surface

o °

roughness (Ra) falling within a range of 4.0 A < Ra £ 50 A
as measured by means of an AFM;

(3) a magnetic recording medium substrate product as

described in (1) or (2), wherein the outer end surface has

25 a surface roughness (Ra) falling within a range of 4.0 A <
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described in (1), wherein the chanfer has a surface
roughness (Ra) falling within a range of 4.0 A< Ra <

woxoesseasur ed by means of an AFM (3) a neRCEIR2006/313514

recordi ng nmedi um substrate product as described in (1)
or (2), wherein the outer endgsurface has a surface
roughness (Ra) falling within a range of 4.0 A <Ra <

REO& Aoas Angas weedure deAnmeih A ARM AF); a magnetic
recordi ng mnedi um substrate product as descri bed in (3)

ro\lﬁgﬁ(hzss% ?%?) ing vu#hg(ﬁ%g 433%25%%’%9 F REQAuGE as
AF t

eS8 Gry edrim < ”ea”set%a G S beuts e Rar dny

one of (1) through (4), wherein a curved surface

spirface aom@w@8§ur(ﬁade,faﬂ1ﬁictg hertdiimafa erarmgpey die 4.0 A < Ra
referred to as "R surface") of the corner portion

<bsbueeds! feasudsty aveniai sy kacasgnd the chanfer has

a surface roughness”(Ra) Irng wthin a range of 4.0

A < < 50 A as .neasured,.b sof FM (6) a
rragng%l Jo & BESFRTS mEHARMH ‘%tﬁ]iﬁataes product as
described in any one of (1) throu h (5) , Wherein the
d?ﬁﬁérlbéﬁldl@uﬁﬁé(c@n@eﬂfm Stg e didhc Ul4dr dlex eias e curved
surface roughness (Ra) falling wwthin a range of 4.0 A
surRace 100eA,ag measdr strifpommandich derAEMaf{tAr may be
magneti ¢ recordi ng medi um substrate product as

referred to as “R surface”) of the corner portion between

the substrate main sutface and the chamfer has a surface
roughness (Ra) falling within a range of 4.0 A < Ra < 50 A
as measured by means of an AFM;

(6) a magnetic recording medium substrate product as
described ih any one of (1) through (5), wherein the inner
end surface defining the circular hole has a surface
roughness (Ra) falling within a range of 4.0 A < Ra < 100 A
as measured by means of an AFM;

(7) a mégnetic recording medium substrate product as
described in any one of (1) through (6), wherein the non-
magnetic substrate is formed of any of amorphous glass,
crystallized glass, silicon, and aluminum;

(8) a magnetic recording medium compri;ing a magnetic
recording medium substrate product as recited in any one of
(1) through (7) above, and a perpendicular magnetic

recording medium layer on a main surface of the substrate
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described in any one of (1) through (6), wherein the
nonmagneti c substrate is forned of any of anorphous

w@b@3my7660 yst al 1 i zed gl ass, silicon, and al um PCHIP20&Y313514

a magnetic recordi ng medi um conprising a magnetic
recordi ng nmedi um substrate preoduct as recited in any
one of (1) through (7) above, and a perpendi cul ar
pmregreti; c andcor di ng nmedi um | ayer on a mai n surface of
the substrateproduct; and (9) a magnetic recordi ng and

repr qduciangagppanial U AWENS it & SRGRIditd eqH i Nis
medium as recited in (8) above . Wien a chanfer is

cbRpFeding ASmhenaklial BePdelid s Ml uilhlAce J5QUghNessyg)
contact Strength between the chanfer and a soft
pagaetic layer is enhanced, and occurrence of

corrosion in the soft magnetic |ayer can be

supptressed. Therefore, the resultant magnetic
reco&gﬁﬁgaWEQPWﬁF§XH§bi 56 ¢t 65 Pafitdifigy such a small

el ectromagneti c conversion characteristics. As a

SpESare, TPHERBSEAN BENERCECEIt¥Engthedoltvegnpitdlsl @gmfer and
that conventionally arise, including reading error due

at goSNRnegdeatticonagert he enhencpedri phelr pcofiraemgneti ¢

recording medium and erasure failure of adjacent
ceirgbalisndiie theskd€tWhnabhegiealage rby aunskakh@pidakised .

of a magnetic head, which unstable flying occurs when
ThBechead, f thesrkBul hanyi GhBhkYief raceenkodedcPQild @nibits
no deterioration of electromagnetic conversion
characteristics. As a result, there can be effectively
resolved problems that conventionally arise, including
reading error due to SNR reduction at the outer periphery
of a magnetic recording medium, and erasure failure of
adjacent signals due to side writing caused by unstable
flying of a magnetic head, which unstable flying occurs
when the head flies in the vicinity of a corroded portion

generated at the outer periphery and the corroded portion

1s deposited onto the surface of the head.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1A is a perspective view showing the cut
substrate product’ of a magnetic recordiny*medium substrate
product of thé present invention.

FIG. 1B is a cross-sectional view of the substrate
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generated at the outer periphery and the corroded
portion is deposited onto the surface of the head.

WBRIEBIBESCRI PTI ON OF THE DRAW NGS FI G | A i s BCT/JP2006/313514

per spective view show ng the cut substrate product of
a magnetic recordi ng "medi unisubstrate product of the
present invention. FIG IBis a cross-sectional view

pofdedie sfibstmageptdducecofdangagréiim sebetdahg peddunt of

substrate product of the present invention. FIG 2 is

tien endssgedisvessisrcti onal view for describing
portions of the magnetic recordi ng nmedi um substrate

prodgeg, 0b igeaﬁr@ﬁﬁa&gEBV@ebgenseEkgbnéllbhe&tE%&es
the configuration of a stackedsubstrate body. FIG

dé%“;ﬁi f%aéaé%@%% T at hﬁepﬁééﬁgt{% ‘r§8° #Eg{ar%?géeﬁe”
QT aoRBEE SHESTraE cbolyS PFEcBt| (PUSEFALES a mot hod
for neasurin the R surface curvature . FIG 7 shows
t he Eéﬁf|éu%givéhréteﬁhéhﬁasﬁ@ﬁp@urééépaiﬁé gngtacked-

reproduci ng apparatus of the present invention.
suestrapeilbedpf Reference Nunerals in FIGs.

FIG. 4 illustrates a method for polishing the outer
periphery of the stacked-substrate body.

FIG. 5 illustrates a method for polishing the inner
periphery of the stacked-substrate body.

FIG. 6 illustrates a method for measuring the R
surface curvature.

FIG. 7 shows the configuration of the magnetic
recording and reproducing apparatus of the present
invention.

Description of Reference Numerals in FIGs.

1. Magnetic recording medium substrate product

5. Spacer 5a. End portion of spacer

6. Stacked-substrate body

7, 17. Brush

10. Main surface

11. Outer~end surface

12, 22. Chamfer

13, 23. R surface
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| . Magnetic recording nmedi um substrate product 5 .

Spacer 5a. End portion of spacer 6 . Stacked-substrate
whoay/007650 17. Brush 10. Main surface Il. Qu tePCT/iEM0a313514

surface 12, 22. Chanfer 13, 23. R surfacel4 . Inner

hol e 15. Corner portion 21. Lmner end surface 26.

Medi um driving section 27. Magnetic head 28 .

Headldri vimgeseboien 29 .

Recor ded/ r epr oduced- si gnal - processi ng system 30 .

Magneébi.c cecnedi pgroedhum 40. Magnetic recordi ng and

repr oduci ng appar atus BEST MODE FOR CARRYI NG QUT THE

| NVENTI ONr JherpeggeptrEguention will next be descri bed
in detail. FIGs. 1A and I B show a magnetic recording

”EdiEﬁkfﬂﬁéﬁiﬁﬁgdPEQQHQtsgétigﬁ present invention.

FI G IS a perspective view showi ng the cut magnetic
reco%?in nedign12#bstrate product of the present
i nveAt om 2eRa EFE°fB is a crosssectional view of the

substrate product. FIG 2 is an
28. Head-driving section

29. Recorded/reproduced-signal-processing system
30. Magnetic recording medium

40. Magnetic recording and reproducing apparatus

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention will next be described in detail.
FIGs. 1A and 1B show a magnetic recording medium substrate
product of the present invention. FIG. 1A is a perspective
view showing the cut magnetic recording medium substrate
product of the present invention, and FIG. 1B is a cross-
sectional view of the substrate product. FIG. 2 is an
enlarged cross-sectional view for describing portions of
the magnetic recording medium substrate product of the
present invention of FIGs. 1A and 1B.

As shown in FIGs. 1A and 1B, the magnetic recording
medium substrate product 1 of the present invention is
formed of a doughnut-shaped disk. The ‘disk has, on its top
and bottom, main surfaces 10, on which a magnetic recording

layer is to be formed. The disk has, on its outer periphery,
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enl arged cross-sectional view for describing portions
of the nmagnetic recordi ng nmedi um substrate product of
wao b@7pemsent i nvention of FIGs. | A and | B. As BODWR0061313514
FIG. 1A and IB, the magnetic recordi ng nmedi um
substrate product 1 of the présent invention is forned
of a doughnut -shaped di sk. The disk has, on its top
agn@ubketrt 6nd waintaigr fldcesTho, doakwhieh annagﬁeCE@ter
recording layer is to be forned. The disk has, on its
poutepnperi piecy lar dutler ldndhduwhf dce delfinke ke_l,i siq hasmer
inits center portion, a circular hole 14 which is

edef knedaby an .i noﬁam@eeeaugéaﬁﬁoﬁé (Ehantered portbeas
(chanfers) 12, are formed between the main surfaces

f&gmeangetaéeﬁu%%. %EHJ§¥;r%%%e%llgAL%%d(¥HEﬁ5H€%£ end

portions chanfers) 22, are forne etween the main

es$-10,,and th poer end_sur .
SIHaRra gea 2088, St POREr UPel oS Selinrbrny 22 Saxe
ortions of the magnetic recordln nedlun1substrate
gFBGQCPGBWe?HetEFé iSMFERCESN 187 BiRGs thea e snd
FIG 2 shows an exanple in which an R surface 13
sha¥PAg dlradius of 13 to 80 nmis formed between the
mai n surface 10 and the chanfered portion (chanfer)
12. Th&.RZsusf ace el shased e cefsF-eatictdforstip priess i fuy:
generation of particles even if end surfaces of the
depbstibahg poeduchsang rhebedgwicth ca reassetitey when dhe
substrate product is stored in the
substrate product of the present invention of FIGs. 1A and

1B. FIG. 2 shows an example in which an R surface 13 having
a radius of 13 to 80 um is formed between the main surface
10 and the chamfered portion (chamfer) 12. The R surface 13
has the effect of suppressing generation of particles even
if end surfaces of the substrate product are rubbed with a
cassette when the substrate product is stored in the
cassette and conveyed during production of the magnetic
recording medium.

The substrate employed in the present invention may be
an amorphous glass substrate, a crystallized glass
substrate, a single-crystal silicon (Si) substrate, an NiP-
plated Al substrate, or an NiP-plated Al alloy substrate.
The amorphous glass substrate to be ‘émployed may be a
chemically strengthened glass substrate or a non-

strengthened glass substrate. The silicon substrate to be
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cassette and conveyed during production of the
magneti ¢ recordi ng nedium The substrate enpl oyed in
wo b@7p0msSent i nventi on may be an anor phous gl aBGT/JP2006/313514
substrate, a crystallized glass substrate, a
single-crystal silicon (Si) ssbstrate, an N Pplated Al
substrate, or an NiP-plated Al alloy substrate. The
eribo pedusa gl lassasbhibghrateity bénghploypdtahysbbsirate used
chem cal ly strengthened gl ass substrate or a
f SO NSéh LOGh hededr ghvassrsyubshr ahpur IBg-abpeaoBupybstrat eor a
to beenployed may b e a high-purity single-crystal
pSUbstyat e Used fabseepteonductor wafers, an
I mpurity-doped substrate, or a polycrystalline
substra Fi I bst:at e l.Sk-
substyBFE}Y bbby SHP RS rbebne T RudntI b Tt
supj ected to | appin or _the purpose of ,enhancing.the,
RO St orh oy anC SeREnSRORAF TR 08 aag L3 CERg too1aBBing
substrate. The lapping is generally perforned in two
fe¥ epe ppunpans of anhapping AbBpaFarlisa2CCBLBS¥qaBAt |y,
a nunmber of unit substrates are bundl ed together with
danspacenabeioguproyi dédtbhet sebatadfacerthsubzspponess
to thereby prepare a stacked-substrate body. A
geh&eall By poteotrsefiof medwbnstbpscept geant bheastaphedg
substrate, and then the inner and outer end surfaces
apbathe,st acked-substrate body are subjected to
predet er m ned

‘Subsequently, a number of unit substrates are bundled
together with a spacer being provided between adjacent
substrates, to thereby prepare a stacked-substrate body. A
circular hole is formed in the center of the stacked
substrate, and then the inner and outer end surfaces of the
stacked-substrate body are subjected to predetermined
chamfering.

Subsequently, the resultant outer and inner end
surfaces are polished with a polishing brush. In the method
for producing the magnetic recording medium substrate
product of the present invention, the aforementioned steps
(from the circular hole formation to the inner and outer
end surface polishing) are performed on the stacked-
substrate “Body in a batch process.

Finally, main surfaces on which a magnetic recording

layer is to be provided are subjected to polishing. The
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chanfering. Subsequently, the resultant outer and
i nner end surfaces are polished with a polishing

whewskoresn t he met hod for produci ng the nmagnetPCT/JP2006/313514

recordi ng medi um substrate product of the present

i nvention, the aforenentionedssteps (fromthe circul ar

hole formation to the inner and outer end surface
ppolisslhhpg)saperpermerdned awot Beéeptsackedsybst ratreth o d

y in a batch process. Finally, main surfaces on which

palimenayi stegCcerdirBfokangr skvatehbe PrOWLEREnadf §enerated
subjected to polishing . Thepolishing is perforned in

epg. | _ ' ol.L.shi S for i bt
e o ST P S G aneraPed Thr6uGR : e Sooond BO1ianing
bove-descri bed_process, and_a second polishing step
so?pf8?n$ﬁﬁm5nﬁi?rg%rgﬁffggggaESCh of the thus-polished
substrates i s conpl etely washed, and then subjected to
test PAGY PhusDSt hBURagRELSE S e SFPAItHG SREdilem
product is produced. In the nmagnetic recordi ng nmedi um
Wéab§ﬂra@@dpgbﬁacﬁpbéﬁCtﬁﬁot@aﬁﬁsbéﬁgt i Bhipe theisagngtic
accuracy of the chanfered portion (chanfer) and the
reutedinpdmednem endssuntacpsodGohvest pandlikyd.t he
finishing accuracy of such a surface has been defined

by arsuthacfataughaesscasdiegsead utnhkough rbhe Sinddst, an

nmet hod, which is a generally enployed surface
1hRYYPARE SRR UL kNG ARERQd s iHRYeY Ly LR A FRGRRL if amfered
portion (chamfer) and the outer and inner end surfaces.
Conventionally, the finishing accuracy of such a surface
has been defined by a surface roughness as measured through
the stylus method, which is a generally employed surface
roughness measuring method. However, in a magnetic
recording medium having such a conventional finishing
accuracy, a soft magnetic layer exhibits low contact
strength in the vicinity of the boundary between the
substrate main surface and the chamfered portion (chamfer),
and thus corrosion occurs in the soft magnetic layer,
leading to deterioration of electromagnetic conversion

characteristics.

Therefore, in the magnetic recording medium substrate

product of the present invention, the finishing accuracy ig""

defined by a surface roughness as measured by means of an

atomic force microscope (AFM), which enables more accurate
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recordi ng nmedi um havi ng such a conventional finishing
accuracy, a soft magnetic |ayer exhibits | ow contact
wa@eeoengteho i n the vicinity of the boundary betweenIrzoes/313514
substrate main surface and the chanfered portion
(chanfer) , and thus corrosiph occurs in the soft
magnetic | ayer, leading to deterioration of
meA peterodmygnet i ¢ conversi on characteristics
Therefore, in the magnetic recordi ng nmedi um substrate
produet abbmibefpresent ciro¥espeonpariheiki ai skivige for
accuracy is" defined by a surface roughness as
obEasH 4 BiYe MBRHSAOhe AR LM 6t FQEERrE1 6F0SRAPEUCAEM: of 2
, Whi ch” enabl es nore accuratenmeasurenment . An atomc
] LS L C rvin h .
i e i R R e e
b asuring force bet subst ances at_t atom c
1Y B SR I R K S Enitd Tl MSrobe)
(probe) having a pointed tip, and scans the surface of
hey gt ePbiFedcbhPr ofNingcehe Reeghtrfareeefi ansapple
position of the cantilever such that the atom c force
wibetweernthel tangi theeheight anditrhetsanpl erspebatéon of the
beconmes constant. The di spl acenent of the cantilever,
canhii Chevew esuaier theal tyei ataator dance wetWeen the
irregularities of the sanple surface, is detected
cdit DUhe i £ Al ahd oPna AmbasesulF8BL, baR8masChBAgEahR. The
position of the reflected laser light is detected by

displacement of the cantilever, which moves vertically in
accordance with irregularities of the sample surface, is
detected through irradiation with laser light, and a change
in position of the reflected laser light is detected by
means of a photodiode. An AFM can detect nanc-order
irregularities; i.e., microirregularities which cannot be
measured through the stylus method.

In the magnetic recording medium substrate product of
the present invention, the surface roughness (Ra) of the
aforementioned chamfer is regulated so as to fall within a
range of 4.0 A < Ra < 100 A, preferably 4.0 A < Ra < 50 A4,
as measured by means of an AFM. The lower limit of Ra; i.e.,
4.0 A, is also the processable or measurable lower limit.
When Ra is 50 A or less, no corresion occurs. However, when
Ra exceeds 50 A, the contact strength of a soft magnetic

layer is lowered, and corrosion may occur in the soft



means of a photodi ode. An AFM can detect nano-order

irregularities; i.e., mcroirregularities which cannot
wheoomwerssr ed t hrough the stylus nethod. |n theP@EO4/313514

recordi ng medi um substrate product of the present

invention, the surface roughbéss (Ra) of the

af orenenti oned chanfer is regulated so as to fal
nagndihcalagage ofhen ORA ex@®eeds 1000 A2, portesabhyid. O

A < Ra <50 A, as neasured by neans of an AFM The
ihowessihgilt DﬁkBay toeoccdr,Oahd, thasakecthemagnetic

processabl e or neasurable lower Iimt. Wen Rais 50 A

c@ﬁvé§§§®nn@hﬁ?é&@ék@@t@%§U5§e Hewevebravhen RELEXELSHS, the
0O A, the contact strength of a soft magnetic | ayer

su§ 8¥E£8§9hﬁggsc?§5&hbﬁn ycﬂgﬁ 188 %%gulated s0 as to

t magne ayer excee corrosi on

|s |ncrea5|ngly ik to occur,
5 f%l%cV%Bhﬁ@nétFén66n9§r§|QnACﬁaﬁécﬁeﬂpgtAcspéﬁéerably 4.0 A
deteriorated. Therefore, the surface roughness (Ra) of

<the chsofRs 4s heguhat@dogomasnkoofakh Wwrithin a range
of 4.0 A< Ra < 100 A, preferably 4.0 A Ra < 50 A,

as n? Sﬂﬁgdm ng%ﬁesr% OQ@lﬁFN&U?@ %?%u%%%%% IC roduct of

recor ing nme |un1substrate rese
i nvention he case, of the surface

t?%u@ﬁﬁéggt(#ﬁYEBFl?ﬂe gat &F Eh& §6FFa8§ t8er £8aM4PEq the
so_as to fall wthin a range of 4.0 A< Ra < 100 A

SRFEREF abPYIANESA LRRY 2f5HNA OuseTrnERSUFEdTRFeNdENs of
an AFM I n the case where the surface roughness of the
10 regteated so as to fall within a range of 4.0 A £ Ra < 100 A,

preferably 4.0 A < Ra £ 50 A, as measured by means of an AFM.
In the case where the surface roughness of the outer
end surface is regulated to such a minute level, when the
substrate is stored in a cassette and conveyed, the risk of
15 damage to the outer end surface can be reduced, and
problems associated with generation of particles can bé
avoided.
As shown in FIG. 2, in the magnetic recording medium
substrate product of the present invention, preferably, a
20 curved surface (R surface) having a radius of 0.01 mm or
more and 0.05 mm or less is provided at a corner portion
between the substrate main surface and the chamfer on the
outerﬂéga surface side, or at a corner portion between the

substrate main surface and the chamfer on the circular hole

25 side. The surface roughness (Ra) of the curved surface (R
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end surface is regulated to such a mnute | evel, when
the substrate is stored in a cassette and conveyed,

wao b@700k0 of damage to the outer end surface cROI/DR2006/313514
reduced, and probl ens associated with generation of
particles can be avoided. Asighown in FIG 2 , in the
magneti ¢ recordi ng nedi um substrate product of the
sprdsent isvedtsicomegprlefterdalsioy asa tourfiedd surtftace  Range of
surface) having a radius of 0.01 nmor nore and 0.05

amo Ar <l eas<i $opr Qv Q%f@&aﬁlgpmw Apar Ri;0” Bgt weengt he
substrate nmain surface and t he chanfer on the olter

mgggu?grf% m%%% gﬁgporner portion between the

rate‘marn surfac ‘the chanfer on the circul ar

hol e SI% The surface roughness (Ra) of the curved

sur f dCe ?ﬁﬁsmﬁfc SNSIE AU e NS VY HR/CY ok § yovided at
within a range of 4.0 A< Ra < 100 A, preferably 4.0
the<CranersPoxticgs hatasaredt by mehnssorfane ABND thet bdamfer,
case where such a curved surface is provided at the
wbenn&hepesubistmaliet Ve 15 tiolre dmainn as wefsaes tandiricheonveyed,
chanfer, when the substrate is stored in a cassette

taadraemvayedamta@% fioS k hef cdiaEagenido sthie W &areME reduced,
surface can be reduced, and problens associated with

aﬁ@n?E@bi@ﬂsogs%%% b%%%Sgﬁ%ﬁ %%n%%%'g%% c%h%%. ®les can be

surface roughness (Ra) surface I s regulated

a%?l édto ﬁﬁ%$0 éhé %aéggggpgh%%ss ﬁé}eg% < %ggnguaface

érably ne

is regulated so as to fall within a range of 4.0 A £ Ra <

o

100 A, preferably 4.0 A < Ra < 50 A, as measured by means of
an AFM, the contact strength of the soft magnetic layer is
enhanced, and no corrosion occurs in the soft magnetic
layer, resulting in no deterioration of electromagnetic
conversion characteristics.

As described above, when the surface roughness of the
corner portion between the main surface and the outer or

inner end surface is regulated so as to fall within a range
of 4.0 A £ Ra £ 100 A, preferably 4.0 A < Ra < 50 A, as
measured by means of an AFM, the contact strength of the
soft magnetic layer is enhanced at the corner portion
between the main surface and the outer or inner end surface,
and therefore no corrosion occurs in the soft magnetic -

layer; i.e., the resultant magnetic recording medium

substrate product exhibits remarkably preferable
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an AFM the contact strength of the soft magnetic
| ayer is enhanced, and no corrosion occurs in the soft

wore@neeicso | ayer, resulting in no deteriorati onP@Ff/JP2006/313514

el ectromagneti ¢ conversion characteristics. As

descri bed above, when the sungace roughness of the

corner portion between the main surface and the outer
cbaraoherishdlcsurface is regulated so as to fall within

a range of 4.0 A< Ra <100 A, preferably 4.0 A < Ra

< 501A thasmiBasufedrbyoeang AkdanmAkMbsthe teorattuct of
strength of the soft magnetic |ayer is enhanced at the

r th L een ' u c h r

R PR LYo & oo oarrast o hdnfless
cecurs Lpn the soft net.ic.layer; i,e. he resul t ant

(RaGneli EpeabrhRigoiaaren coplYPar o hPoibE e hibivE Taoe!
renarkabl¥ greferable .. Characteristics . In the

Oﬁa@ﬁ%tFEr e o?HFﬁ@cﬁedﬁuﬁP§56§FPaﬂé 6#68u6@98#aﬁﬁ€ SO as
present invention, preferably, the surface roughness

tORA)1bf wihkiaf er eavnti ofied . 0hAnkeRa khaOoAt el OeAd< Ra < 100
surface, or the curved surface (R surface) is also

2 r 0,a ofall _wiKhikn range.qf _4 <_Ra <
A1§g§#?£§%lg g'éak<slg% 5&%?e§érgglé %.88A§<5gaﬁé 76 A
, 10 A< Ra <50 A_, as_neasured by neans of an AFM
MRRRIT G PYpReaBScPEnad 2ol i shing method for
obt ai ni ng the magnetic recordin%,nEQiun1substrate
ishing method for

prodiegt will be described a po
obtaining the magnetic recording medium substrate product
of the present invention.

The substrate employed in the present invention is
subjected to lapping for the purpose of enhancing the form
accuracy and dimensional accuracy of the substrate.
Thereafter, a circular hole is formed in the center of the
subsﬁrate, and then the inner and outer end surfaces of the
substrate are subjected to predetermined chamfering.

Polishing of the corner portion including the chamfer
formed between the main surface and the outer or inner end
surface is carried out as shown in, for example, FIG. 3.
Specifically, polishing is performed on a stacked-substrate
body 6 formed by laminating a number of magnetic recording
medium substrates 1 via spagg;; 5.

Each spacer 5, which assumes a disk shape and has, on

its center, a circular hole 14 as in the case of the
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of the present invention. The substrate enployed in
the present invention is subjected to | apping for the
weeposwsof enhanci ng the form accuracy and di PETSR200@i13514
accuracy of the substrate. Thereafter, a circular hole
is formed in the center of the substrate, and then the
i nner and outer end surfaces of the substrate are
m3gheett edetorpiedenediimedubkambiéei hg. 1Pobirshiidgdofsuch
the corner portion including the chanfer forned
thet weled éhe parbisurffand andftbe)oBkevfothenseacends is
surface is carried out as shown in, for exanple, FIG

18catspeghbhcabl Yo BBLLENDNENI $nRBFHONBREFBRAB1Y about 0.5
st acked-substrate body 6 forned by |am nating a nunber

f efic r LNg [ S tpat 1 _vi acer
£ aBREETS i EERRCLTOCER LHLTMAE' B Fp haRreRnge S
has, on its ce?ﬁer g circulag.hole 14 as in Ehe case
COFRthenBighet T o1y eBbr tPRgMRERFGNT s BEEPF 4t BI1med L™
provi ded such that the end portion (end surface) 5a of
syhgtspaRet - 5 The IGiiarsdbrt The SRt 2 hin PROERERDLY
(preferably about 0.5 to about 2 nminward) fromthe
alepidt of - T hieo chlantier OoB mmecorTes gwrctennd 15s gfreferably
magneti c recordi ng medi um substrate 1 . The thickness
fofmé¢heosSpacestbrial psefecabtyaabontt0of theababkt@ale,
mm The spacer 5 is preferably fornmed of a materi al

seOht8s popputbehant, t B substiat Rat8UER1ASa plastic

pol yur et hane, an acrylic material, a plastic
material, or the same material as that of a polishing pad
employed in the polishing step.

In order to polish the corner portion including the
chamfer of the outer end surface, as shown in FIG. 4, the
outer periphery of the stacked-substrate body 6 is polished
with a rotatable polishing brush 7. The polishing brush 7
to be employed is preferably a tubular brush (diameter: 200
to 500 mm) formed by spirally arranging polyamide fiber
filaments, each having a diameter of 0.05 mm to 0.3 mm and
a length of 1 to 10 mm.

The outer end surface and corner portion of the
substrate is polished through the following procedure: the
tubular polishing brush 7 is pressed onto the outer
périphery of the stacked-substrate body 6; and, while” a
polishing liquid is supplied to the contact surface between

the outer periphery of the stacked-substrate body 6 and the
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material, or the same material as that of a polishing
pad enployed in the polishing step. In order to polish
W0 b@7oaiser portion including the chanfer of tPeT/orRer313514
end surface, as shown in FIG 4 , the outer periphery
of the stacked-substrate bodyp6 is polished with a
rotatabl e polishing brush 7 . The polishing brush 7 to
pdkishphgyedusk pPyetbeabtycactiububarrbhteshofdi @neketrotated
200 to 500 nm forned by spirally arrangi ng pol yam de

af i desuti banephs, agachnbavipglardpbameken nef b@u8h MMiko
0.3 mmand a length of 1 to 10 nm The outer end

rpo%lgﬁeﬁépﬁ?gggﬂ??%gggokﬁeuef1t69059 ALGAt g H%rectﬁ n

ow ng procedure: the tubu

°$%%€i”?agﬁﬁ%?sZEL?P§I§§%§%§8” o2 et B, 88 X

ol i.shi ng I|guid IS sup pi to the cont act surface
NPBthedR £RE SOYRr VBEFLpRELY - of TRHR RehtRRURGubStPeEEormed
body 6 and thepolishing brush 7 , the

suelackedt sthst Farecbor9reips ist ategoatrfabsghed0osppas to
and the tubul ar polishing brush 7 is rotated at about

atf0Pih 02 abaufade008ugpALEs ard)r egt uQn Apposkte toot Aat
of the stacked substrate body 6 and is nmoved up and

Thi s <P b hi n s_perfqornmed such that
o{ACETR b T pbr b Sk o<hid By - FEnTEREACEY BY POSGPtafnen ARN
a surface roughness (Ra) of 4.0 A< Ra < 100 A,
ipraef el aphyfdeDdAcE Raew.50 A , as neasured by neans of
an AFM
In order to polish the corner portion including the
chamfer of the inner end surface, as shown in FIG. 5,
polishing is performed with a rotatable brush 17 which is
inserted into an inner hole 14 of the stacked-substrate
body 6 formed by laminating the magnetic recording medium
substrates 1 via the spacers. This inner-hole polishing is

also performed such that the corner portion is mirror-

finished so as to attain a surface roughness (Ra) of 4.0 A
< Ra £ 100 A, preferably 4.0 A < Ra < 50 A, as measured by

means of an AFM in a 10 um field of view.

The polishing accuracy is controlled by appropriately
determining, for example, the material, diameter, hardness,
and length of the brush to‘be employed, the type,dgi;ticle
size, and concentration of the polishing material L; be
employed, the brush pressing pressure, the rotation speed

of the brush, the vertical movement speed of the brush, and



inal0 nmmfield of view In order to polish the

corner portion including the chanfer of the inner end
waaewso as shown in FIG 5, polishing is pepd¢Direeaeh/313514

with a rotatable brush 17 which is inserted into an

i nner hole 14 of the stackedz3ubstrate body 6 forned

by | am nating the nmagnetic recordi ng nedi um substrates
thevriatehaospapers. ofhithei sieckkd-eupsiticeftiendpoidy .al so

performed such that the corner portion is

m rr onf thieskheades whas et @naft aur fa ceurifage avddginésstween the

(Ra) of 4.0 A< Ra < 100 A, preferably 4.0 A< Ra <

chfmfer asdmeasunednbyurgans Qba2R AbMrieed 10 mMifchelxd
of view. The polishing accuracy is controlled by

RéE’PE' %ggx det epniai @gmtegr %p@n@hﬁvattﬁgeﬁ%% il of the

aneter ardness and I'engt’h of the brus

npl t he Ly icle size oncentr t|on
5 %uifﬁgcsoh o e N T I
pressi ng pressure, the rotation speed of the brush
t he %)értglﬁégl hegedRent (h5eSY TSR URE BRGLHS Ridihe K
rotati on speed of the stacked-substrate body. In the
senbecefiete ahtRisgdf acefpslprevi doel deoweehnt HEG. 6, the
chanfer and the main surface (data surface) on which a
poaghneat cwhagkr ai $ihe bettodied, frbe thevaubserbadi nsin
of the R surface is preferably formed to be 0.01 to

s@rP5caM(dASaused rheeei HevibhesCcHrvat uhe p@@lfgge%utr% of
R surface" is obtained as follows. As shown in FIG

10 the!8€bstrate surface is named point A. The points on the
substrate surface which are located 10 pum away from point A
in opposite directions are named points B and C. “The
curvature radius of the R surface” is the radius of a
circle which passes through these points A, B, and C

15 (hereinafter the curvature radius may be referred to as
“the R surface curvature radius”).

A magnetic layer is formed on the surface of the non-
magnetic substrate which has been processed so as to attain
the aforementioned surface roughness. The magnetic layer

20 may be a longitudinal magnetic recording layer or a
perpendicular magnetic recording layer. In the case where a
perpendicular magnetic recording layer is formed, the
present invention exhibftgfparticularly remarkable effects.
Such a magnetic recording layer is preferably formed of an

25 alloy containing Co as a predominant component.
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point at which a line extending fromthe substrate
mai n surface (data surface) deviates fromthe profile
W@ 7m0 t he substrate surface i s naned poi ntPET/JP206E313514
poi nts on the substrate surface which are | ocated 10
mm away from point A in oppo82te directions are naned
points B and C. "The curvature radius of the R
sur f Bee"eksmphe, r adimagnetig cecerdinhi éhypasfes a
t hrough these points A, B, and C (hereinafter the
longvatdieat adagsetrhy becpetiengedetibuasmayhbaResar madei-
curvature radius") . A magnetic layer is forned on the

1sV&fagerottthe nAB1UBAAEt hCnsdbabiateivhtehohasndbeeyer
processed so as to attain the aforenenti oned surface

aﬁ&“&hP@fﬁomJ%ﬁgE?@”éBb?Pk@Xegag§¥.be a | ongitudi na

magnetic rec I ng |l ayer or rpendi cul ar nmagnetic
reco q%ng Ig%err Eg tge case wher e a Ee& en Lcuhar
magni e eEbFAFREOFAYEe ReTPer S BPac L
i nvention exhibit's" particularly remarkable effects.
MEGRAC 4 B ret L1 P eBEFd R P Ay B8R VP s 2 plEL 1 abPy SF oFfrECture
~of an all oy containin%.Cb as a predom nant
icohpdheanta Feefexapphelia haynst fernedopdi ngorapapmpoe, a
a longi tudi nal magnetic recordi ng nedium may have a
sofit tmadageic sétloyusechnekudnnged@onahlomgret gc , CEMBOB,
under| ayer and a ferronmagnetic CoCrPtTa | ayer. A
rERgeER | Cre@epr (i pgchaysr, ber racperpendi cuharemragaet b¢

recordi ng medi um may have a multi-layer structure

(e.g., FeTaN or FeTaC), or a Co alloy (e.g., CoTaZ%r, CoZrNB,
or CoB); an orientation-regulating film formed of, for
example, Pt, Pd, NiCr, or NiFeCr; an intermediate film
formed of, for example, Ru (which is provided if
necessary); and a magnetic layer formed of a 60Co-15Cr-15Pt
alloy or a 70Co-5Cr-15Pt-10S1i0, alloy.

The thickneés of the magnetic recording layer is
regulated to 3 nm or more and 20 nm or less, preferably 5
nm or more and 15 nm or less. The thickness of the magnetic
recording léyer may be appropriately predetermined in
accordance with the type of a magnetic alloy to be employed

and the multi-layer structure to be formed, so long as a

sufficient head input/output performance is attained. 1In

-w=general, a magnetic layer is required to have a thickness

of a certain level or more in order to attain an output of

a predetermined level or more during reproduction, and
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including a soft magnetic layer fornmed of, for
exanpl e, a soft nmagnetic alloy such as an FeCo all oy
W@ 2009/00765eCoB, FeCoSi B, FeCoZr, FeCoZrB, or FeRoiE@ny313514
, an FeTa alloy (e.g., FeTaN or FeTaC), or a Co alloy
(e.g., CoTaZr, CoZrNB, or CoB} ; an
orientation-regulating filmfornmed of, for exanple,
p@ran@der i Cepreosenk Fodr reanrdhngr negradactiibm f or ned
of, for exanple, Ru (which is provided if necessary) ;
cleathatspypei s hayercfioceadinf aac60€antECwithPunaliheyease
or a 70Co-5Cr-15Pt-10Si O 2 alloy. The thickness of the
ieghebh€. reaRndng-d avele i h1 ML & sl tond MayREL TBr e
and 20 nmor |ess, preferably 5 nmor nore and 15 nm
T ' e gpet i hn er
rflotaEty Lot ESFUBE BaaplBclRdns, af SRET R0 iRy
t he e of a _magnetic alloy to be enployed.and the
it EEEapern e PR P ere e el pofraa s SBRERg 1ge Teeed as 2
sufficient head input/output performance i s attained.
thpn . film thepegh 3 RRYReERe Vaper fsPpegtiredtechRagse
a thickness of a certain |level or nore in order to
sathais apubtepungof vacpredeeppaihédn) edeposi tipne in
during reproduction, andparaneters representing
atecopheng/ sepy oducyaenfibhar aptietestihgs are reduced in
accordance with an increase in output. Therefore, the

thi ckngsstettrihe ﬂagﬁengﬁe&eggr doRficbayer thestsul€ace of
regul ated to an optimal [level. The magnetic recording

tﬁ@yﬁégﬁétggnfé§££di£8rﬂ§9e§$ he protective film layer may

be formed‘of a generally employed protective film layer
material; for example, a carbonaceous material such as
carbon (C), hydrocarbon (HxC), carbon nitride (CN),
amorphous carbon, or silicon carbide (SiC); SiOz; Zr;03; or
TiN. The protective film layer may be formed of two or more
layers.

The thickness of the protective film layer must be
regulated to less than 10 nm. This is because when the
thickness of the protective film layer exceeds 10 nm, .the
distance between a magnetic head and the magnetic layer
becomes wide, and thus sufficiently high input/output
signals fail to be attained.

The protective film layer is generally fdrﬁed through
sputtering.

Preferably, a lubrication layer is formed on the
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thin filmthrough a physical vapor deposition
t echni que such as sputtering, vacuum deposition,

waeleosdteson i n at nosphere gas, or gas fl ow spupCEIR2005/313514

A protective filmlayer is formed on the surface of

t he magnetic recording |ayer24The protective film

| ayer may be forned of a generally enpl oyed protective
pfotactayer fimamedbgky . f dExaxahet eof atltar bamateans employed

mat eri al such as carbon (C) , hydrocarbon (HxC) ,

f6ar befmphyr tde (GBricadmehphaysrcanbondeot Filhioeahe-
carbide (SIC) ; SIC; Z O; or TiN The protective

cEht N1 h NS 1BY 1 Bent Or HBHyAloEWRLEH -BBRE 2k RY 8ES 1ub®ant,
thi cknesS of the protective filmlayer nust be

L equl % an 40 n This 1s. b e h
d I RLEE LR FREEEbE oot et Tt S ReE Y e e Sy

t he gista ce between a magnetic _head and the magnetic
£pH)e bRcBEs & HoLCKAGSERES SuFF &i BRtly hi gh

input/outgut signals fail to be attained. The .

prot EEEivé BhPims| &per crsfasnaraiop Pir e MRMISEEH C

sputtering. Preferably, a lubrication layer is fornmed
recotrtepgosedt reprbdhmihgyeppaEranpl e$ thet beekebrti cant

enpl oyed for formng the lubrication layer include a
ihv&ot i BRCOMEEE Mdghd i | Cadbrd BndydiQCasPoddeoONh @i abPdratus

| ubricant, nd a mxture thereof. The lubrication layer
sbhSogepREablb¥sent invention includes the aforementioned
magnetic recording medium 30 of the present invention; a
medium-driving section 26 which drives the magnetic
recording medium in a recording direction; a magnetic head
27 having a recording unit and a reproduction unit; a head-
driving section 28 which drives the magnetic head 27
relative to the magnetic recording medium 30; and a
recorded/reproduced-signal-processing system 29
incorporating recorded/reproduced-signal-processing means
for inputting signals into the magnetic head 27 and for
reproducing signals output from the magnetic head 27. The
magnetic recording and reproducing apparatus, which
incorporates these components, can attain high recording
density.

In the magnetiCﬁfecording medium employed in the

magnetic recording and reproducing apparatus of the present

invention, the wvicinities of the outer periphery and the
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formed to have a thickness of 1 to 4 nm FIG 7 shows
the configuration of the magnetic recordi ng and
WO e@roaiest ng apparatus of the present inventi oPCT/II606/313514
magneti ¢ recordi ng and reproduci ng apparatus 40 of the
present invention includes the aforenenti oned nagnetic
recordi ng nedium 30 of the present invention; a
immeelr unedei vEnghsestibehragewhireh fdnievgs pphe simegnenidc
recording mediumin a recording direction; a magnetic
fhebeh@d. hand dgr & @Yy chigh Wbt ace et fepsolucs i ®htained
unit; a headdriving section 2 8 which drives the
b&BGEeh | enbeadn3d?rhebabhvethe &Bgngﬁgee&b%o&a%@dmaaium
medi um 30; and a recorded/ reproduced-si gnal - processi ng
lg%é%Eﬂéé? £Hﬁgr88rggkggsi n_occurs. in the magnetic
recof ded/ r éproduce -S|gnaP-proceSS|ng reans >For
i nputting signals_into the neti,c hea 7 and for
= R RS e B dr i ho: SRS FFORS: hE RAgHerre THead ", of

The magnetic recordi ng and reproduci ng appar at us,
e%@ﬁ%ﬁomﬁﬁﬁﬁﬁéFa?@@vﬁﬁéé@nc6Hﬁ6ﬁ6ﬁ?§}sgéﬁ5att%h%r%$@her the

recording density. In the magnetic. T ecordi ng nmedi um
magpe oyedrénordéngagnet krepredordhpggappd reépsodadinhgins

apparatus of the present invention, the vicinities of
réhealold epepeoirphacy andrt Ael angr pbeledobrt hemsubstrate

are finely polished and finished. Accordingly, high
(ERahgceésstrength is attained between the substrate and

t he magnetic recordi ng nmedi um

There were employed glass substrates (amorphous glass
substrates and crystallized glass substrates) and silicon
substrates (single-crystal silicon substrates for
semiconductors). Each substrate was processed to have an
outer diameter of 48 mm, an inner diameter of 12 mm, and a
thickness of 0.508 mm, and then washed.

The substrate samples were formed into a stacked layer
body as shown in FIG. 3, and then subjected to brush
polishing through the method as shown in FIGs. 4 and 5, to
thereby prepare magnetic recording medium substrate
products in which the surface roughness (Ra) of the chamfer
was regulated to 4.0 A or more and 100 A or less as
measured by means of an AFM, the surface roughness (Ra) of
the outer or inner end surface was regulated to 4.0 A or
more and 100 A or less, and the R surface curvature was

regulated to 0.0l mm or more and 0.07 mm or less.



| ayer, and thus no corrosion occurs in the magnetic
recordi ng nedium |l ayer, resulting in no deterioration
w@bBoogloerssr onagnet i ¢ conver si on charact eri sti cSPCT/JP2006/313514
Therefore, the magnetic recordi ng and reproduci ng
apparatus mai ntains reliabl e2performance over a | ong
period of tinme. (Exanples) There were enpl oyed gl ass
substrbteguéanibypheashgbdsshsubdtsapespamdd substrate
crystallized glass substrates) and silicon substrates

ptodngt e-wayspahcstl iaon subst Farration seahberduet ar s
Each substrate was processed to have an outer

diAEBLSE 9buABelMgaBpbaDet L di i of d
nebAERESh ShutBely gm%]pbgngﬁltlﬁeﬁﬁev\gghed piedl¥L BRARELA),

S e n d [ homn
AR ey féﬁﬁlgﬁga%éﬁf Baves BrASReSR SA Agteca
t hrough the net hod as shomn |n FIGs. 4 and 5, to
5 VRReYBLYL pt epat@ nignet TeeFeebiear ngorelhansybpsraieeproduct
products in which the surface roughness (Ra) of the
wehafidenedas sefitl abgdet bcdufdArdeyeer énanddifg Aher
| ess as nmeasured by neans of an AFM the surface

fooughnesstifay ef 1tBe QubeftohafnBer cend1maurbacanyass
regulated to 4.0 A or nore and 100 A or |ess, and the

96%§U£i§3€NEU(d§tHBHt$ﬁ§ rgﬁuééiedzkocgn@%ngﬁgﬁraﬁ@[er

.07 mmor |ess.Subsequently, each o

@Jgggr%gr epaLed) SUBR! Ll 81 PLOPHCE SRS BhACET b 1 (Bb! ik

10 90Co-4Zr-6Nb (Co content: 90 at%, Zr content: 4 at$%, Nb
content: 6 at%). During the layer formation, the substrate
was not heated, and a magnetic field was applied to the
substrate in a radial direction (from the outer periphery
toward the inner periphery).

15 Subsequently, an Ru orientation-regulating film (20
nm) and a 66Co-8Cr-18Pt-8Si0; perpendicular magnetic
recording layer (12 nm) were formed.

Subsequently, an amorphous carbon protective film (4
nm) was formed through CVD.

20 Subsequently, a perfluoropolyether lubrication film
was formed through dipping, to thereby yield a magnetic
recording medium.

(Comparative Examples 1 through 19)

The procedure of the Examples was repeated, except

25 that the substrate was not subjected to polishing (e.g.,
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magnetron sputtering apparatus (C 3010, product of
ANELVA) , and the filmformation chanber was evacuated
W 200a00msn a vacuum of 1 x 10~5 Pa. Ther eaft erPCDIPHNE313514
substrate product was forned a soft nagnetic
underl ayer including the folbowing three filns: a soft
magnetic film (50 nn) of 90Co-4Zr-6Nb (Co content: 90
batsh Brltehirgt of4theYenNbsoafitert);, 6rat¥e sudstRate was
film (0.8 nm , and a film (50 nn) of 90Co-4Zr-6No (Co
sappkentd 960 pb¥isBhingoBuent thatat¥e Morgerkertcughnis¥ of
During the layer formation, the substrate was not

tH@ahﬁgmféB_dwésr@ggﬁ‘iia%eﬁi ebd1was AapRl kedet @t R asured by
substrate in a radial direction (fromthe outer

Lphery. t rd el r._per| [ . e ntly,
R e e e i o e T
,66Co- 8Cr,- 18Pt - 8Si g2 per pendi cul ar gretic recordin
1 RA5E, S Ry > BIP oL P L8R Be EQuBAPL . CEn o pHEGS the R

carbon protective film(4_nm was fornmed through CVD
seybacqueREV§tugepBprf FaoiopdEgetref - PdbEc 8t e lamd 0.04

was formed through dipping, to thereby yield a
mmaghnel eesy etor dhagebwdydmld( Gompaneatiive rExanplies iedium.

t hrough 19) The procedure of the Exanples was

(epeps el 1 excBpamp bat pbetBubsghate)was not subjected

to polishing (e.g., brush polishing of the end surface)

, OrrbRecsHpsiidbg Wa%h the case of a longitudinal
magnetic recording medium, a conventional substrate whose

outer end surface had not undergone brush polishing was
heated to attain a surface temperature of 170°C by means of
a DC magnetron sputtering apparatus, and then a Cr50-Ti
alloy film (200 A), an Ni50-Al alloy film (100 A), a Cr20-
Ti alloy film (50 A), and a Col3-Cré6-Pt3-B alloy film (30
A) were formed on the thus-heated substrate, to thereby
yield a magnetic recording medium.

Each of the thus-obtained magnetic recording media of
the Examples and the Comparative Examples was evaluated in
terms of surface roughness of the substrate outer end
surface, R surface curvature, and SNR characteristics (i.e.,
recording and reproduction characteristics). The presence
or absence of fflﬁ”exfoliation was confirmed in the
vicinity of the main surface and the chamfer, and the

number of exfoliated portions was counted.



subj ected to polishing such that the surface roughness

of the chanfer was regulated to 100 A or nore as
wore@3nemes by nmeans of an AFM the surface roughtESR0G{313514

the outer or inner end surface was regulated to 100 A

or nore, and the R surface cpgvature was regulated to

0.01 mmor nore and 0.04 mmor less, to thereby yield
[Bvabgaeibg ©Lceondfage medignhefSoppanamive Exanpl es 20

t hrough 22) For conparison with the case of a

Iong@hgdgaﬁétﬂageeghgfaeeo&ghgangggiwﬁh)awagné@@nha@@b by
substrate whose outer end surface had not undergone

h_pol i shi-ng e 0, a
niiE co ot o ol 44 Ee gy thatobeoptitkh Tt A lrured by
Sputtering apparatys, and.then a 50-Ti_alloy film
VoS HSRRNRIB0- AN THETTT i LIRS IRy SEnRe was
alloy film(50 A), and a Col 3-Cr b-Pt3-B alloy film
5 penfomngdyerdet ofhedfohlpHenghGenAehi€BSsubstrate, to
thereby yield a magnetic recordi ng nedium Each of the
Prdivs: obl hiced sbgpeei cryetoldpngbaedPaNGH-LA¥ Exanpl es
and the Conparative Exanples was eval uated in terns of

(samdacesspsgphness of the substrate outer end surface,
R surface curvature, and SNR characteristics (i.e.,

1 ££8r dkng; and {gpﬁﬁduction characteristics) . The
presence or absence of filmexfoliation was confirned

. inthe vicinity of the nmain surface and the chanfer
Pyl t pamber: 256 x 256 data points,

10 Scan mode: tapping mode,

Scan rate: 1 pm/sec
Measurement environment: at room temperature in the
atmosphere
Data processing: usiﬁg “NanoScope ver5.30r2”.
15 [Measurement of R surface curvature]

The R surface curvature waé measured through the
method as sﬁown in FIG. 6 by means of Contracer CV-L400
(product omeitutéyo Corporation). The measurement was
performed under the following conditions.

20 Range: 1 mm
Speed: 0.02 mm/sec,
Pitch: 0.002 mm,
[Evaluation of perpendicular magnetic re;ording medium]
Recording and reproduction characteristics were

25 evaluated by means of read/write analyzer RWA1632 and spin
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nunber of exfoliated portions was counted. [ Eval uation
of surface roughness by AFM The substrate surface

wOo owghesses (Ra) was eval uated by neans of an AFMY/ERR00cH3514

(NanoScopel I I @) manuf actured by Veeco Instrunment. The
surface roughness neasurenentowas performnmed under the
follow ng conditions: Probe: silicon single crystal
sproBe 5 1DONTH | (@Y odNarnes erfs GUSIK i @ )of view 10 nm
Pi xel nunber: 256 x 256 data points, Scan node:

t appilng orcide, tSCavalaite kavvieBhdveasinei@iiduction
environnent: at roomtenperature in the atnosphere

cRatacheeeass Ry s NG s" NRRRICRRE L3 2F a mﬁgnetic
[ Measurenent of R surface curvature] The R surfac

t th .sh i
nEH TS, S5 MR Facr Uy ERoT (BrsasrTor Sy an
R SRR anaP R ot ge). #iom oot oo el
mm sec, Pitch: 0.002 mm [Eval uation of perpendicul ar
drBghEYi d rPEesFdRAg freaigRTy) of 1,000 kECI.

[Evaluation of film exfoliation caused by corrosion]

Each of the magnetic recording media obtained in the
Examples and the Comparative Examples was placed in an oven -
(temperature: 70°C, humidity: 80%) for 240 hours.
Thereafter, each of the magnetic recording media was taken
out from.the oven, and the vicinity of the boundary between
the data surface and outer end surfaée of each of the
magnetic recording media was observed under a microséope at
a magnification of 240. The presence or absence of film
exfoliafion caused by corrosion was confirmed at the
boundary région between the chamfer'and the data surface,
and the number of exfoliated portion§_was_coun£ed.

The evaluation results are shown in Tables 1 and 2.



Recordi ng and reproduction characteristics were

eval uated by neans of read/wite anal yzer RM1632 and
wapionsoemsd S1701MP (products of GUZIK (US) ). Par/arder313514

to evaluate recordi ng and reproduction

characteristics, SNR was neaggred by neans of a

magneti ¢ head |nclud|ng a single magnetic pole

(recoadisglunit) and a GWR el enent (reproduction unit)

at a track-recording density (recording freguency) of

000 kFC—TE caused by
corrgsion] Eagh gof | t@enqugegkg‘gﬁgng\qg di a
obtaznedln%msﬁxﬁrmlue&opﬂ aﬁaﬁw Exanpl es
was placed i n]an"oven (tepperaturp 0¢,™ U dity:
80% for 240 hours Therenfjer enrh of _thel magnetic
recogdhng red]a was taken out fro the oven, and the
Vi gigi by oﬁiP he boundar |betmeen the dng:surface and
ourep End §UE dce of “eachy of th nagné?lc riecor di ng
nmedi 3 %as @Sprved under n1crosuope at a
_rraglllllbalIUIl of—270" e of film
E"f\%"—"a“"”CES’@?&%&%%@@E%%SM e
u ryﬂfeg S8 31y data
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a perpendi cul ar

magneti ¢ recordi ng nedi um enpl oyi ng the nagnetic
wo ewondicny nmedi um substrate product of the preRB&nIP2006/313514

K) U)As is clear fromthese results,

i nventi on has no occurrence of filmexfoliation caused

hi gh

. e.
magneti c recordi ng

and exhi bits hggh SNR (i

In the | ongitudinal
medi um by virtue of the nature of the enployed thin

fil mpabiél ;o exfoliation caused by corrosion did not

per f or mance).

by corrosion,

9[88)1 11
0 120°0 12070 £82'1 668'T 125’7 €eS'T [e3sAID rdé
- e -3jbuis wnipaw
paisesy | SO0 O€c sseb
Bon 0 [°g00S P k00 818'T oor'e | tere | eo0r || T | Dupied
bt m Lo SEC P w_m_mwc D [eutpnybuon
o N . 1 1
< 0 o S|° Hao— | o0 b/ 000'T 8021 286 |cnoudioury] 0%
- ———— vt T e e e e e e
L @1 L ER Eio 190°0 8¢ Sb (14 L0T uool|is 6T
D — O u— O o © — o [2IsAID
= gl -2 5|2 %epg B-Iroo 9 ss S0T 80T -ajBuIS 81
E el ol 2 8 5 ofs 8005 b <1900 6 b 0ct 50T ssep | 2T
Cueg sk 8= S samS | 500 L9 8 44! ozt |pemyeshin] o1
-$WIIII B W & & N _§N_ _§N _§_ _§N _§ _§_ _§N_ _§k__§B _& _§N 8 _§N &8 &% B _§N N N B 5 N B | ]
il 75" - b “re00 £/ o/ TIT 90T sse|p ot
ook Bg J2Rent eo | ss | 66 | sor | om_ feoudowy] r
= 5 < 10071 uool|is
Sk 85 |5 000g 00°0 616 Sb/'T €661 1181 I €1
L3S s ® " 212 &2 E ssooo 529 9/ 129 /8 [e3sAI0 14
Q" O 0 © +—, . -
SR oGP QRS QD 00T g vooo | esc | est | esc | 86T ) PIOUS | TT [ g -dwop
L' ~ @ O._|= 80G0 8000 €1ee 00€'¢ €1¢7c Q9L'C 0T
< -k C - SoOPp.— . sse|b
MU S E otsc o ST [ ‘000 sep X4 6L€ % |ooesin] 6
D A QR 0 Dlg Addo fosrooo | eer | sst | sz f st T8
%mw,,@mﬁi. —F 5000 6ECT 000'T €/8 86 /
 C .
' .w.t chomo 5000 95 00§ €9/ £/9 9
t tidoposke o 7000 /82 002 £33 /82 el S
2 P83 c S6000 861 0zt 661 vST foudiowy|  ©
L sA-LP58§,8 LE00 Tve 005 oSb 65t £
1 —_ . — ‘
Pshed- ol D200 95T 007 €62 1443 4
N B >k GO - Z£20°0 5z€ 05T 861 ZET T
R e T e "
©» _°P2ES C ) () ()
SO0 D mc.l L o ssauybnoi | sseuybnol | epsiew
© © fo uqhied = &njeand ssauybnos | ssauybnot |~ e e | obesone ; ‘ON
= m__,m S |-ugogis> obesoAe obesoAe elensans
Rl olie] Wi n ®oeuns : Joyueyy | ssyweyp
©COER SUWld o et g o0 SOBHNS S28lIns Jauug 120
Ow © 0N = O Ll pus Jauul | pue 18I0




10

15

20

25

generated at the outer periphery and the corroded

portion is deposited onto the surface of the
wheado@le®d M5 1 . A magnetic recordi ng nedi um sSPOBIR2006313514

product conprising a disk-shaped non-nmagnetic

substrate which conprises: (Bp a circular hole in a

center portion thereof; (2) a main surface on which a

magnési és| gyerr $ros s efssr mEGULt3) &an reyrenddmhilar

surface; (4) an inner end surface defining the
magneuﬁarrbobediagdmeﬁﬁum.eh@ﬁbgdnhomhedmagdaﬁﬂd re®rding

of a first portion between the nain surface and the

medtieh efHssuptacprandctd SECERd pekkiedRt hetween dnhas no
mai n surface and the i nner end surface, wherein the

oEEﬁﬁ@ﬁcQaéfaf_sL?dfnf %S&%o&‘i‘é%ﬁ%%s%a(@%)j Egj lloRg S5t N o8 g

range of 4. as neasured by neans of an
t| reco |un1sub trate product
egg%%%glnglgga%ﬂﬁ & @.ﬁeF%er%ég i'c recording

medi um substrate erpendlcular magnetic recordi ng
nediﬂﬁmggﬁshpgﬂétPgﬂnﬁﬁo NEE & pEPERdGumgdium, by

magneti c recordi ng medi um 3 . /A magnetic recording
visEPanPSubber BREUBLoc thac eaPdPNgdt 6hdnaifmlms, film

wherei n the perpendi cul ar magnetic recording
exfoliation caused by corrosion did not occur.

INDUSTRIAL APPLICABILITY

When a chamfer is formed so as to attain such a small
surface roughness, contact strength between the chamfer and
a soft magnetic layer is enhanced, and occurrence of
corrosion in the soft magnetic layer can be suppressed.
Therefore, the resultant magnetic recording medium exhibits
no deterioration of electromagnetic conversion
characteristics. As a result, there can be effectively
resolved problems that conventionally arise, including
reading error due to SNR reduction at the outer periphery
‘of a magnetic recording medium, and erasure failure of
adjacent signals due to sidé writing caused by unstable
flying of a magnetic head, which unstable flying occurs
when the head flies in the vicinity-of a corroded portion
generated at the outer periphery and the corroded portion

is deposited onto the surface of the head.



10

15

20

25

medi mcnprises a soft magnetic underlayer. 4. A
magneti ¢ recordi ng nedi um substrate product accordi ng

W@ o00Tioeticne 3 , wherein the soft magnetic PCT/JP2006/313514

under | ayerconpri ses an alloy containing Fe or Co. 5 .

A magnetic recordi ng nmedi um @bstrate product

according to CGaiml , wherein the chanfer has a

surface roughness (Ra) fal lGLAGM& thin a range of 4.0 A

< Ra < 50 A as neasured by neans of an AFM 6 . A
lragnebigaetecordicog diedi wreds s isuiise Harted weito RREOIHiMir i sing
to daiml1l , wherein the outer end surface has a
Sl)e[fcﬁ@é?klé}v%@@%oﬁ% hét i Engumkt hhPe 8y aBge i Qe é:

< Ra < 100 as neasur%d by nea}}r%%{:%% an A%IK\J/IH %%p%lgeé'
magnetd c.& ] dj S t C ordin

fod & e e (K Rt R Sebt Pty ggeger

surf.ace roughnes Ra) falling within a range of 4.0 A
S R S o By et S A ar Che S e
magneti ¢ recordi ng medi um substrate product according

t F™EM 1 , further conprising a curved surface (R
surface) forned at a corner portion between the main
sul¥lace eant-etheewhagdefaceherein the curved surface

has a surface roughness (Ra) falling within a range of

4. (1)A an Ranree 15021l asunease!r &@sif hyi ma atise of i Beu M h8le; and
A magnetic recordi ng nmedi um substrate product

ac@)r & Nehdnr G afdirded ANEISL Sk thee i pnes ndsSUSEACEn
has a surfacg

between the main surface and the outer end surface and a
second portion between the main surface and the inner end

surface,

wherein the chamfer has a surface roughness (Ra) falling

within a range of 4.0 A < Ra < 100 A as measured by means

of an AFM.

2. A magnetic recording medium substrate product according

to Claim 1, wherein the magnetic recording medium
substrate is a perpendicular magnetic recording medium
substrate for producing a perpendicular magnetic

recording medium.

3. A magnetic recording medium substrate product according

to Claim 2, wherein the perpendicular magnetic recording

medium Edmprises a soft magnetic underlayer.

4. A magnetic recording medium substrate product according

to Claim 3, wherein the soft magnetic underlayer



roughness (Ra) falling within a range of 4.0 A < Ra <
100 A as neasured by neans of an AFM 10. A magnetic
w0 e@ondichy nmedi um substrate product accor di ngt BCTR006/313514
, Wherein the non-magnetic substrate is fornmed of any
of anorphous gl ass, crystall 8zed gl ass, silicon, and
al um num 11. A nagnetic recordi ng nedium conprising a
MERRTR 1 I6S e 2 coT i hip yrech e Sbsy r B¢ eopr@duct accordi ng
to any one of Clainms 1 to 10, and a perpendi cul ar
Smagngtiaetecordcogdirdi madliayesuds taate pradiacedfording
the substrate product. 12 . A magnetic recording and

r ey QeiuGin G AR AL LS COOTEN ShAGr an AR 0N hEr58£0LGhfBness
medi um according to C aim 11.

(Ra) falling within a range of 4.0 A < Ra < 50 A as
5 measured by means of an AFM.
6. A magnetic recording medium substrate product according

to Claim 1, wherein the outer end surface has a surface

roughness (Ra) falling within a range of 4.0 A < Ra £ 100
A as measured by means of an AFM.

10 7. A magnetic recording medium substrate product according

to Claim 6, wherein the outer end surface has a surface

roughness (Ra) falling within a range of 4.0 A < Ra £ 50
A as measured by means of an AFM.
8. A magnetic recording medium substrate product according
15 to Claim 1, further comprising a curved surface (R

surface) formed at a corner portion between the main

surface and the chamfer, wherein the curved surface has a
surface roughness (Ra) falling within a range of 4.0 A <

Ra < 50 A as measured by means of an AFM.
20 9. A magnetic recording medium substrate product according

to Claim 1, wherein the inner end surface has a surface

roughness (Ra) falling within a range of 4.0 A < Ra <,100

o

A as measured by means of an AFM.

10. A magnetic recording medium substrate product according
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to Claim 1, wherein the non-magnetic substrate i1s formed
of any of amorphous glass, crystallized glass, silicon,
and aluminum.

11. A magnetic recording medium comprising a magnetic
recording medium substrate product according to any one
of Claims 1 to 10, and a perpendicular magnetic recording
medium layer on a main surface of the substrate product.

12. A magnetic recording and reproducing apparatus

comprising a magnetic recording medium according to Claim

11.



