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DESCRI PTI ON MAGNETI C DI SK SUBSTRATEAND MAGNETI C
RECORDI NG MEDI UM THEREOF TECHNI CAL FI ELD The present
WO pooensdson rel ates to a magnetic di sk substrat BCT/ardo@324297
magneti ¢ recordi ng medi um usi ng the sane. Mre
specifically, the present invention relates to a
magneti ¢ di sk substrate whi ch can achi eve a magnetic
recordi ng medi um whi ch OFDSIRIBTI@Mdi ng and writing
that is conpatible with high recording density. This
application clains the priority benefit of Japanese
Pat ent Application No. 2005-361719, filed Decenber 15,
200AGNRBUIC DESRISUBSTRATRAKD MAGNETE: RECORBINGMEDIUM
Application No. 60/752,394, filed on Decenber 22, _
2005, the contents of “hifﬁEﬁﬁﬁﬁ ncor por ated herein by
reference. BCKGROUND ART I n recent years, nuch higher
recording density is expected in nmagnetic disks. In
order to nmeet this requirenment, extensive studi es have
been made on the surface toRgaga q§)of the substrate
used in magnetic di skd EGERN ﬁﬁi J patent docunent 1
proposes a condition in which the anplitude of the
sur The epresent neemtioh ralatesyt- laemggheticr diskOsubstratet @nd. &) magnetic
mmis made 50 nmor |ess, and the surface roughness is
re¢rdingireelitng Usthgthe simie.t OMéredpecidicallyRIReC preddht Mechtod telates to a
nm Al so, patent docunment 2, for exanple, proposes a
miBeAeUisk dbstkatd WhMA @R agﬁi%v@b GhpneYd ARSI mef®m which enables

surface has a cycle of
reading and writing that is compatible with high recording density.

This application claims the priority benefit of Japanese Patent Application No.

- 2005-361719, filed December 15, 2005, and the priority benefit of U.S. Provisional

Application No. 60/752,394, filed on December 22, 2005, the contents of which are

incorporated herein by reference.

BCKGROUND ART

In recent years, much higher recording density is expected in magnetic disks. In
order to meet this requirement, extensive studies have been made on the surface
topography of the substrate used in magnetic disks. For example, patent document 1
proposes a condition in which the amplitude of the surface waviness of a wave-length
from 0.3 mm to 3.0 mm is made 50 nm or lesé, and the surface roughness is modified to
Ra =2 nm to 7 nm, and Rpax = 10 nm to 60 nm. Also, patent document 2, for example,
proposes a magnetic disk in which the microwaviness of the surface has a cycle of 0.1
mm to 5 mm, and amplitude of 0.1 nm to 1 nm.

However, in the arts described in patent documents 1 and 2, there are instances
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mmto 5 mm and anplitude of 0.1 nmto 1 nm However,
in the arts described in patent docunents 1 and 2,

WO berecsoe | nst anceswhere the magneti c head cobdT/aie906/324297
with the irregularities on the surface of the
substrate when the nmagnetic RBead noves thereover, and
t hese could not sufficiently conply with the

wheise the: magnatishedd celidies avitinthe dlrrewlfgrﬁlqs ewothgsuefagsepisthe ysubstrate
Furt hernore, patent docunent 3 describes a gl ass

wisnbhe matgaetiimhe/ddi mhyes| thetedvay, artdethhssi grhild 06t suisciently comply with
wavi ness, which generates on the surface of the

théhﬁlﬁ/@frﬂérﬂlon@ﬂa‘qu{r@ﬂelmbf%%mc&ﬂlmgrdieﬁilfyef onmeter for
versatlle di sks at a measuring wave-length (lI) of 0.4

nm t g % vﬁ%@ é&ﬂent st el aNfads REb ARSI whikh tll@t?ing the

ﬁ]CfOMﬁVIneSS generates on the MBVIHGSS

usi n m crosco faor thre si.onal
heffF BEUEE &%@fsu r@rla&ﬁswgte% OBing et 0 %ﬁ%}gﬂ‘f dRgetred by
2 mmt eRan,,V\alsOS

usingh, MR TGeR o STBINkS % AACE B8 WAY IRy G 0f Ogh mum to
less if WA is 0.4 or less; 1/2 or less ifWa is greater

5.9 ram be Wa (nen)parst letting the Beight ofshe migrowavingssgwhichegenerhtgn on the
0.5 to 0.8. Patent Docunent 1: Japanese Unexam ned

wddaiesst mépguréd dlyi aging R bdicroaddp9 nfoNothrddedifeddbndPasuefate-structural
Docunent 2: Japanese Unexani ned Patent Application,

anBlyBis iaf 2@ty wAREen pg@?iﬁé’f (72 hiR ko PAGHAEBY NRA (nm), Wa is 0.8 or

Japanese Unexam ned tent Application, Publication

eflogn PART PSR B SRR 1/ EMELCH WRYEY £ 10 16092 o s

glass SU Strate ocunent

it WR 1ggreater ﬁlan 0.4 to0 0.5; and 1/3 or less if Wa is greater than 0.5 to 0.8.

Patent Document 1: Japanese Unexamined Patent Application, Publication No.
H6-96436

Patent Document 2: Japanese Unexamined Patent Application, Publication No.
2000-207733

Patent Document 3: Japanese Unexamined Patent Application, Publication No.

2003-223711

DISCLOSURE OF INVENTION
However, the glass substrate described in patent document 3 was of no practical
use because it was difficult to mass-produce. Specifically, the value of Wa in substrates
currently mass-produced is about 0.3 nm, but suppose that the value of Wa is 0.3 nm in
the art of patent document 3, the ratio of NRa to Wa (NRa/Wa) would have to be 0.6 or
less, and this would require a lot of time and effort for production, worsen the yield, and

consequently, it would be difficult to mass-produce.
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use because it was difficult to mass-produce.
Specifically, the value of WA in substrates currently
wor@s/omseduced is about 0.3 nm but suppose thedT/5#2806/324297
value of Wa is 0.3 nmin the art of patent document 3,
the ratio of NRa to Wa (NRa/%4) would have to be 0.6
or less, and this would require a lot of tine and
ef flhetpressnt mventinm feswlts fomssitidiesen ghasiecesgrihed circumstances, and
consequently, it would be difficult to
thermbpepoh thecpreSdne ipventiontis it peovideoa magneati¢ diskrpstrate which can
studi es on above-described circunstances, and the

acBRved redgnthie rBédgiapt meduaN tWiath iehables neaﬂngﬂ @nd writing that is
magnetic di sk substrate mhlch can achieve a nagnetic

coﬁﬁ)ﬁﬁfﬂg' éh "R {)& | @8n MR pHI M, | $dd Bas gxcellent

'S conp h recordi ng denS|ty can

has ceII t electromaagngtic
A RoERAA °8H%‘F‘é’8t°é‘?ﬁa&ef‘)é‘ c5, gt o BioYie oy EARIG Kebqufing medium
recordlng medi um usi ng the same. In order to sol ve the
eSd¥scri bed problens, the inventors discovered

that a magnetic di sk substrate which can be
mas s Ipoodin ¢e dolae thenaho vesdesdribed prebilerns, itherinyentors discovered that a
conversion characteristics can be obtained by

mapgnetié diskwubsteatd hdichudantbeahasssproduded anhd thae eregblent ¢le@ronéagnetic
of the waviness on the surface neasured by using an

coh@ér@ibﬁ %h@r'i@&ﬁﬁufs@an\b‘ér&ﬁﬁlhécﬁbﬁ infdqEfaRturifg TRE Selstra@ such that the
wave-| ength of 5.0 nm (hereinafter, abbreV|ated as

am(#lnlgdeaml dft tHg Swaglfnets;] bn tt}(]\%gﬁr?a%ﬁ Sndastued Vﬂyt &Hélgg é@ ?nt?ﬁ%l’gﬁleter for

ran; average anpl 't u

WQ%C}[ o‘i\llalgs %\e; ?g{?‘%rg;l"t"%v% 1%88&5%56& - B%}glfnls&er abbreviated as “the

t hr ee- di nensi onal surface structural anaIyS|s at a
ampliudsy ph ghendipsinesn ) ih ot ghesangs oloB. Inpm( toePei A tths average

abbrevi ated as "the average anplitude of the _ )
anmplitudendVb nefs ghe) misrodvaginesn @endrated ; omrtble tdbove-amentioned waviness

cal cul ated by dividing
measured by using a microscopy for three-dimensional surface-structural analysis at a
measuring wave-length of 30 pm to 200 um (hereinafter, abbreviated as “the average
amplitude of the microwaviness”) is 0.3 nm or less; and the value calculated by dividing
the average amplitude Wb of the microwaviness by the amplitude Wa of the waviness,
namely Wb/Wa, is 0.6 or more.

In addition, in the present invention “the amplitude Wa of the waviness” refers

to the amplitude represented by the waviness curve of the reference wave-length of 5.0
mm, as shown in FIG. 1A. Also, as shown in FIG. 1B, “the average amplitude Wb of
the microwaviness” refers to the amplitude of the microwaviness generated on the
waviness, namely the amplitude of the microwaviness represented if the waviness curve

were linear (arithmetic average roughness Ra).

In detail, as the amplitude Wa of the waviness of the substrate becomes large,



10

15

20

25

t he average anplitude W of the m crowavi ness by the
anplitude Wa of the waviness, nanely W/ Wa, is 0.6 or

woreoe/o6dsol addi tion, in the present invention "pdiEIP2006/324297
anplitude WA of the waviness"” refers to the anplitude
represented by the wavi ness durve of the reference
wave-1length of 5.0 as shown in FIG |A Aso, as

the; magneticn qaricsan@t track dheywayinges efrthe isubiatenn the magaetic recording
m crowavi ness” refers to the anplitude of the

medigmdhereot) asd thaes aoredrothat e owtpitnesefomanfihe ¢lbdromagnetic
anplitude of the m crowaviness represented if the

conptkioR SS dﬁlsiﬂﬁ%fed becasé oNelss. (HTthé hrplinddeaWar 3F0e waviness of the
roughness Ra In detail, as the anplitude WA of the

B S IS PR RO A A i
m%c’lH net Zg&{t%‘ mngfkeg%%ggécfv%é& t%?ﬁaé magnetlc recordmg medium
elect{ona neti c conversion Iﬁ di sr.upt ed because of
withexgellent qqelromagnsiic 9BY g8 FREteiiaitis ras e gehigreel by making the
substrate is quite large, then, the magnetic head
amplifedecWa ofithg wavenesagiibe sebstratedessi thap Gadilum  To t he
contrary, the inventors discovered that a nmagnetic
r ecorAdsd)gheraientorsatdnfirmxd ehdt elnd owtbacivavefagn ef ki electromagnetic
conversion characteristics can be achi eved by making

cohmmaﬂpbf tihl emé/gheﬁé feBErdWRY Inft@iRsnm Ofvad NAsrbpleat rr?ésgedti% Sof the

than 0.5 nm Also, the inventors confirmed that

anﬁﬂ‘t@dét W‘Q’%}f %ﬁe%&%ﬁésg to'??heeéuggttn{tQ it gﬁh& ar‘ﬁ?f]tglﬁé L8 AL waviness

€ magneti Cc recor |ngrrE|umvvas I Sru

[ f
of et SRS B s o A5 i il Ut Y R ER oL e wenei
of the substrate was adjusted to | ess than 0.5 nm when
heagh gvas| lowiseed o Mereo v, th%emwﬁrgﬁ@t found dhat theJisrypligreqt the output

Mor eover, the inventors found that the disruption of
wztvhﬁ)rmug(gmvorse as the average amplitude Wb of the microwaviness became large

when the amplitude Wa of the waviness of the substrate was made less than 0.5 nm.
Then, the inventors discovered that a magnetic recording medium with excellent
electromagnetic conversion characteristics can be achieved by making the average
amplitude Wb of the microwaviness 0.3 nm or less as well as by making the amplitude
Wa of the waviness of the substrate less than 0.5 nm, and further by adjusting the value
Wb/Wa to 0.6 or more, which is calculated by dividing the average amplitude Wb of the
microwaviness by the amplitude Wa of the waviness.

Also, in terms of electromagnetic cohversion characteristics, it is preferable that
the amplitude Wa of the waviness of the substrate, and the average amplitude Wb of the
microwaviness be much smaller, but it gets difficult to mass-produce as it gets smaller
and smaller. For example, in order to make Wb small, it is effective to make the particle'

size of the abrasive used in the process of polishing the substrate much smaller.
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wavef orm got worse as the average anplitude W of the
m crowavi ness becane | arge when the anplitude Wa of
wo be7oessdness of the substrate was nade | ess tbPemIgRo66/324297
nm Then, the inventors discovered that a nagnetic
recording mediumw th excell &nt el ectromagnetic
conversion characteristics can be achi eved by makin
Howryenvisy shje caspl theugpeedhobfpoliphing the owdsiraie sguss, be rslowed, so
or less as well as by meking the anplitude Wa of the
productinitys dearéasehe Fhepsforeathe ihegsors studidd the mhpveadeicribed problems,
further by adjusting the value W/ WA to 0.6 or nore,
andhichieved 168! sredent Gevditiofl] VITHANGs, tHAE R¥QNAARveRHBh i fel4éll to the
Wb of the microwavi ness by the anplitude Wa of the
fbMﬁ%h gss. Al'so, in terms of el ectromagnetic conversion
chardcteristics, it is preferable that the anplitude

Wa of ..t he wavi.nes f the sybstrate n ec.average
oot (DU el S8R st OR ip Ve R G Assp on the
it gets difficulf to nmass-produce as it gets snaller .

SUEAGE snrapyred . Dy-dwsingy awp@,rfefqm%?rd &or @ov?fﬁa%de \iisks @k 3 measuring
it is effective to make the particle size of the

waybtlengtly of 3denim s whhkinghe cange o6 0. lpoini toH). hgnt, itlee average amplitude
substrate much snall er. However, in this case, the

WB psfethe ohicp@bai st (ehbiatedUbis tticahBoveatntivhed | waveakss Sneasured by
productivity decreases. Therefore, the inventors

usitigU8li iRidrdsBEp 2 SV Biréledighenbie HalP§RRIcEMBuctafll meRLB8VADa thi@suring
present invéntion. That is, the present invention

WJV%llgli%%g orf(?»()t tc; th%%g% Irl&% )or ﬁsﬁﬁ@?&% Q/aﬂ}.escﬁ". Wb/Wa, which is

sub te i whic _ ude he Wwavi ness ‘on
he surface,.nmeasured by usj n ipnterferoneter, far a ..
calsufaeciity GVt e averag AwiitilE W of eghistavayinegs by i ffuplicude
within the range of 0.1 nmto 0.5 nm the average
Waabthe tayinegpis g6 eIBoss cr owavi ness generated on t he

above-nmenti oned wavi ness neasured by
(2) The magnetic disk substrate according to (1) which is made from glass.

(3) The magnetic disk substrate according to (1) which is made from silicon.

(4) A magnetic recording medium which includes the above-described magnetic
disk substrafe according to any one of (1) to (3).

According to a magnetic disk substrate of the present invention, in which the
amplitude Wa of the waviness is within the range of 0.1 nm to 0.5 nm, the average
amplitude Wb of the microwaviness is 0.3 nm or less, and the value calculated by
dividing the average amplitude Wb of the microwaviness by the amplitude Wa of the
waviness, namely Wb/Wa, is 0.6 or more, a magnetic recording medium which can be
mass-produced, has excellent electromagnetic conversion characteristics, and enables
reading and writing that is compatible with high recording derisity can be achieved.

Also, the magnetic recording medium of the present invention enables reading'

and writing that is compatible with high recording density because it uses the magnetic
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using a mcroscopy for three-di nensiona
surface-structural analysis at a neasuring wave-|ength
w@b20030695m t 0 200 nmis 0.3 nmor |ess, and thepoBiR06I24297
Wb/ WA, which is calculated by dividing the average
anplitude W of the microwavbness by the anplitude WA
of the waviness is 0.6 or nore. (2) The magnetic disk
disk swbstrate ef the persgntigvemdiop1) which i s nade from gl ass.
(3) The magnetic di sk substrate according to (1) which
iIs made fromsilicon. (4) A magnetic recordi ng nmedi um
whi ch includes the above-descri bed nagnetic disk

substrate accBRIEMDESCRAPYIONOFTHE DRAWINGS
According to a magnetic disk substrate of the present

! nveﬁ:g' o ljuRtrided f12 AEi@iEWA bEe (\)Mgirfégs.t he wavi ness

is wwthin the range of 0.1 nmto nm the average

anpl it ud of the m crowaviness, i§n0. mor | ess .
e G T Qb e bR e L B upiGgfi¥iess in e
anpl jtude Wb of the m crowavi ness by the anplitude Wa
Prfent M¥eniioli ness, nanely Wb/ Wa, is 0.6 or nore, a
magneti ¢ recordi ng medi um whi ch can be mass- produced,
has d&dgel issndiagtagt shosvingnee exanle o thei oegnetic recording medium of
characteristics, and enables reading and witing that
thé presemxtentibre Wi t h hi gh recordi ng density can be
achi eved. Al so, the magnetic recordi ng nmedi um of the
presqng, 3 REMGW Arhghid hREatifoshctSampe ofthé pR@edstEprdducing the
conpati ble with high recording density because it uses

: 1 edis .t he present invention.
B Sl R R efigrkCe I G TA i1 1vat 1 o s
the anplitude WA of the waviness. FIGIB illustrates
the average anplitude Wb of the m crowaviness in the

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, the embodiments of the present invention are described by referring to
the figures. However, the present invention is not limited to the embodiments as
described below.

FIG. 1A illustrates the amplitude Wa of the waviness. FIG. 1B illustrates the
average amplitude Wb of the microwaviness in the present invention. In FIG. 1A, Wa
represents the amplitude of the waviness. In FIG. 1B, Wb represents the. average
amplitude of the microwaviness.

FIG. 2 is a diagram showing one example of the magnetic recording medium of
the present embodiments.

In FIG. 2, “1” shows a magnetic recording medium. The magnetic recording
medium 1 includes a magnetic disk substrate 2; and primary coats 3 of chromium alloy,
magnetic layers 4 of cobalt alloy, and carbon layers 5 of diamond-like carbon which are -

formed in order on both sides of magnetic disk substrate 2.
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present invention. FIG 2 is a diagram show ng one
exanpl e of the magnetic recordi ng nedi um of the

wEemsesusoi nvention. FIG 3 is a flow di agram PCT/JP2006/324297

illustrating one exanple of the process of producing
the magnetic di sk substrate @ the present invention.
BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Her ei nafter,
the dnithelimagnetic diskt substsate SephOWM B AIG 0% Hiecampliude Biéay of the
by referring to the figures. However, the present

wadvinessitis evithirs theotange mwif t0ed nhotd e Brh Ot averdge asplitude Wb of the
described below. FIG IAillustrates the anplitude WA

mifowdVenes@ s e3 um ok GedsB ahd |tHe tvaRieegalddi@e@\b5T a@ling the average
anplitude Wb of the mcrowaviness in the present

. B I
arAL W0 o e Al vin HGE SRRl S BRI YASuals, namely
'Wﬁ I|t e of the mcrowaviness. FIG 2 is a dlagram
O EBGampl e of the nagnetlc recordlng nedlum

of the present enbaqdi nents. In FIG "1" shows

magnel hen the agpdituds W@g‘fa mﬁwwsmﬁmtswastwa&@ r°éfF'h%5 nm or when

medi um 1 |ncludes a magnetic di sk substrate 2; and
theyaveragey ampitusle Wb ofctheamicaowaslinesy is omem@8immy theeelectrbmagnetic

of cobalt alloy, and carbon layers 5 of dianond-1ike
cofgdrbion oMatagteriaties 6D eheethapnetier teordiy hetifunsildescoafe inferior, and

magneti c di sk substrate 2.1n the magnetic di sk

thérefoRd, " flch c%naﬂﬁ)\‘\@ ard nbl g'ref@rablteheA%ﬂSPMHeHdtheVﬁnﬂftu&@ QVa of the

wavi ness is within the range of 0.1 nmto 0.5

w8 9f t}férgﬁlbét}éfggs % Bhn 170 or when the value calculated by d1v1d1ng the

- average amplitude Wb of the microwaviness by the amplitude Wa of the waviness,

- namely Wb/Wa, is-less than 0.6, it is required for the production to take a lot of time and

effort, the yield gets worse, and it would be difficult to mass-produce. In particular, the
substrate whose amplitude Wa of the waviness is less than 0.1 nm is difficult to produce.

Also, the magnetic disk substrate 2 shown in FIG. 2 can be made from glass, but
this may be made from silicon.

The substrate 2 for magnetic disks, for example, can be produced by way of the
method described below.

Firstly, glass is prepared as a raw material for the magnetic disk substrate 2, this
raw material glass is molten, mixed and pressed, and a plate of glass which is
disk-shaped is made. Then, the crystal nuciei are formed and the crystals are formed
therein by heat-treating the obtained plate of glass, a crystallized glass is formed in which
the crystal phases are lithium disilicate and a-quartz, particles of the aggregated a-quartz
are dispersed on the glass.

Next, as illustrated in FIG. 3, the plate of crystallized glass is perforated with a
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m crowaviness is 0.3 nmor |less, and the val ue
cal cul ated by dividing the average anplitude Wh of the
WOonR@roswvi ness by the anplitude Wa of the wavi HEB$82006/324297
nanely WAVa,is 0.6 or nore. Wien the anplitude WA of
the wavi ness of the substrat® is over 0.5 nm or when
the average anplitude Wb of the m crowaviness is over
cybn®qahgrln¢%eg stomet 2 eentkghapdrare isfoaned ithe isenteal tpertiost efdthe plate
of the magnetic recording medium 1 becone inferior,
of amybtdl hzadeflasse and ucdubstemelis prepared (81)notAfier dhisy ah:We—.stage lapping
Al so, when the anplitude WA of the waviness of the
précebst hahdyi $ hegie rddB3sO (SN tah Einv.3d rocess (S3) is
cal cul at ed by d?&ldg?ﬁ% %he avgrzgge anplltuéipﬂl\ﬂ)pof th ( )

co%&ﬁ%ﬁ%\zﬁe. *@&t Jisﬁt%?rgtev@hﬁfl bte&ﬁné’@é’ ?rf@urfacg so that

ess IS require

on.to ta ffor t
% Gt S aheeiatithe BbstiPRrffivied, . P sEad ghdouer
Eartl cul ar, the substrate whose arrplltude Wa of th

mrwam eugial pertjons of theaspbstrate g Flaangfiered; 184 ¢ amferi%am@ss (S4) in

Al so, the magnetic disk substrate 2 shown in FIG 2
or&mommmfenedmogioass, but this may be made from

silicon. The substrate 2 for magnetic disks, for

exanplfer tigo¢habfeqioprocess, thy imiy and olitbecif®inifertntial portions of the

descri bed below. Firstly, glass is prepared as a raw

subStagd éx@lmlﬁ'l%i'-f e d RO &lit6r ﬂh1§llfm§ PRseEA(SS), 2atzndtahsl'@la'l @X4mination
material glass is nolten, mxed and pressed

S ichis dISk shaped is nade Then, t he
15%@121 % %%%@@%he formed and the crystals are forned
treatin e ohtai

;hg: 3% ﬂﬁbr?/eﬁ‘gg@h&f%%%gft& h%stf:% Q'}ﬁ?):aﬁrougﬁ -po 1sl%ng process (S7)

- and (2) a fine-polishing process (S8) are conducted.

The rough-polishing process of (1) is conducted by using a device which can
polish both sides of a substrate, and an abrasive containing cerium oxide.

Furthermore, the main surface of the substrate is mirror-finished by conducting
the fine-polishing process (S8).

Also, the fine-polishing process can be carried out by using the device which
can polish the both sides of substrate, and an abrasive containing at least one of cerium
oxide powder and colloidal silica. It is preferable that the abrasive whose particle size
is 0.1 pm to 1 um be used in the fine-polishing process. If the particle size of the
abrasive is over 1 um, the amplitude Wa of thé waviness tends to be large, and therefore,
it is not preferable. If the particle size of the abrasive is less than 0.1 um, its processing
rate is lowered, and it is difficult to mass-produce. In addition, when plural abrasives
are mixed for use, it may include abrasives which are different in particle size.

Also, in the fine-polishing process, a pad made from a urethane or suede can be
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the crystal phases are lithiumdisilicate and

a-quartz, particles of the aggregated a-quartz are
wolc@pessed on the glass. Next, as illustrated PaT/FR2M6/324297

3, the plate of crystallized glass is perforated with

acylindrical grinding stone,9a central aperture is

formed in the central portion of the plate of
used-ystal | i zed gl ass, and a substrate is prepared (Sl).

After this, a two-stage |apping process, nanely a

r ouglFinadlgpthe gnagneticedisk §BRjraerstiowan fin BEG. | 2aqapi beg brainsldsswashing

(S3) is conducted on one side of the obtained
thsUbsirita(®9)whi ch beconmes a main surface, so that the

wi dt h and surface-roughness of the substrate are _

adj u [ : 1.5.C rentd :

] Ugh Blter ;@?ﬂéguéﬁg tﬁ?étl@&@oﬁ#ﬁg@&% fﬁ%ﬁogvnefﬁ rid 2 using the

portions o e are C

cha rin rocess, ( . i.n.order, t.o form chanfered .
g0t Sk gl 7 B adine Bis ey ot BB BE R R Suppate 2 i
outer circunferential portions of the substrate are
meyntgdyin sPuHEEn gAYIPMENt ARG Bmary,ceats 3 anade Jem ghrogyym alloy, and
and a visual exami nation is conducted thereon (S6). In
maghetia dyerspb imadaifrogn pelaticallny arbsucosesiwdle permeid ¢iboth sides of the
rough- poli shing process (S7) and (2) a fine-polishing
mggnete disk (sbBstratd @ byowahu of gshitterihg. r Dhgl) tipotdrbdti lagers 5 made from
process of (1) is conducted by using a device which

didiRthd Rkd SHbAPhR RHAES oﬁfth@nﬁ?ﬁ&fcr@if&s 4350wa of AEVYemethod,
contai ning ceriumoxide. Furthernore, the nmain surface

an? ft.het Eg%tfe:tm%&o%lgg hrcédmnﬁ [1%@3&1‘1 m gfo@ %tgﬁ}é b%%'ﬂfjﬂr?e I[ ir]gl'hlzi%gtion, the

i'ne-polishing process i ne-po

cofbf 5 SRR BRI S EER A paER bRV Slexis nc)

abrasive containing at |east one of cerium
as a lubricant. - :

Example

Hereinafter, an example is shown in order to demonstrate the beneficial effects
of the present invention. However, the present invention is not limited to the
embodiments verified below.

(Test Cases 1 to 12)

A raw material glass mainly including 77% of SiOz, 11% of Li,0, 4% of Al,Os,
and 3% of MgO was prepared as a material for each magnetic disk substrate. The raw
material glass was molten at approximately 1350°C to 1500°C by using a melting device,
and this was mixed, pressed and cooled, and a disk-like plate of glass having a diameter
of 66 mm, and width of about 1 mm was obtained. Then, the obtained plate of glass
was heat-treated at 540°C for about five hours to form crystal nuclei, the crystals were

formed at 780°C for two hours, and the crystallized glass was formed in which the crystal
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oxi de powder and colloidal silica. It is preferable

that the abrasive whose particle sizeis 0.1 nmto 1
wooobeeessed in the fine-polishing process. |f pd&BIP2006/324297

particle size of the abrasive is over 1 nm the

anplitude WA of the wavinesslkends to be | arge, and

therefore, it is not preferable. If the particle size
phasestwese lithiumdisliqate andssquartzn and partiples pf the gegiegated aguartz were

rate is lowered, and it is difficult to mass-produce.
dislpersaddhtlha)giassmhen pl ural abrasives are m xed for use,

it may include abrasives which are different in

part iNdx€ $I1cefitralPhsedturd Wvak @rhéd€n RBE | cehirdlIpditiof EsfSthedplate of
pad nade froma urethane or suede can beused. Finally,

cr}t’%ﬁgfgglg@‘?téé le\gk]ﬁg E{g Sub%r?t{rlfgr;(g; ﬂ?@ gF;in@I Egtélgsg'&teb@as prepared.
- ﬂﬂacfwﬂest%g%&ﬁ?% bekR TBHBPE et Papi sk Ao G Tappine

at rst, the magnetic dISk substrate 2 is
prmwaﬁcqnﬁiugts@ {Q @ng Sﬁ@e elthis phieied subiirals Wiigh Yecamg amain surface
made from chrom um all oy, and magnetic | ayers 4 nade
byf wsimg @otxdishing| deyyceawhich nan endisky dhy bbthr sidels ofy shbstdate and uses a
sides of the magnetic disk substrate 2 by way of
digmond pelleand ihe thickness aal heface-ayigghiess ofahe siibsae were adjusted.
di anond-1i ke carbon are forned on the nagnetic | ayers

T}ﬁnbﬂleV\ﬁﬁﬁePfcuEﬁ}ﬁfe%aﬂﬁbﬁﬁﬂ oftfid $ubStrABIREIhCIrbMS UrdiHddcentral
medi um 1 shovvn in FIG can be obtained. I'n addition,

effﬁgdg pr o fr%urgfe%a%g Oﬁlggafeg%wsl&r?f (zi)n‘t‘)lth qfnndmg stone by

ubri.cant

“SB\g&Qr‘n‘FH‘a&Sﬁ%HgF i)%ﬁ%@'%{f%' e‘%‘%ﬁer PR RosfignS ard 10iREd. "

After the chamfering process, the inner and outer circumferential portion was

mirror-finished, visual examinations were conducted thereon, and the main surfaces of
the substrates were finally mirror-finished by using the polishing device which can polish
the both sides of substrate. This polishing process included a rough-polishing step and
fine-polishing step. The abrasive containing cerium oxide powder (ceria) (“ROX”
produced by Showa Denko K.K.), and colloidal silica (“Compol” produced by Fujimi
Incorporated) was used therein. Commercially available urethane or suede pads were
used for polishing them. Finally, each magnetic disk substrate corresponding to Test
Cases 1 to 12 were obtained, which were different in the amplitudes Wa of the waviness,
and the average amplitudes Wb of the microw;clviness, but had an identical diameter of 65
mm, and internal diameter of 20 mm.

The abrasives used in the fine-polishing process, and their particle sizes are

shown in Table 1.
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each magnetic di sk substratell The raw naterial gl ass
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After the chanfering process, the inner and outer

circunferential portion was mrror-finished, visual
we@x@mioesbi ons wer e conducted thereon, and the PEi/IP2006/324297

surfaces of the substrates were finally

mrror-finished by using the2polishing device which

can polish the both sides of substrate. This polishing

pr oc dhs abne¢-obteihed snbrtmgtes bl TesthCangs dttepl 2awere scrub-brush washed,

fine-polishing step. The abrasive containing cerium
fulbdrdetrasontially Cleaiddah dn'dRabe agidadlitiof, dnd Sfaneousendtters attached

K. K. ), and colloidal silica ("Conpol" produced by

onthel §Urfab8C WeROGhARY. Wahert! SBE elrﬁkﬁft@déé “@OGFTE{eCW%hé’ss and the
avallable ur et hane or suede pads were used f

anr% dlte K l%'.llgg ltnll%ta v&a@fr% {'%9 'flget Eﬂ“bsqﬁég Wc'eltlg %dga%:gd The

res
i ch red ferent in the anplitudes WA of the
rei\llﬁté' wndndablid- aver age anplitudes W of the
m crowavi ness, but had an identical dianmeter of 65

and iTheamplitudss Naovere obtained byrhsinpracintesfesenetes  Qpsiat] nroduced

the fine-polishing process, and their particle sizes
byak BESthavenShift, rebivith b. higls bass ¥iltee ofib ave- oAlsel thediverage amplitudes
substrates of Test Cases 1 to 12 were scrub-brush

WHaFhBE mitrdivatigessUlvére andidiedldt ¥ MtRanRE wale-déhglixaf 3G pm to 200
acid solution, and extraneous matters attached on t

mﬁuylmﬁgm ;gmlt;@qm\éqgnd Qgsrmterrhe anpl i tudes Wa of the

wavi ne he average anplitudes Wh of the

T SR G s R R S F BB S Y

obt ai ned by using a mterferoneter "Opti Flat" produced
e @ngpilple Iy nc with a high-pass filter of 5
mm Al so, the average anplitudes W of the
m cr Gheveswis of e prosessingretés areasurad irs thei fing pedishing emepenses are
of 30 nmto 200
evaluated as the followings:

Good: the relative value of the processing rate was 1 or more when the
processing rate of Test Case 8 was regarded as 1; or

Bad: the relative value of the processing rate was less than 1 when the
processing rate of Test Case 8 was regarded as 1.

Each of the substrates of Test Cases 1 to 12 was texture-treated by using a
non-woven fabric and a diamond slurry, then loaded into sputtering equipment, and
primary coats of chromium alloy and magnetic layers of cobalt alloy were formed on
both sides of the substrate by way of sputterin.g. Then, diamond-like carbon layers were
formed thereon by way of the CVD method, a lubricant “Fonblin Z-Tetraol” (produced
by Solvay Solexis, Inc.) was coated thereon, and a magnetic recording medium was
produced.

In addition, the sum of the thicknesses of the primary coat and the magnetic
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nmm by using McroXamw th a band-pass filter. Wth

regard to the substrates of Test Cases 1 to 12, their
wQ@e@deyseer e eval uated. The results are shown POT/I006324297

1. The results of the processing rates nmeasured in the

fine polishing processes areldeval uated as the

follow ngs: Good: the relative value of the processing
layeatvas W@ s, and theothiskogse of thealiamendekiks ¢agboralagerofasTidsim.

Case 8 was regarded as 1; or Bad: the relative val ue

of t Nexprwidegardgo it showesbtates rhpmetid redosding hedia of Test Cases

processing rate of Test Case 8 was regarded as 1. Each

19 19%@&%&&&35@&& cgﬁs‘fefrs&@%ﬁ&ra@teh@tlokzw%smeasured by using an
texture-treated by using a non-woven fabric and

el&‘t@%gﬂ'eti% %Bﬁ\ye'ril&lﬂ e(%]‘la}ﬁ%?eqﬁﬂlck nﬁ:ﬁl)gzsy taén gﬁlllcgg ﬁ? uggﬁﬁ Nfachnical

chromum a nmagne
ers of cobalt al]lo fornmed on both sides of
E”ct “%bs&b‘é\f"@“h b %‘FY\‘%‘? gri ng. Then, dianond-1ike
carbon | ayers were forned thereon by way of the CVD
net hoe adéltlloubthecramlts'cpibtrhmqlwtlzmpémteﬁownvemmglw@ptwtxcs were
Sol vay Solexis, Inc.) was coated thereon, and a
evahlgtedtabdlerfeﬂmwﬂigng medi um was produced. In addition,
the sum of the thicknesses of the primary coat and the

magnetdodt ieaelarias vale bithe efdtttoffagnétlt conResnhatabRristics was 1
di anond-1i ke carbon [ayer was 10 nm Next, with regard

ortrﬁoxteh\@hé}pﬁl\é lgafcﬁﬁa[k‘ﬁgtlér@&%}él&rl ERGAEEHARs Trdhe Telt CRI(8 were
&ases 1 to 12, thelr el ectromagnetic conversi on
re Sler Ct er| stics were measured by usi ng an
%511- I’hggnet I C conver S| On characterisitics anal yzer

proB ced b Quzi h( Tec i:
he re ative value of the electromagnetic conversion characteristics was less

- than 1 when the electromagnetic conversion characteristics of the Test Case 8 were

regarded as 1.

The results shown in Table 1 revealed that the substrates of Test Cases 1 to 4,
whose amplitudes Wa of the waviness of the substrate were over 0.5 nm, had inferior
electromagnetic conversion characteristics. Also, it was revealed that those of Test
Cases 1 and 10, whose average amplitudes Wb of the microwaviness were over 0.3 nm,
had inferior electromagnetic conversion éhmacteristics.

Furthermore, it was confirmed that those of Test Cases 5 to 7, 11, and 12, whose
values calculated by dividing the average amplitudes Wb of the microwaviness by the
amplitudes Wa of the waviness, namely Wb/.Wa were less than 0.6, had inferior yield

even though they had superior electromagnetic conversion characteristics.

INDUSTRIAL APPLICABILITY

According to the present invention, a magnetic disk substrate which can achieve



Enterprises. The results are shown in Table 1. In
addition, the results of the el ectromagnetic
W@ owWAssHIDN characteri stics were eval uated as PeBIP2006/324297
followi ng: Good: the relative value of the
el ectromagneti c conversion chharacteristics was 1 or
nore when the el ectromagnetic conversign )
a wagRelictreedrding suediym cpmpFiable vithskigh reqording dgusityeandahas pxcellent
or Bad: the relative value of the el ectromagnetic
elentrovmgsétan comarsion echasdctarstivmsah ebs hiarprdduchén tTherefore, the
el ectromagneti c conversion characteristics of the Test
préRe€indetinds hRUB! Aplicaie fo thé field ESifothatdiPbhiologhadi!tke like.
1 reveal ed that the substrates of Test Cases 1 to 4,
whose anplitudes Wa of the waviness of the substrate
were over 0.5 nm had inferior el ectromagnetic
conversion characteristics. Also, it was reveal ed that
those of Test Cases 1 and 10, whose average anplitudes
Wb of the m crowavi ness were over 0.3 nm had inferior
el ectromagneti c conversion characteristics.
Furthernore, it was confirned that those of Test Cases
5to 7, 11, and 12, whose val ues cal cul ated by
di vidi ng the average anplitudes W of the
m crowavi ness by the anplitudes WA of the waviness,
nanmely Wb/ WA were |ess than 0.6, had inferior yield
even though they had superior el ectromagnetic
conversion characteristics. | NDUSTRI AL APPLI CABI LI TY
According to the present invention, a nmagnetic disk
substrate which can achi evea nmagnetic recordi ng nmedi um
conpati ble with high recording density, and has
excel | ent
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el ectromagneti c conversion characteristics can be

mass- produced. Therefore, the present invention is
whe@hilogesappl i cable to the field of infornmati onPCT/IP2006/324297

technol ogy or the like. CLAIMS 1. A magnetic disk

substrate, wherein an anplitidde WA of a wavi ness on a

surface neasured by using an interferoneter for a

versatile disk at a neasulGlfyMwve-1ength of 5.0 mmis

within the range of 0.1 run to 0.5 nm an average

anplitude Wb of a m crowavi ness generated on the

wavi ness neasured by using a mcroscopy for

1.t hr eex ghapRiteidkaubsititd, aaRrghr uct ural anal ysis at a
nmeasuri ng wave-length of 30 mmto 200 nmis 0.3 nm or

| ess;, .a I . ich i c b .

di vi di ngﬂl{p ﬁgﬁgvg?dagg g\bnévl\giértnﬁ%g; ({Rb ao? mtcfﬁéee %%tr's%gv\gvﬁegssmg an
. by.the anplitude Wa,.of the waviness is 0.6 nore. 2. .
in$HroHEy T & VireRISoHiRs of Arneiauutl AR HG PBTCPlap Iy fhin the

is nade fromglass. 3. The nmgnetic di sk substrate
rangecofiel Wy 0 8-51M8i m 1 which is made fromsilicon. 4. A

magneti ¢ recordi ng medi um whi ch conprises the nagnetic

di sk aguiveragat emplitude dWibgof @ arigromawiness gensirated lort ¢he3 waviness

measured by using a microscopy for three-dimensional surface-structural analysis at a
measuring wave-length of 30 um to 200 pm is 0.3 nm or less; and
a value of Wb/Wa, which is calculated by dividing the average amplitude Wb of

the microwaviness by the amplitude Wa of the waviness is 0.6 or more.

2. The magnetic disk substrate according to claim 1 which is made from glass.
3. The magnetic disk substrate according to claim 1 which is made from silicon.
4. A magnetic recording medium which comprises the magnetic disk substrate

according to any one of claims 1 to 3.



