DESCRI PTION Title of Invention: GLASS SUBSTRATE FORA MAGNETI C DI SK
AND MAGNETI C DI SK 5 Technical Field [0001] This i nvention
relates to a glass substrate for a magnetic di sk adapted to be
nounted in a hard disk drive device, and to the nagnetic disk. 10
Background Art [0002] As a magnetic recordi ng nedium adapted to be
nounted in a hard disk drive device (HOD device), there is a magnetic
di sk. The magnetic disk is 15 produced by coating a NNP filmon a
netal substrate made of an al um num magnesium alloy or the |ike or by

| ami nating a magnetic layer and a %%@ﬁ{ﬁ’;@ﬁ"l ayer on a gl ass

substrate or a ceram c substrate. | oy substrates have
conventionally been wi dely used as substrates for nagnetic disks.
However, followi ng the reduction in size and thickness and the
i ncrease 20i Mitteegfomvdintign:densi ty of magnetic disks in recent years,
gl ass substrates excellent in surface flatness and thin-plate
strength as corrpar@Mﬁﬁt%@%@ﬂ%WW&Q“@T1§®§Kr@ﬂ%MmﬁT1&@%d
to be USﬁg [ 0003] Wth respect to magnetic disks formed with at
| east a mHgnetic |ayer on 25 a magnetic di sk gl ass substrate, the
increase in reeuicH ppiglensity has advanced year by year and thbse
magneti ¢ di sks having a nagnetic |ayer containing

[0001}

This invention relates to a glass substrate for a magnetic disk adapted
to be mounted in a hard disk drive device, and to the magnetic disk.
10
Background Art
[0002]
As a magnetic recording medium adapted to be mounted in a hard disk
drive device (HDD device), there is a magnetic disk. The magnetic disk is
15  produced by coating a NiP film on a metal substrate made of an
aluminum-magnesium alloy or the like or by laminating a magnetic layer and a
protective layer on a glass substrate or a ceramic substrate. Aluminum alloy
substrates have conventionally been widely used as substrates for magnetic
disks. However, following the reduction in size and thickness and the increase
20 in recording density of magnetic disks in recent years, glass substrates
excellent in surface flathess and thin-plate strength as compared with the
aluminum alloy substrates have started to be used.
[0003]
With respect to magnetic disks formed with at least a magnetic layer on
25 a magnetic disk glass substrate, the increase in recording density has advanced
year by year and those magnetic disks having a magnetic layer containing
granular particles are becoming predominant. In such a magnetic layer, it is

necessary 1o reduce the particle size of the granular particles or enhance the



granul ar particles are becom ng predom nant. In such a magnetic

| ayer, it is necessary to reduce the particle size of the granul ar
particles or enhance the 2 crystal orientation of the granul ar
particles in order to achieve a further increase in recording density
(e.g. 160GB or nore per disk, particularly 250G or nore per disk).
In order to reduce the particle size of 4he granular particles or
enhance the crystal orientation of the granular particles as

descri bed above, is 5 necessary to inprove the properties of a
magnetic dis

roughness or kC ggﬂ?@eﬂﬁ@@@%gﬁese z%r M 0}&{[1&9&9%28 éﬁ“ﬁlgr fn?ﬁe%se
di sk gl ass suRsddordieg vkhdhyde. gem@@ op Hibf“e?lﬁ@r di qugam@ﬁlar[y EMB ok foré Or
exanpl e, one disclosed in Patent Docunent 1. 04] 10l n recent
years, in orgerdiss). adhoales tareduce therparticte eiag ef ihe gf@mrcpanm:lejmrsu t y,

t here has been advanced t he devel opment of patterned pedia such

di screte tr a(ﬁE‘ ABER BmAYPIuorientalien aldan aranuias warigies asdgReriadancye, i
isolated f ro ofiloro Fé‘ PF%%R%% $#h n@gﬁgﬂﬁﬂgﬂ g?e@? sﬁH&thé‘

patterned rre m ere’ls,

magnetic | ay@armmy% mCéubauﬁ@de&oa@dnebﬁ of mc@héﬁeb@qdrbyerdbwndl ng
this nmagnetic |ayer to thereby isolate tracks fromeach other. Wen

di vi di ng. t he soHgerst iAs 4 mpgneticdipaglass autraleowitied rediuced surfagmestligbness,

| ayer using the na rint technj 000 In this event, if a
ot et (part (BSTe i 17 SRBER, Q08 GEEoePy In SABRCROMIEN 15 e 50 gl hss
substrate, the aborg? 5fnt| oned pattern is not forned on the nmagnetic
| ayer where this detfect is present. Specifically, the defect on the

gl ass suligtrate i singscangead, invridrec fachiend b duritelr indheasetg redording ay er
so that the defect is also forned on the nmagnetic layer. If the
nanoi npri nt 0gnhw H\e&jhwbeerrﬁdwange%mto@velaprpsant@fmﬁ@med Madigrpleah ass

formed only d, this def
Ci  cunst ancod nRepdRk el ibn Ao e dr BRGRCAD Rled rom

Therefore, | RabMBHERNKPE Hidiifods n@arﬂ%c‘hﬁfd@%cﬁ%%a%@?dé@'rﬁ‘&m&rhethere s,
nanoi nprint technique, it Is required that defects be extrenely fe
on a gl ass strsxampk, a rBetRod of foAning Bonagmsiic [Bear enta dlasswsubairaip@DHAG)
15 then physically dividing this magnetic layer to thereby isolate tracks from each
other. When dividing the magnetic layer, a pattern is formed on the magnetic
layer using the nanoimptint technique.
[0005]
In this event, if a defect (pariicularly a convex defect) is present on the
20 glass substrate, the above-mentioned pattern is not formed on the magnetic
layer where this defect is present. Specifically, the defect on the glass
substrate is succeeded in the formation of the magnetic layer so that the defect
is also formed on the magnetic layer. If the nanoimprint is carried out in this
state, a patiern of a stamper is not formed only around this defect. Further,
25 depending on circumstances, there is a possibility of damage to the stamper.

Therefore, in the manufacture of a patterned medium using the nanoimprint

technique, it is required that defects be extremely few on a glass substrate.



Pat ent Docunent 1. JP-A-2006-95676 5 Summary of the Invention Problem
to be Sol ved by the Invention [0007] Wen the surface roughness is at
a very low level, for exanple, when 10 the arithnetic surface
roughness (Ra) is in the vicinity of 0.1nm reducing the surface
roughness and reduci ng defects present on a surface tend to be in a
trade-off relationship. That is, just b%gause t he surface roughness
is reduced, it does not necessarily follow that the nunber of defects
present on the surface is reduced. This is because, in the case of a
gl ass substrg;e haV| a surface 15 roughness at the level in the
vicinity of Pﬁﬁ{ QFI Lk Hg which is conventionally carried out for

t he purpose dhering matter and so on becones a cause of
rougheni ng aqiué?ggﬁbﬁgnfhe gl ass substrate. That is, this is
because, in the cameogf the glass substrate having the very |ow
surface roughness at the level in the vicinity of 0.1nm it is
necessary to use, Pateotldesumant indMPa2G06:906780 surface roughness, a
reIativeI% weak chem cal solution in cleaning which is carried out
for renovi'ng defects present on the surface. This tendency is
significant a magnetic disk glass substrate is nmade
of a nultl-cgﬁ%gg&ﬁfﬁg#ﬂggggﬂch as an aluminosilicate glass. [0008]
25Thi s i nventPretielas bbSaivedayené mvéntior of these circunstances and has
an object to provide a nmagnetic disk glass substrate which has very
few defects presedﬁo@ﬁ its surface mnth an arithmetic nmean roughness
(Ra) at a IeveI 1nm and SU|tabIe

he . vi CI
Coobt int o forcn nhEFme Sitded rtindss iR A Yooy vl rherie, viRa™ o
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magnetic di sk glass substrate ‘according to one aspect of

i nventi on i ssuiftarsaougtiriese dnd nedueity (mﬂems prebemttdnca srtate tendioriesis a( Ra)
of a main surface of the glass substrate nmeasured using an atomc
force nicros H@%OW@N'%SF@S ol bt isrugtbepaseBe spifacel ruglinegs sykeducedym

square is 0. &%Bg}. Rht je%%%saﬂ%ll@%gthdeeéu%er oggéf%&ts%gese?\t Qﬁ e Salllr%l £

of 0.1gmor nore an
is reduced. This is because, in the case of a glass substrate having a surface

15 roughness at the level in the vicinity of 0.1nm, cleaning which is conventionally
carried out for the purpose of removing adhering matter and so on becomes a
cause of roughening a surface of the glass substrate. That is, this is because,
in the case of the glass substrate having the very low surface roughness at the
level in the vicinity of 0.1nm, it is necessary to use, in order to maintain the

20 surface roughness, a relatively weak chemieal solution in cleaning which is
carried out for removing defects present on the surface. This tendency is
significant particularly when a magnetic disk glass substrate is made of a
multi-component glass such as an aluminosilicate glass.

[0008]

25 This invention has been made in view of these circumstances and has
an object to provide a magnetic disk glass substrate which has very few defects
present on its surface with an arithmetic mean roughness (Ra) at a level in the

vicinity of G.1nm and thus is suitable as a substrate for a magnetic disk with



10 upon irradiating light with a wavel ength of 405nm onto the gl ass
substrate with a spot size of 5gm and detecting scattered |ight from
the gl ass substrate, the nunber of the defects fixed to the gl ass
substrate is 1 or |less per 24cn2. [0010] In the magnetic disk gl ass
substrate according to one aspect of this 15 invention, it is
preferable that a ratio (Ra/Rp) of the ithnmetic nmean roughness (Ra)
to a maxi mum peak height (Rp) on the main surface of the glass
substrate is 0.15 or nore. [0011] A magnetic disk glass substrate

fhat an ari (AR SO EFEl Rha b iR P S Ml Biskace "ot T he gl acs

substrate neasured using an atomc force mcroscope with a resolution
of 256x256 pixels in a 2gmx 2p.msquare is 0.12nmor |ess and the
nunber of defMedrs fdeSaluingthe Broblewe a size of 0.1gmor nore and 0. 6pm
or less in plan view and a depth of 0.5nmor nore and 2nmor less is
| ess than 10 per 28093k, the defects each bei ng detected using a

shift in gavel engtﬂ&@%ﬁgﬁkg%gsg&sta;quéco?&lg% [PLEiRE gt upon

irradiati g and scann on 1 engt h of

632nm on the:rﬁ%‘nﬂoﬁ%rcfh@%té?fze@ Frether &% rithHIEE hitlef- rodi%‘%gé (R&) of amain | N
the magnetic di sk glass substrate according to anot aspect of this

i nvention, i suifsceofahe ghist eubdizate meaatred ugiRg/aRwaloric forlce neciobEopet with
mean roughness écp to a maxi num vall ey depth (Rv), on the main

surface of tRde Ay R Rixgls Ima 2y ZWErSéIUG@['@QﬂgI'm orless andy { pe
magnetic di S%gg;ng%%fe%‘t@&été Ea’tc?l];a\}ek% %’6&’ gf’ggpﬁ’d& nﬂﬁ% \'%Lr orless

above-nentio tructure as ver esen

its surfage WpbhirtdtRatingilightvath a:waeaengtﬁwhoaﬁﬁ ohfcahe Qlas§ B@bét!%‘t’@‘lvltlh n
the vicinity of 0.1nmand thus is suitable as a substrate for a

magnet i ¢ di sk spit $izeohdh and deieglinmsaidiaiid lighl fowfthd glaeBsiystnats, eﬂieper
di sk, particul arl 006 di s

mgnet Lo i sRugPalerBaneiElBebio PRl RbaTRgs | ot loos ppr Aa) o
that the gl ass suﬂ? j@te has a disk shape with a hole at a center

t hereof and, assuning ‘that a distance fromthe center to an outernopst

periphery is 100% nahd madhéticadiskgiass Sasirka dcchelingeteronamspeditoftes i C
mean roughness (Rao) of the main surface in a range of 80% or nore
and 90% 6P | &weniiqry fhis peferable dhat aratia (Ra(Rpl ﬁfrtﬁeaat ﬁ‘@é!ﬁ mmgﬁmss

(o) oL, e B AR ARGl O A0 LS S0 G026 el
is 0.15 or more.
[0011}
A magnetic disk glass substrate according to another aspect of this
20 invention is characterized in that an arithmetic mean roughness (Ra) of a main
surface of the glass substrate measured using an atomic force microscope with
a resolution of 256x256 pixels in a 2um x 2um square is 0.12nm or less and the
number of defects detected to have a size of 0.1um or more and 0.8um or less
in plan view and a depth of 0.5nm or more and 2nm or less is less than 10 per
25  24cm?, the defects each being detected using a shift in wavelength between
incident light and reflected light upon irradiating and scanning helium neon laser
light with a wavelength of 632nm on the main surface of the glass substrate.

[0012]



20In the magnetic disk glass substrate of this invention, it is
preferable that the glass substrate has the main surface and an end
face, the main surface and the end face each have a conpressive
stress layer, and the conpressive stress |ayer of the main surface
has a depth which is shallower than that of the conpressive stress

| ayer of the end face. 25[0016] % magneti c di sk according to
this invention is characterized in that Yat | east a magnetic |layer is
formed on the magnetic di sk glass substrate. In this case, it is

f ble that th ti i Sk i tt ) di in which at
AR ATERG N PO FERERN S R .
ther. [0017] PR i i sk . i
oLnet L0 e ,85FAER. o)l 00FS) SBEKIPL B EPARY,,,

by conpri si nqra) 6 ingkimigh ﬁélﬁg_&pfh (P bis tHengait sOBREE SfUhé aRes 8fibdrate
gl ass substrate using a polishing liquid containing an additive and a
cl eani ng st eps Bfl5¢r 8WMEng t he gl ass substrate polished, using a

cleaning Liquid co&hg}aﬂi ng the additive. [0018] In the magnetic disk
gl ass subStrate ndl turing nmethod of this 10invention, it is

f ble that th j : i : : i
Bei . pol yval ont o he. Bt SOXHRNE S ialc e Ml oRin ARLRRE. ' ©

phosphoni ¢ acibve-plentiphiidsiticisé Has pérg Ik epedficadbfetts prsemhasiphaifage
acid, tripolyphosphoric acid, am no trinethyl ene phosphonic acid, and
sal ts t her eoWith[to®adimese meaandoughyees (Ra)dt Hie lgvel dstheutiginityaaf®.1nm and

T BB e A Tt
or nore 3pd 1P 8ERAGPMorEps diEd %ﬁicﬁlﬁa* 850168 of Potdiferdigani ng 1iquid
in arange of 0.0Iwt%or nore and 5.0wt % or less. [0020] 20In the

magneti c di sk gl ags0sdjbstrate manufacturing nethod of this invention,

it is preferable that the additive is contained in the polishing
liquid in a range 'Bth@megpelicaliskgass agtratemitis miventions itigprefesable

contained in gia?ﬁ]ecélggsné-lf&trgﬂe%gsda dibk &R PhoiQ at WeShidr flordBrafg2nd

3.0mt%or le
assuming that a distance from the center to an outermost periphery is 100%, a

15  difference (Rap-Ray) between an arithmetic mean roughness (Rag) of the main
surface in a range of 80% or more and 90% or less from the center and an
arithmetic mean roughness (Ra)) of the main surface in a range of 10% or more
and 20% or |less from the center is 0.01nm or less.

[0015]

20 In the magnetic disk glass substrate of this invention, it is preferable
that the glass substrate has the main surface and an end face, the main surface
and the end face each have a compressive siress layer, and the compressive
stress layer of the main surface has a depth which is shallower than that of the
compressive stress layer of the end face.

25 [0016]

A magnetic disk according to this invention is characterized in that at
least a magnetic layer is formed on the magnetic disk glass subsirate. In this

case, it is preferable that the magnetic disk is a patterned medium in which at



25Effect of the Invention [0021] In the magnetic disk gl ass
substrate of this invention, an arithnmetic nean roughness (Fla) of a
mai n surface of the glass substrate neasured using 7 an atom c force
m croscope with a resolution of 256x256 pixels in a 2gm x 2gm square
is 0.12nmor |less and, anong defects detected to have a size of 0.1gm
or nore and 0.3gmor less upon irradiatijig light with a wavel ength of
405nm onto the gl ass substrate with a spot size of 5grn and detecting
scattered light 5 fromthe glass substrate, the nunber of the defects
fixed to the gl ass..substrate i.s or less.. 24cnP.. Accordingly, the
nunber of - der et aRareObhoyiets BiamEd PRl SERE o Ra e Fe
roughness (Ra) at Ed@qﬂ evel in the vicinity of 0.1lnmis very small.

[ 0022] 10Therefore, it is suitable as a substrate for manufacturing a
magnet i ¢ di sk havi Agnampgiie tisk gizas substege wianbfaatuning imetined daording i, f or
exanpl e, having a recording density of 160GB or nore per di sk,
particul ar| y 35858 aspedisf Bisjayerdioais chasactelizedyconusisipggealisbingistap

gl ass substrate pf .this i ti i IL: , ss (Ra)
o "o mai nSsurt SoBuid't G0 27 PR RUbHBHE v B TRTHUFLANE o &
force m croscepgimhd Bn ad8ifaLhn 4 eRaRihg $RHeRaBing@hé glaBs Supdma 29m
square is 0.12nm or | ess and the nunber of defects detected to have a
si ze of 0. 1gmpotishathusingadlidznégigoid doatsning thal additiveew and a dept h of
0.5nmor nore 20 and 2nmor less is |ess than 10 per 24cn®, the
defects each bei ng[ogéﬁect ed using a shift in wavel ength between

incident l[ight andr i i L ad ] als)

hel i um neon | aser 'lrﬁtg%‘ea %F“fg' ﬁc {J}{E@Q@g#gﬁ%ﬁtﬂﬁ%ﬁgg%ﬁlﬂﬁ%giﬂ}%@o%aﬂn@aﬁlhg
surface aqb t heveatian st is pRFémBleahatARS QHStIDtIhtaihd 8t 1BEEHRE dPlatekgiet S
present on the surface with the arithnetic nmean roughness (Ra) at the
| evel in 25t lasidy pelyvalent eofing.amine asidyaminopotp¢drbofylo 24, phosphonic acid,
Ther ef or e, [

B o g T 0RO ARehS TR Pt St BB £
having a 8 amino trimethylene phosphonic acid, and salts thereof.
[0019]

15 In the magnetic disk glass substrate manufacturing method of this
invention, it is preferable that the additive is contained in the polishing liquid in a
range of 0.01wi% or more and 10.0wt% or less and is contained in the cleaning
liquid in a range of 0.01wt% or more and 5.0wt% or less.

[0020]

20 In the magnetic disk glass substrate manufacturing method of this
invention, it is preferable that the additive is contained in the polishing liquid in a
range of 0.1wi% or more and 5.0wt% or less and is contained in the cleaning

liquid in a range of 0.1wi% or more and 3.0wt% or less.

25 Effect of the Invention
[0021]
In the magnetic disk glass substrate of this invention, an arithmetic

mean roughness (Ra) of a main surface of the glass subsirate measured using



recording density of 160GB or nore per disk, particularly 250G or
nore per disk. [0025] Further, according to the magnetic di sk gl ass
substrate manufacturing 5nethod of this invention, since the additive
~contained in the polishing liquid used in the polishing step is
contained in the cleaning liquid, it is possible, in the cleaning
step, to renove foreign matter (adherin% matter) fromthe surface of
the gl ass substrate while naintaining the form of secondary
aggregation of the polishing agent and maintaining the interaction
thereof with the surface of the 10gl ass,  substrate. Further, with the

above- ment i o@D PIGE MAETOSFPPS ‘t’itrlg% reSQUAIP PR30y 208 PIE(P 1P @Rt * PHE
aoov ! oo . N ; |
o Fs posei brgufte 1o DERAr ke diR, GRGH) BleqR detdddito ae 3 A AGHIT L

has very fewod@ioes bid PI3RFEH e updnSradiBfiRLRhvith advhvalehbih B osnmean
roughness (Ra) at a level in the vicinity of 0.1lnmand thus is

sui t abl e as anithe glasssabsirdtewith arspghsite of jing Rndvetectnggrattersdrighhg
density. Brief scription of the awi .ngs [0026] Fig, 1 shows

i agr as 51 JomgaGIS subielythe Suchateitak abieesdked injhe 3138 SHpstrate
embodi ment Ofis{P} fBs$ ﬁg “1A%b‘?&iﬁglgttﬁé‘%uhﬁeﬁofsde?&t%’ BlentdMinbs 2

di agram for explalni defects pres on a surface ereof, ‘and (c)

i s a di agr amsfiesiceouipd tieririfigndtitansa1@bgessss GRa) &ahs IevERA Ghe vicinity of Fi g.
2 is a diagram showing a schematic structure of an apparatus adapted
to detect a @éfmgtis very 3mall.nagnetic di sk glass substrate. 25Fig. 3 is
a diagram for explain.ng defects present on a surface of a nmagnetic
di sk gl ass substra{ﬁ%ccordi ng to an enbodi nent of this invention.

Fig. 4 igpa diagr amefr&lf)re??é{ﬂgﬁiit‘%b!é%saa %@‘ggte%r RaRB¥ERGkh alﬁgér@%tié na

magnetic disk. 9 I's a diagram show ng a sc tic
structure of dsk hagipanagnsti@p@pities with adedchcdmailled sike,dor exarple, hamignet | C
di sk gl ass substrate.
recording density of 160GB or more per disk, particularly 250GB or more per
disk.
[0023]

15 In the magnetic disk glass substrate of this invention, an arithmetic
mean roughness (Ra) of a main surface of the glass substrate measured using
an atomic force microscope with a resolution of 256x256 pixels in a 2um x 2um
square is 0.12nm or less and the number of defects detected to have a size of
0.1um or more and 0.6um or less in plan view and a depth of 0.5nm or more

20 and 2nm or less is less than 10 per 24cm?, the defects each being detected
using a shift in wavelength between incident light and reflected light uf)on
irradiating and scanning helium neon laser light with a wavelength of 632nm on
the main surface of the glass substrate. Accordingly, the number of defects
present on the surface with the arithmetic mean roughness (Ra) at the level in

25 the vicinity of 0.1nm is very small.

[0024]

Therefore, it is suitable as a substrate for manufacturing a magnetic

disk having magnetic particles with a much smaller size, for example, having a



Mode for Carrying Qut the Invention 5[0027] Wi | e devel oping a
magneti c di sk glass substrate that satisfies the requirenent for

i nproving the recording density which will increase nore and nore in
the future, the present inventors have found that, for exanple, even
using gl ass substrates with the sanme roughness and with the sane
nunber of 10 defects as a result of an 3pspection by a specific
defect inspection apparatus, there are fferences in areliability
test and so on after the glass substrates are fornmed into magnetic

resent 1 overBeuding SRubhd 150 el R oA D SRR S iR ek

def ect mspegﬁé;ﬁn apparatus, there are those fixed to the gl ass
substrate an ose not 15 fixed to the glass substrate and that the
defects fixed to tjo@2g] ass substrate affect the reliability test and

so on. Then, as a result of further intensive studies for solving
this problem the Bllﬂ@lﬁé,rﬂccpmtodhg Megvetiq deielass srlshiete Manufacturing

significantly r .defects.fixed taq.a gl tra have, f ound
That it 18 prndfid 8l B8 RsPheicaay e chiRfed i BBl ma iRt o
achleV|ng bo t a

.conpl et ed thﬁ%e?hdvt‘gmp%ﬁsrﬁﬁqlﬁﬁg@éorﬁélﬁ'e&ﬁ uéf {:Iﬁgﬁnﬁ'ﬂq}lgﬁ |§|sﬁ@§bié e

i nvent or s hawvieahmgrateqd, hatemdve farmg‘rgmel&ére(aﬂhiermganattecmm ltiye surtzmechve
defect of a specific size and depth is present on a glass substrate,
the reliabil ﬂ'i'%/gléﬁs ghheiigieavhilg @Rmiaé“'%gﬂf@rf@'é‘l‘ 9f %P@@Qféélggfﬁgéhon aithg

oresent i nve AR aqrlh S i Ehisgh B8 rieaRate Bk DemliRbFRlyme ™

concave dgf e@la%s%ﬁbﬁra‘%@eqrdrth%r %ﬁﬁnaaso@ﬁbhnaféd%oaf@ﬁﬁn@v hﬁé p&dstle
have found that it is possible to provide a magnetic disk gl ass

substrat e capabaglyoémaehihevoreigrovnatierdyl inseasingtmeehsmivad affibly.f s a
concave defects, and have conpleted this invention.

0029
Fer oi nbel o CENRSUPHEN{4S PSP & PAUWAENEHA FIRGRe it dians Betetiate
detail with cﬁ S @m}ébﬁr%aggfaéeﬁ%.@sﬂ{a%&ﬂvnﬂ%n d&?ﬁr@ﬂ I mean

( Enbodi nent hows rans of a nmagnetic
substrate acwgﬂmegs (A3) at a level in the vicinity of 0.1nm and thus is swtable asa

15  substrate for a magnetic disk with high recording density.

Brief Description of the Drawings
| [0026]
Fig. 1 shows diagrams of a magnetic disk glass substrate according to
20 an embodiment of this invention, wherein (a} is a side view, (b) is a diagram for
explaining defects present on a surface thereof, and (¢) is a diagram for
explaining the roughness of the surface.
Fig. 2 is a diagram showing a schematic siructure of an apparatus
adapted to detect a defect on the magnetic disk glass substrate.
25 Fig. 3 is a diagram for explaining defects present on a surface of a
magnetic disk glass substrate according to an embodiment of this invention.
Fig. 4 is a diagram for explaining a crack of a magnetic layer in a

magnetic disk.



an enbodi mrent 1, wherein (a) is a side view, (b) is a diagramfor
expl ai ning defects present on a surface thereof, and (c) is a diagram
for explaining the 10 roughness of the surface. [0031] A
magneti c di sk glass substrate 1 shown in Fig. 1 is such that an
arithnmetic mean roughness (Ra) of a main surface of the glass
substrate neasured using an atomc forcg m croscope with a resol ution
of 256x256 pixels 15 in a 211lmx 2).tmsquare is 0.12nmor |ess and,
anong defects detected to have a size of 0.1 pmor nore and 0. 3i.

or | ess upon irrad%at th a wavel ength of 405nm onto the

gl ass substraie w o gl Shanga e anaietre ALA EBRARHE
| ht f t f dt
tlhg gl a;gmsuté???{g?galdgfé??orgf{egrs%r{ms rﬁ%ﬁ%d@&g%ﬁg@féﬁ?&s Izg shgvvn

in Fig. 1(b), defects present on a surface |la of the magnetic disk

gl ass substrate 1 include adhering matter |Ib of the kind that can be
easi | y renovédpdsyfocCaayingut thedneendionvex defect Ic fixed to the
surface and a conC@}sg defect I d which either cannot be easily renoved
by cl eani Hg. The 2 Gkect intended in this embodiment is the convex
defect lc fixed to\l\fh’?@déﬂaﬁé aﬂ{ag'h@ﬁ‘c &igwg%&%‘s“trﬁ%thh%ﬁ@ﬁ& fia
crack generated in glass substra proces e generated
in substrat erédumemeziafdrDnlbrbvia@ﬂ’feerfecor'ﬂh‘@tdensuy whieh agif lﬂ@ﬁea*s@hﬂfél@ﬁbl n
this enbodi ment is a convex defect or a concave defect i
(stationary Gufedt thedeks, Nepyesent inyentormhavegfound thas feumeempie, lesenf t he

Condi 1 on of UFHEe SHBRAES G L Rte oot PG peife 0GEPLS
sol utionygdj Hafeef ds% fé’é‘ﬂlt of@]ﬁnﬁb@c’i‘lehlﬁ dirt bercths dﬁé&%oh rﬁfugn for

200 seconds in the dilute sulturic aC|d ol ution 5a uste pHA is
a condition tHea¢ aresdierehces ieatrelahility sbandgp binefterahe giasedutmﬂﬂaeafsl arg
matter | b while maintaining the |Level of 0.12nmor |ess of the
surface rougfh@sd 'r(tamaegnﬁr@q ﬁjlékﬁma—r’?ei"o@gﬁf&%@ of flitiggntiypiudymgdisreasad, | a

Tothat o0 Hebe el R ThiR! Getefingid HerteIRRERPudhapeRy
def ect whos ewﬁﬁéétfoh%pﬁfatdshﬂle@é AethS$EHicab thd SastPsuaitaRaed thesdiftect
judged not to have noved) before and after the glass substrate is

i mrer sed1$ or flﬁﬂlos@e;glaas stubstrateearuu that tbe siefelctsr fixed de thed gladsusubsinate
adjusted to . ..Spe cal | ssible t eC| fy a stationary
def ect by spgﬁqﬁm‘ﬁ&? ’Hb&%‘sﬁ g'ﬂﬁs‘bf’”a ﬁlﬁ%@? adﬁSLﬁtﬁg ythes intansivg pst r at e
usi ng an opt al n in a
"9, o of ViReaFBTing ARRESHALLMALH thent RO ADRE ¥ b

position of using t
above- nent i osigeificantly reducing defects fixed to a glass substrate, have found that it is

possible to provide a magnetic disk substrate capable of achieving both a low
20 roughness and few fixed defects, and have completed this invention.

[0028]

Further, the present inventors have found that if, among defects,
particularly a concave defect of a specific size and depth is present on a glass
substrate, the reliability of a magnet disk is adversely affected. Then, as a

25 result of further intensive studies for solving this problem, the present inventors
have found a method of significantly reducing concave defects of a specific size
and depth on a glass substrate, have found that it is possible to provide a

magnetic disk glass substrate capable of achieving both a low roughness and



apparatus after imrersing the glass substrate for 200 seconds in the
dilute sulfuric acid solution adjusted to pH4 and cl eaning the gl ass
substrate with water and | PA, and then conparing the positions of the
defect before and after 20 the cleaning. [0034] It is considered
that, with the arithnmetic nmean roughness (Ra) at the level of 0.12nm
or less, a defect that is not conventi oislly recogni zed as a def ect
newly affects as a defect the properties of the nagnetic disk gl ass
25 substrate. Therefore, it is necessary to control the nunber of
defects that are detected by appar at us, capabl e of detecting a
defect with dS¥iCPRCHE GRlRs: af?ir}ﬁ"gfgmﬂf‘ef?g?dtﬁﬁ”E"Fﬁ“g%nbodi ment, the
nunber of defects ' ére nunber of defects that are detected by such
an apparatus capable 0f detecting a defect with a size 12 of about
lum or |ess. [0035Hereinbelow,dettRidmerifof thissmamaen hilldss deperibédid dotgie of
a defect represents the width of a defect in a main surface direction
(not a dept h vdihrretarenas)todiie agrompabying drawiagki, 5 when a defect is not
circular, the size @E 1the defect represents the | onger dianeter

t hereof . for exarrpi0 ,0 n Fig. 3, the size of a defect 21d is given by
W [0036] As the agﬁ%(ﬁﬁmgmf r inspecting a defect on the surface of
the magnetic 10 di glass substrate 1, there is, for exanple, an
appar at us havi ng arigt 1 ghows SiaghevgofiambgpticAiskidiessaqupairate s catingioi n
Fig. 2 is an optical defect inspection apparatus (Qptical Surface
Anal yzer) and@n@imgndirest hmer%garms a sidgrview fo)dea dindiemdenxplairing or

detecting ref]Jected |light of laser |ight he lLaser 11 jrradiates

T ght - havi ng CEERPH TG T RSy Palo g (5 B 4B8R &L PR ThE e
obj ect inRga laidhbas ofthbeeihq thereof while the laser 12 irradiates
i ght having diTtectivity onto the glass substrate 1 as the

measur enent obj ect[0D81]a circunferential direction thereof. In such an

apparatus, it is possible to detect a defect having a length in the
radial direction ahiagngiq digk Qﬁ_é%ﬁ‘#\‘bst@tq takewn I"'rf'@-hk'_scﬁ“?% éF‘e_nti al
di rection. F%Fi{r&pr%’tilb rﬁ@ﬁ‘prohgﬁrfé’ss'(ﬁa)c&%lﬁgﬁ ﬁ%%aéfgﬁhg;ﬁé% suBSflie! 1 Oht
into its 20spectral’ conponeénts, ‘I .e. capabl e of separating |aser

light into | as@isutdddi¥ind 4h atofhid REdd RiRrdbebpewih aubsdlution dfl266 @5ESSixels
substrate 1 and laser light in a direction horizontal to the glass

substrat d51. irGaipaibt Burisgeete ig Dt i2no¥ orllesseand, agieng defsstsdistenied tvehaviend
of a defect. Therefore, by sepa ing the laser lLight intg its
spectral conﬁcﬁ‘?@rﬁfé)'ﬁ‘gnaé\é'@r’? E%cgjgél&m’!eqstuqogl %@gﬁlﬂ gt Whacuratel y
carry out de I i : Li rat us
shown in Fi gﬁg,&i'eﬁ ﬁtg?q?ggé?ﬁﬁgn’gd;ﬁﬂ}%ggagé%gfr}%ﬁtgg@'lr&g gp ! bé')%%trorgﬁrﬁ%ggout
41.tm x 51.t getdctisy baperedvphefremahdgiass stissttate, anenirhieerud ey défsctbar ge

so that the defect detection sensitivity is high.

fixed to the glass substrate is 1 or less per 24cm®,

20 [0032]

As shown in Fig. 1(b), defects present on a surface 1a of the magnetic

disk glass substrate 1 include adhering matter 1b of the kind that can be easily
removed by cleaning, and a convex defect 1¢ fixed to the surface and a
concave defect 1d which either cannot be easily removed by cleaning. The

25 defect intended in this embodiment is the convex defect 1¢ fixed to the surface
or the concave defect 1d such as a crack generated in glass substrate

processing or a damage generated in substrate fluidization/transfer. That is,

the defect intended in this emboediment is a convex defect or a concave defect



[00371 13 The magnetic disk glass substrate 1 according to
this enbodi ment is such that the nunber of defects detected to have a
size of 0.1 p.mor nore and 0.3pmor less is 1 or |ess per 24cn2 upon
irradiating light with a wavel ength of 405nm onto the substrate with
a spot size of 5p.m and detecting scattered light 5 fromthe
substrate using the apparatus shown in 1 g. 2. The magnetic disk

gl ass substrate having very few defects present on its surface with
the arithmetic mean roughness (Ra) at the level in the vicinity of

0. 1nm as descri hed above is sujtable as a substrate for a nagnetic

di sk with hi ghapenasy deiegh c’féH%'PW withppignadng endepiarad gt Bivgirgnsic
P19 (2o S TSR Siooihe! WMo RS BBPORLAN 8ndh Llorbln oY LAl

i rradi at es Ilg avl ng ass su

ci rcunf er ent ijgd 208Ngbcbipdl mla anufeemw@ma ReN.e6H adinsted &4 slqhs w@@é@xﬁﬁg
based on reflected light fromthe glass substrate, it can

simlarly usedndition di the Iismerdidfiongei s¢c@dE9]n the dilute suﬁurw&misblmmk

drive (H devi ce i ncorporati.n nmagnet j ¢ with the adyance in

Govi oo o oh aasrcitomraiRg anulth Bal B Lkt fr EnaritieaoarErd ang a
tic h

20" convex Si‘%e g e A WR ol T R I B Fannflor ReE BPRBELTLG, @

gl ass subst rmlﬁghhegéw@trmmmﬁemoagmésg (REYYRY 8@ Juyfabé €A0F e mafriets a
magnetic layer and so on are provided on the magnetic disk glass

substrate |t diskglasssubsigatetliaftediheicleaningre is a possibility of the
convex def ect exerbg\%g i nfl uence upon collision of the magnetic head.
Ther ef or e, r{ rable that particularly the 25 convex defect be

as smal | 1@3 IOOSSI bt id, Q%Q]er?bodlmerﬁpﬁ@isiétﬁﬁé Yoefékt Fﬁﬁé&n@?é{%ﬂ& of

an arithnetic mean roughness a maxi rru peak

surface of awhampﬁmﬂbrdmrxsthe@lm&ubﬂt&ié isatict changeli(aetdoe fualbed nék id5 or
nore. Herein, as shown in Fi 1(c t he maxi num peak hei ght (Rp

represents ahaysmnared W?@Hg)ﬂﬁﬁréh%@ﬁséuh%@ﬁe isdmatessredior Qﬂesqqyn)aken
line in Fig. mllgg)d?lutg ﬂlf!.lr[crg1 dg&iutlo%eacl( usted tto pcf-ﬂt [S%%m%ally, it is possible o

specify a stationary defect by specifying a position of a defect on the glass
15  substrate using an optical defect inspection apparatus, then specifying again a
position of the defect on the glass substrate using the above-mentioned
apparatus after immersing the glass substrate for 200 seconds in the dilute
sulfuric acid solution adjusted to pH4 and cleaning the glass substrate with
water and IPA, and then comparing the positions of the defect before and after
20 the cleaning.
[0034]
It is considered that, with the arithmetic mean roughness (Ra) at the
level of 0.12nm or less, a defect that is not conventionally recognized as a
defect newly affects as a defect the properties of the magnetic disk glass
25 substrate. Therefore, it is necessary to control the number of defects that are
detected by an apparatus capable of detecting a defect with a size of about 1um
orless. In this embodiment, the number of defects is the number of defects

that are detected by such an apparatus capable of detecting a defect with a size



5By setting the ratio (Ra/Rp) of the arithmetic nmean roughness (Ra)
to the maxi mum peak height (Rp) on the main surface to 0.15 or nore,
the flying stability of a nagnetic head (particularly a DHF head) can
be further inproved in a hard disk drive incorporating a magnetic

di sk manuf actured using such a glass substrate. Therefore, the
above-nentioned magnetic disk glass 10 gsybstrate can be suitably
applied even to a hard disk drive with increased recording density.

[ 0042] Further, taking into account that the distance between the
magnetic di sk e_magneti c head has been reduced, the

arithnetic neoéﬁb?lg@ﬁrhgrgsfl?a) 15is preferably uniformin a w de
regi on of the magn !33] di sk gl ass substrate. [0043]

Specifically, as shown in Fig. 1(a), it is preferable that the
magneti c di sk gl asBlessirpdn thid petificaticen, thedsizkofshdgfeciwepiesenth thecwidtradf
the center thereof and that, assum ng that the distance fromthe

center to theé Qﬁi@@ﬂ%ﬂa”ﬂ)éww&rvcm (nebaslepth diregiigry 6f tmcs@bw@t@aﬂm )

bet ween a i i in a
ange of - Bor MGl TE G RYBRIEE o0 PElb ciloct B SR8 ¥ e
arithmeti C R SBHBBRARES F@d?%lthﬁfe, Hﬁgr@'tﬁb ik bAE Befebt 21 d |§ fb}y 10%
or nore and 20% or |ess fromthe center be 0.0lnm or |ess. 004
25Wth this #ructure, it is possible to reduce variation in surface

roughness on the glass substrate surface and thus to further inprove
the flying stabiliO938f a magnetic head (particularly a DHF head).

[0045] ~ 15 Kéth% ngrﬂg’of é?&:ng‘;a}téslﬁgct%fn(t QHJffc%tdﬁﬁé‘ﬂa%Eth%

magnetic disk gl ass” sub i ng erein, a seco

pol i shi ngopr @fsﬂs;;qassrmstbﬁeqafi-ret@ﬁ wtaxarﬁ?@garaamrﬁmg hafingalshabiurg t he
gl ass substrate surface by uniformy applying a force thereto.

Speci fi cal | y shéwn irelign®| elhe apmraiamswralmﬁlgaxﬂelg angiptical Slafest mapeciion
et YD POl PRGN 0 RO 8L S Sl AFPa R RS
detector 13 for detecting reflected light of laser light. The laser 11 irradiates
light having directivity onio the glass substrate 1 as a measurement object in a
15  radial direction thereof while the laser 12 irradiates light having directivity onto
the glass substrate 1 as the measurement object in a circumferential direction
thereof. In such an apparatus, it is possible to detect a defect having a length
in the radial direction and a defect having a length in the circumferential
direction. Further, each laser is capable of separating laser light into its
20 spectral components, i.e. capable of separating laser light into [aser light in a
direction perpendictlar to the glass substrate 1 and laser light in a direction
herizontal to the glass substrate 1. Suitable directivity of laser light depends
on the kind of a defect. Therefore, by separating the laser light into its spectral
components as described above, it is possible to accurately carry out detection
25 of various defects. Further, in the apparatus shown in Fig. 2, the laser size is
as small as, for example, about 4um = 5um, the laser wavelength is short, and
the power is large so that the defect detection sensitivity is high.

[0037]



The magnetic disk glass substrate 1 according to this enbodinent is
an isotropic substrate. That is, the surface roughness (arithnetic
mean 10roughness (Ra)) of the glass substrate in its circunferenti al
direction and the surface roughness thereof in its radial direction
are equal to each other. [0047] As a material of the nagnetic
di sk glass substrate 1, there can be citgd a nulti-conponent gl ass
such as an alum nosilicate glass, an 15af um noborosilicate glass, or
a sodaline glass, a crystallized glass, or the like. Particularly,

br ocessed and | &L BEODPS ASkERST Sibelglol egf R efveodments

strengt heni "ueh H{a‘é‘%ee' nq)dg@?er[o‘f’ﬁél@]:ts%%?é&?ed‘tﬁ Gk h“s:z‘é'og'ﬁ ﬁlﬁ??mﬁ@é{c{ ate

1 according to has nmal'n ‘sur aces aces and

nmay be confi guaedlosleedid hatlebhperdicm?spoh aertatiag dghthatrendaieessh af e
formed wth a conpressive stress |ayer and the depth of the

conpr essi ve §95@f§§nﬁ€a§h§rsub$tr@a¢wh rea$Pot sige Phewm jagd §ﬁa0ﬂm\é¢aﬂemlgﬁhe
dept h of

h t
ot act ubn: 3ET0Re B HHR HeD eSS aSEiRTd % & 158 gt disk
above- ment | ofee SEUEU BRGNS0 BRI eodRbn RS it 8PP Vi 10

chem cal stréngthening as | xchange ass substrate and

t hen appl vyi ngnmmblnﬁamu@mme?gsalmth@tehemmma welnityesfesioh akhe
substrate. 16 [004%13 A magnetic disk is produced b]%/ form ng
at | east a magesioed abayeis %‘ﬁaﬁlﬁésrﬁeﬁyﬁ%@t@ f@l%‘ﬁam%@sﬂ'%&mﬂl igie 1

havi ng the abovesnenti otned structure. That is, normally, a magnetic
disk is nanuf%?@qu%ae%%/ﬁ am nating an underlayer, a 5magnetic |ayer,
a protectpve |ayerppogg)d a lubricating layer in thi s order on a
magneti c di sk gl ass substrate. The underlayer in the magnetic disk is

properly sel ect ed Thepsppdratgs simvwrhia Fn@.ghetohe ekapple. ASOGB@asimce t he
magnetic disk of this invention is free of specific defects, it 10

can be suit aBPRRTAWEHS Pidpe iPe tARY ifagiates ighkhaxingsirenibity 9Ria 20RRS ch at

| east substrate in circumferential and radial directions thereof and detects a defect
based on reflected light from the glass substrate, it can be similarly used in this
15 embodiment.
[0039]
[n a hard disk drive (HDD) device incorporating a magnetic disk, with
the advance in device size reduction, the distance between the magnetic disk
and a magnetic head has been reduced. As a consequence, with respect to a
20 convex defect among defects on the surface of the magnetic disk glass
substrate 1 that cannot be easily removed by cleaning, after a magnetic layer
and so on are provided on the magnetic disk glass substrate 1 to form a
magnetic disk, there is a possibility of the convex defect exerting influence upon
collision of the magnetic head. Therefore, it is preferable that particularly the
25 convex defect be as small as possible.
[0040]
Specifically, a ratio (Ra/Rp) of an arithmetic mean roughness (Ra} to a

maximum peak height (Rp) on a surface of a magnetic disk glass substrate is



adj acent recording tracks are magnetically isolated fromeach other.
[ 0051] Herein, the patterned nediumis a magnetic recording
mediumin which a plurality of magnetic regions each serving as a
recording bit unit are 15 i ndependently formed in a nonnagnetic

| ayer. [0052] (Enbodi nent 2) Fig. 3 is a diagramfor
expl ai ning defects present on a surface1gf a magnetic disk gl ass
substrate according to an enbodi nent 2. 20[ 00531 A magnetic
di sk gl ass substrate 21 shown in Fig. 3 is such that an arithnetic

Toan TOUSNNeSSoaly 8led: FRIL SHLACE: Hollf HLA3D, HELEALE ABRCLY o

using an ato m-croscope Wt resol'd | xel s

in a 21.1m X pgiyhk (RSIEpieBentS aQilétErﬁt@ (fh@g;h?%‘éﬁwé@hda iBén PefBiefte Qrf1e

defects detected to 25 have a size o 11m or nore and 0. 6gm or

| ess i n plan (bioken melindFidetich aofl adn&amuorpeslpertiomd 2nm or less i s

| ess than 10 per 24cn12 the defects each being detected using a shift
in wavel engt h bet OB I ncident light and reflected |ight upon

irradiatigg and sc r I hof
17 G32nm 8 the nach ey BEHFRRAR ARG arlrpfete e o BgHRLE (EER
shown in Fi gihSmadeiies pealPRagiRTRpPOn theSHahattadd® @15 bh@oraanet c}mgn
di sk gl ass substrate 21 include adhering matter 21b of the kin at

can be 5 eas|slqbllnsemmgbqtlod1@ar(pm@¢ulamda@Fﬁﬂm&cd@bemrtfmwnmnwech

concave def ect dﬂﬁh h either cannot be e noved by cl eani ng.
'n a convent ibARA a'ﬁéﬁ“rednmrewaamgn%ﬁgf35#@)/@ o ST §VET B
as a concave glaf effqrathl STHBré?fBFéO'tH ?&tﬁﬂg&%@ﬂ&ﬁ‘é &Lkgl 5% gl ass

Ther ef or e, 1gamanet|c ayer orne netic

substrat @pin suﬂ?eﬁrasé aarebwgezta@i}t aliet eveptd a hérdFd‘MWb,WIﬂl‘lh@créQsewgne't ic
layer follows the mcropit to forma concave portion and this concave
portion formea@rdinggengilybi t. Since this way the nicropit

conventional ly for[ﬂg éhe m ssing bit to cause a signal problem it
has been desired t ?]t he magneti c di sk gl ass substrate has no '

mcropit. [0055] wﬁhepaféklﬁ)fﬁﬁb J,l&léﬂﬁt ﬁﬂaﬁhe%&%twwtﬁéﬁ n@tlc dlsk

recordi ng density advances to reach a recording density of

nore per disknpd ﬂwmagmét@rﬁeﬁd%@@emredmee, the eritdhireic meeamerougﬁr@ss (Ra)
surface roughness (Ra) at the level in the vicinity of 0.1lnmis
necessar yoant§ Pf@ferﬁ%hli HEsmdn @ wide FraiRreCidbe Btagsetpdiphglags sybsiralt 1gm
or less, i.e. ﬁﬁbi{ﬁd nanopits, are desirable to be as few as
possi bl e. ThIS is

Specifically, as shown in Fig. 1(a), it is preferable that the magnetic disk
glass substrate 1 have a disk shape with a hole 2 at the center thereof and that,
assuming that the distance from the center to the outermost periphery is 100%,

20 adifference (Rap-Ra)) between an arithmetic mean roughness (Rag) of the
main surface in a range of 80% or more and 90% or less from the center and an
arithmetic mean roughness (Ra)) of the main surface in a range of 10% or more
and 20% or less from the center be 0.01nm or less.

[0044]

25 With this structure, it is possible to reduce variation in surface
roughness on the glass substrate surface and thus to further improve the flying
stability of a magnetic head (particularly a DHF head).

[0045]



20 because, as shown in Fig. 4, when a magnetic layer 23 is formed on
the magnetic disk glass substrate 21 in the state where a nanopit 22
is present, a crack 24 occurs starting froma nagnetic |ayer portion
on the nanopit. Then, if the crack 24 occurs in the magnetic |ayer 23
in this manner, corrosion of the magnetic |ayer 23 proceeds fromthe
crack portion. Accordingly, in a substrgge 25 for a magnetic disk
with a recording density of 250G or nore per disk, being free of
nanopits is inportant in terns of the reliability of a nagnetic

| ayer. Therefore, the defect intended.in this enbodinment i.s concave
defect havi ng a si S800F St el A Mipe afhgl g MsEaindiR dRdiRow
and a dept h Q{pBREMrRY polbRingRh&refnd sSBACSOILRRG eSS &Y bEtarried
nanopit) and the tebhni%al igga of this e (y ingﬁt FggtdﬂtontHgF t he
nunber of namapusisg Bondikod eichatielding theaglasndktratediusticagbyasifsmbst r at e.
In this enbodi nent, the nunber of defects is the nunber of defects
that are det &PPWNIR oS HPISH- atPpeciadibiosexample:thistdan pesshicvad daingct
5 havi ng Si of.. 0. re and 0. 6gmqr less in plan vie nd a
depth of 8. SR EBENEE piTio Pevtne Rty = Riad ooifsh HeSli=R:

i nspecting aygaé eekdinghbMetdAGHPhind dBOMEL Slaldb sk gl ass
substrate, there is, for exanple, an apparatus having a structure 10
shown in Fig. 5. THe4epparatus shown in Fig. 5 is an optical defect

i nspection apparatus and i s an apparatus using the | aser Doppler
t echni que. This appP# Bagreticslighrglasssubstratedracsordinatodhig embednren is arpr

det ti i i T . i | at d
coane | aver - ITRPESHORFRE. inat S Mo qurddl roltfine 8o Bt 420, °, °° 2"
neasuremgpt  edighabss (FEYof thé1gladebigsshate iddis ¢Rb@ffeferdial@iRaneprhhd Pased

on a shift in wavel ength between incident Iight and reflected Iight
when t he | aseurfadeghughress thexedfan dsiramial dyestionede equal heeacigetbed ¢ di sk
gl ass substrate 2][ 9‘%78057] The magnetic di sk glass substrate

according to this Q dinment is such 20 that the nunber of defects

detect ed 't 0 have aysh el O the MBAEISTE RRY b A8 Rind B0l ke

view and a depth nm or nore -a ess I's less t per

24cn2, wher eamulireodpb et §lags sucthahanl alupti@dica®i dMssaashi ft in
wavel engt h between incident |light and reflected |ight upon

i rradi atiifg akmirebamsiliegter@assyat acodalimesglasy, agrstalized wassacichefite.n of
632nm on t he netic disk.qgl ass 25 substrat t he use of the
apparat us s thﬁgv'ﬂ”#ﬁ’b@ algmw%q@c%t'eagiasssg% BT 5@8 %ﬁﬁ%‘fsﬁdt ALY RE ‘F%"{}\.\/y
defects pres i : TE-Tor=JTY w-h o i

(Rey i e PRoefRde B EUATRolably iR oy hehice) SRARuiaaS
sui tabl e as Ekesubstrate for a magnetic disk wth high recording

density. 19 [0058 In the magnetic di sk glass substrate 21
according to thisl dinent, it is nore preferable that a ratio

(Far ) g 20 o] IS e ARy USRS e BB MR IRIe
main surfaces and end faces and may be configured such that the main
surfaces and the end faces are formed with a compressive stress layer and the
depth of the compressive stress layer of each main surface is shallower than
the depth of the compressive stress layer of each end face. The manufacture

25  of the magnetic disk glass substrate of the above-mentioned structure can be
achieved, for example, by applying chemical strengthening as ion exchange to
the glass substrate and then applying a polishing process to both main surfaces

of the substrate.



5Wth this structure, the flying stability of a magnetic head
(particularly a DHF head) can be further inproved in a hard disk
drive incorporating a nmagnetic di sk manuf actured using such a gl ass
substrate. Therefore, the above-nentioned magnetic di sk gl ass
substrate can be suitably applied even to a hard disk drive with
increased recording density. 10[0059] ltgis nore preferable that the
magneti c di sk gl ass substrate 21 according to this enbodi nent have a
di sk shape with a hole at the center thereof and that, assum ng that
t he di stance from @ﬁ gent er to the outernost periphery is 100% a
di fference (Rao-Ra 8 tween an arithmetic nmean 15 roughness (Rao) of
the main surface i pmagrRngeiskis HO&acud b}ﬁbﬁniﬂ?@t RAY DmabRSR: YR Bntthe
center and an arithnetic nean roughness (Rai the main surface in
a range of 10%wetummbmmb%aie1|Iwmgftheaboveemeettw@d sreciore 1nhhatt is,
|l ess. Wth this ssructure it gosm bl e to redyce varlaElon in

surface r ougrﬂ‘t’é@él Yo Magnetis Q’§£§ Qyfactuedfy ipmmating an URdRIaYEn fur t her
i mprove the flyifgs %%ﬁir&t‘e&%qu ﬁfb‘rt?.’ﬁtrﬁge}%fe(r e &H%ta&{ y a DHF

head). [O 60] exa manufacturing this
magnetic di Skn&Hra§6 dRMifse @Ul@strefte narhenmcieﬂayérgn freah&irivtic diskes ﬁmerl
pol i shing process) nmay be carried out using a nethod of polishing the
gl ass substr@E@CMrd@eédlbgOmﬂ‘lémﬂgﬂeﬁlcﬂayeappl ying a force thereto.
Specifically, for 63&2 this can be achieved using a planetary
gear type poli shi n@ hi ne to polish a plurality of glass substrat es
whi | e hol ding the Yl%erﬂ r

The magnetic di skm‘a g%s su gtdleﬁz t@%ﬁﬁ% t?dHéfl%@toEE;Zécg%bd%%Qngﬂ has
mai n sur flacesanibe sahsblf a@ezspaﬁwlmmpmhergmeﬁmsmmldﬁmtleashe mai n
surfaces and the end faces are formed with a conpressive stress |ayer
and the dept Rdigcertiecaisingtasks gie magnaiisallydgelatedirogneachlfier surface is
shal  ower than 5 Ldag ﬁepth of the conpressive stress |ayer of each
end face. The nman % ure of the magnetic disk glass substrate of the
above-mentioned stseidliR fRrRe AEMLAVEE. méﬁetn@?&%ﬁh@bmguiuﬁpﬁ'%ié}g
chem cal strengthening as ion exchange to the glass substrate and

t hen appl yi ng pmlr[ahtylo’smaggetmreglees etch baving meiaresondingdduniifargé he gl ass
substrate. 10[ 006 rl_e a material of the magnetic di sk glass
subst r at &9 21'”dleH§‘P %'&@’B@dd"?é@"@aﬁﬂ?tﬁ 2¢¥nponent gl ass such as an
al um nosilicate gl@éiz] an al um noborosilicate glass, or a sodaline
glass, a crystalli glass, or the like. Parti cul ar| y, the

al um nosi | i cate gl @pfbodfmétitef er abl e because it can be easily 15
processed and it can be increased in rigidity by chem cal

st rengt heni ng or tifig. 3 iskeediagra06®] explaining defects present on a surface of a

magnetic disk glass substrate according to an embodiment 2.
20 [0053]

A magnetic disk glass substrate 21 shown in Fig. 3 is such that an
arithmetic mean roughness (Ra) of a main surface of the glass substrate
measured using an atomic force microscope with a resolution of 256x256 pixels
in a 2um x 2pm square is 0.12nm' or less and the number of defects detected to

25 have a size of 0.1um or mare and 0.6um or less in plan view and a depth of
0.5nm or more and 2nm or less is less than 10 per 24cm?, the defects each
being detected using a shift in wavelength between incident light and reflected

light upon irradiating and scanning helium neon laser light with a wavelength of



A magnetic disk is produced by formng at |east a nagnetic |ayer on
the magnetic disk gl ass substrate having the above-nenti oned
structure. That is, 20normally, a magnetic disk is manufactured by

| am nating an underl ayer, a magnetic |ayer, a protective |ayer, and a
lubricating layer in this order on a magnetic disk glass substrate.
The underlayer in the magnetic disk is pyoperly sel ected depending on
the magnetic | ayer. [0064] 25Since the magnetic disk of this
invention is free of specific defects, it can be suitably used

acording 11 dopen P EhREAEEVEER § B drty b Bm cach ot her . [ 0o6s

21 (Enbodi ment 3) [o054] In this enbodl ment, a magnetic di sk gl ass
substrate manufacturing nmethod will be described. [0066] 5The
magneti ¢ di sk gl asAs shisn nctig. mwcm:prasémgnmmde ata of e mgagnetit hi s
enbodi nment corrprl ses a process of applying at | east shaping and

| appi Rg to a dfkglassaubsiratad inpldegaheripamatiss 2Haphthe iinddbatLan e
|
P ocess of cieaa efiovRE bl pEalfay I Thoive Helett B A ROF oBrcil BRleiEe1g

an additive Q@fﬁrﬁélméﬁcariho@bé)@lm@hbm@véd Wbi@aﬂiﬁéorln%nbé‘nthﬂﬁl
polishing process is contained in a cleaning ITquid for use in the

cl eani ng pr ocwagneti¢ OBBQ]ass/Bumt@m&adlnefrema mjgropihas amnodaxe tdafest.of This

magneti c di sk gl a bstrate co |ses Sha Process and First

Lagp. nlg Pr Ioié@ Opigﬁgéﬁfﬁalﬂéﬁﬁ%ﬂl éfﬁgf lfradgé%‘%“(:é%’ter °E5fr‘ ‘é%s

for formng gdQ ny &b ateﬁr?ﬁw%ss? B%efré’{rf@'rﬂ‘ér RAhBE Ces
pet | Sh Y

at end portl ons eral end |on and i nner perip

end portion) n(agham lay@:oroﬂ@caethémarbbmtcproﬂﬁmhbave( ;Sarmﬁﬂmd:meconcave
Pol i shing Process (outer peripheral end portion and inner peripheral

end porti on) poitian f@asenanissigditn g SMce dlis way Aeimica)piltanveSionalicierms
Pol i shing Pr %%er%tssmg bit to cause a signal problem, it has been desired that the magnetic
disk glass substrate has no micropit.
[0055]

15 It has been found that when the increase in recording density advances
to reach a recording density of 160GB or more per disk, particularly 250GB or
more per disk, a very low surface roughness (Ra) at the level in the vicinity of
0.1nm is necessary and, simultaneously, concave defects having a size of 1um
or less, i.e. so-called nanopits, are desirable to be as few as possible. This is

20 because, as shown in Fig. 4, when a magnetic layer 23 Is formed on the
magnetic disk glass substrate 21 in the state where a nanopit 22 is present, a
crack 24 occurs starting from a magnetic layer portion on the nanopit. Then, if
the crack 24 occurs in the magnetic layer 23 in this manner, corrosion of the
magnetic layer 23 proceeds from the crack portion. Accordingly, in a substrate

25 for a magnetic disk with a recording density of 250GB or mare per disk, being
free of nanopits is important in terms of the reliability of a magnetic layer.

Therefore, the defect intended in this embodiment is a concave defect having a

size of 0.1pm or more and 0.6pm or less in plan view and a depth of 0.5nm or



20(first and second polishing processes) and C eani ng Process.
Further, it is preferable to carry out a chem cal strengthening
process. It is possible to properly change the order of the
respective processes, but in order to manufacture a magnetic di sk

gl ass substrate of this invention, it is preferable to carry out the
chem cal strengthening process and the ggcond polishing process
2bafter the first polishing process. [0068] In this

enbodi ment, attention is paid to (5) Polishing Process of Miin

S 2ce, o AT el AR O ShTBR el o o i

above-nenti one rocesse g process an

cl eani ng pr omdirhynt@ammoamemmbbi Mﬁiéﬁ@ﬂﬁéiloﬂﬁjretmcéd PG madrarig
liquid to be contained in a cleaning |iquid, P055|ble to renove

foreign matt @SKgiaﬂﬁe‘mbﬁtja’fﬁat trethis emiandirsemtt aleermrrmera defasis I%ﬂ]b@!il’l‘@!%‘é
whi | e mai nt ai t he form of secondar e |on f the polis

5 mgent - and (APRGEIS TG RETECIRIR AN SO S He D e eaas Syl adaeehy
the gl asszsu , £ i on,
018 posd: bifavl eilas Y- Nefor Mo ahit8 ahPUASEE chét\ich 300 o Al 10
chem cal af f ig%rny or ﬁ;@r@a;@m@um@e, it is possible to achieve a
magneti c di sk gl ass substrate which has very few defects present on
its surface with ai®0&fli t hnetic nmean roughness 10( Ra) at a level in
thevicinityofo and thus_is suita rat

magneti ¢ di sk wi { A rpwnp&@av%i%&Saaﬂgﬁgtaﬁeff%@@dﬁ st fimeBogsi
whi ch is contsl [ d, 6s havib Q i ng
process and itd?lék':ehe cugg%ﬁﬁ’pm}ateslg fgg? Wﬁ%e r{ﬂfpaﬁﬁ rean¢§§9p¢tgc%255
15 t her e 10an shewsirt Bid. SuneTheomiparatus ghawn indéig.ts iore opticalalefexx inspectiaai ds
such as acetic acid, malic acid, oxalic acid,_ malonic acid,_ succinic
aci d, gl ycol eep@aius,anglis an @paaElLS USing the jasar Peppiey @Ch'ﬁ@l}’%fva'ﬂ'éfn

am nes such as et hyl enedi am ne t n

uch s ol ycanerele A ReoTa RS oy Ebie e G g TR
am nopol ycar pagy ligi. améiasémﬂraaa?ésfaﬁdeaaﬁs %bﬂﬁgtr@bﬁ@wé:@.h?ﬁet@c‘d.ﬁ and
20nitrilotriacetic acid, phosphonic acids such as hydroxyefhylidene

di phosphoni cglassdubsmﬂmgl aaa péasidToentobEct. d Tmndthbymwéﬁdm@:ts a
phosphoni ¢ acid ( HEDP) fﬂghl ni ¢ aci ds, phosphori¢ acids such

pyr ophospfor F‘é”%’i Qﬁsﬁﬂd’”tar$ \sigiielt betwaen Mcidept W@Eﬁﬁ%@@%&hﬂs
HECHEEEr A ey e

them salts gfibfighey/pydroxy acids such as sodi um phosphate, nonosodi um
di hydr ogen phosphat e, di sodi um nonohydrogen phosphate, and potassi um
oxal ate are nore {dPe%dArable. [0070]

The magnetic disk glass substrate according to this embodiment is such

20 that the number of defects detected to have a size of 0.1um or more and 0.6um
or less in plan view and a depth of 0.5nm or more and 2nm or less is less than
10 per 24cm”?, wherein the defects are each detected using a shift in wavelength
between incident light and reflected light upon irradiating and scanning helium
neon laser light with a wavelength of 632nm on the magnetic disk glass

25 substrate by the use of the apparatus shown in Fig. 5. The glass substrate
having very few defects present on its surface with the arithmetic mean
roughness (Ra) at the level in the vicinity of 0.1nm as described above is

suitable as a substrate for a magnetic disk with high recording density.



23 Anong them as one having a chelating action (a chelating
agent), there can be cited, for exanple, carboxylic acid such as
oxalic acid, malonic acid, glycolic acid, citric acid, or tartaric
aci d, polyval ent am ne such as ethyl enedi am ne or diethyl enetriam ne,
am no acid such as glycine, alanine, 5serine, or aspartic acid,

am nopol ycarboxylic acid such as ethyl epedi am netetraacetic acid or
nitrilotriacetic acid, phosphonic acid such as hydroxyethylidene

di phosphoni ¢ acid or nethyl ene phosphonic acid, phosphoric acid such
as pyrophosphoric 5§glor tripol yphosphoric acid, or the like. As one
havi ng a dispersin@ ion (a dispersant), there can be cited, for
exanpl e, an 10ani op e b i
ester, aIkyIbenzen@t@ﬁ?ﬁ%&?ﬁﬁggggkgﬁfgﬁﬁagi??gﬁgaﬁg?Et%ggﬁﬁ§%¥T%ﬁﬁﬁid
t ri et hanol amisimpreopretdrilyle tedt aaatic (R4/Bv) af aadrithresticansararanghnessi{Ra) o
surface active agent such as fatty acid di et hanol am de,

pol yoxyet hy| ETBREMK{ V%'?Ynéﬂ?thdﬁ‘/k%l e yain syrfagecheier{be BHEMjIMAse her |

am ne, or zthe,like. 7 ; Taking | nt.g,accoun h

SUppr ese & arit| B LERISR AN oygs riebud 4 el g 858 fiitlod'l 2 prE
forei gn matt fead)iEAUR] fURABERIDkdVIY in SXERPELK &rivd inbdtBbHatihG b SMgnetic disk
aggregation of the polishing agent, the I nfluence on environnment when
t he cl eani ngntangtactured usingisneda gfass salpsiraden  drherdfore, tHadibove-endrdioned

preferably contained in 20 the ?ol ishing liquid in a range of 0.01wt %
or more and ITRIGRHGHISK olags subsigteeancbg piteblyapplied eve tp Aviasd giskdlriveu %
or nore and 5. v I - Whi he additive is preferably

cont ai ned in%tﬂ\éﬁc({%%gﬁirﬁg& Fﬁ@:’ehg% a range of 0.01wt % or nore and

5. 0wt % ongl ess andoosgje preferably in a range of 0.1wt%or nore and
3.0mt % or |ess. 25[0072] Next, a description wll be given of
Exanpl es whi ch werlbisqeereipsefewmbte thetthe Inzagnkiié digk glaes etilfsiate 2f t hi s

i tion. [0073]. 4 (Ex e 1 | at i, to E dj t 1
For el nbel ow, 2508 3 TS SAGHPTUIS AR Ba0s TR & KB 850Sfet hods
of manuf act “fHeP&)f%n%ﬁédsﬁnﬁiﬁgﬁﬂh@ﬁs&%@ﬂo&ﬁhﬁ c%ﬂ%r g?(fﬁgﬁ%gésrh%sp' sk

to which this itnvention is a se nmagnetic
substrate angermgneikii00%, didiferane (FRptHabamwesh as amthrrgbeidag di sk

having a predeterni ned shaﬁe, such as a 3.5-inch disk (c89mm or a
2. 5-i nch1di skeughpsBningoe) of the main surface in a range of 80% or more and 90% or
less from the center and an arithmetic mean roughness (Ra)) of the main
surface in a range of 10% or more and 20% or less from the center be 0.01nm
orless. With this structure, it is possible to reduce variation in surface
roughness on the glass substrate surface and thus to further improve the flying
20  stability of a magnetic head (particularly a DHF head).

[0060]

As one example of a method of manufacturing this magnetic disk glass
substrate, final polishing (herein, a second polishing process) may be carried
out using a method of polishing the glass substrate surface by uniformly

25 applying a force thereto. Specifically, for example, this ¢can be achieved using
a planetary gear type polishing machine to polish a plurality of glass substrates

while holding them between upper and lower surface plates.

[0061]



[0074] (1) First Lapping Process In the magnetic disk glass substrate

manuf acturi ng nethod according to 10this Exanple, first, |apping

(grinding) is applied to surfaces of a plate-like glass to obtain a

gl ass base nenber, then this glass base nenber is cut, thereby

cutting out a glass disk. As the plate-like glass, one of various

pl ate-li ke gl asses can be used. This pl ape-1ike glass can be

manuf actured by a known nmanufacturing nmethod such as a press net hod,

a float nethod, a downdraw 15 net hod, a redram/nethod or a fusion
met hod usi ng, for Ss

met hod i s used arm(r?\g@t gﬂeh@ﬁ@hﬁ@? 9+| ke %écg@g db@srrearﬁlf) &é@tsﬁtﬁ{ea

at | ow cost. rAginsufRdedrdnal enariagsy dnd mﬁybbeorﬂi@t@‘éudﬁﬂh@tﬁémalmse can

be made of an anorphous glass or a glass ceramc (crystallized

gl ass). As a swifaesd aind ibf enddagasaare formed wilhaseompreesivengirass layat@ndthean

20al um nosi | i ass, a so a boros | i cate, gl as

The 1T ke pardeptidns SormpReRte kel graluan siias iatnerBar o

gl ass can be dﬁ%ﬁg i al

st rengt her?ed tgén @{]%Ea% rovide a %Sr]lételpgpe k&lgaﬁgéseg S‘r‘l'%;manufacture

excel lent in dmmagmétamkfdlaémstratedafm sogveimeitiensd sengire.canQ@7’ 5]
251 n this Exa a nolten alumnosilicate glass was nolded into a

di sk shape b ngiew%tform@wlm@ymwgm@wcal swhet&rmaﬁmmxmrw to
t her eby obt aini nlgFan a

ot oasi i ca*eee E8IRILAR BeR 2R 2 PiosaRa oot main suiaces

conponents, gl ¥slrQe/SWM % Al 203: Swt%to 25 23wt % Li 20:
3w%to IO/vt% é Na20: 4vvt%to 13wt % [0076] Then, | appi ng
was applited to bot[l00&®]| n surfaces of the plate-like glass, thereby
obtai ning a di sk-shaped gl ass base nenber. The | app was carried 5

out using a doubl eAsamatenE of Hig rﬁﬁ@ﬂﬁt'ﬁé‘m@rﬁﬂﬁ%ﬁmﬁf?&eggaﬁ%fe}d‘l‘%ﬂ Rfear

Sooc, 1 ol 'y g ATt EoRbort AR SHAREE of EEFRRIBRAGRIRRI | €20 ¢ ace
pl ates onto BeihinSdrbsese ghss e alloabimé glaes A @Safiziybbe ov feikeand

| ower sides, supplying a grlndlng | iquid containing the free abrasive
particles onﬂ’arﬁchbzrlmha abumifesilestedladdistpheferable kecal kit ghmbs easityd

rember | hdSi nEaRESHd 10 haRhbe fiersed maddbtpaeaiee pRpnefionig O the
like.
[0063]
A magnetic disk is produced by forming at least a magnetic layer on the
magnetic disk glass substrate having the above-mentioned structure. That Is,
20 normally, a magnetic disk is manufactured by [aminating an underlayer, a
magnetic layer, a protective layer, and a [ubricating layer in this order on a
magnetic disk glass substrate. The underlayer in the magnetic disk is properly
selected depending on the magnetic layer.
[0064]
25 Since the magnetic disk of this invention is free of specific defects, it
can be suitably used particularly as a patterned medium in which at least
adjacent recording tracks are magnetically isclated from each other.

[0085]



(2) Shaping Process (Coring, Chanfering) Then, using a cylindrical
dianmond drill, an inner hole was forned at a 15central portion of the
gl ass substrate, thereby obtaining an annul ar gl ass substrate
(coring). Then, grinding was applied to an inner peripheral end face
and an outer peripheral end face using dianond grindstones, thereby
carrying out predeterm ned chanfering (Epanfering). [ 0078] 20(3)
Second Lappi ng Process Then, second | apping was applied to
both main surfaces of the obtained gl ass substrate in the sane manner
as in the first | apping.npr ss. By carrying out this second | apping
process, fine irreéﬁp<g?$?§§ﬁforned on the main surfaces in the

cutting-out procesg, i e?ﬁbo%lﬂﬁ'eﬁt?&%a@ﬁéﬁsc;él%lﬂ%aé’é QRRESteARartBAEHRA1 NI

25 process can be renoved i n advance, t 1t beconmes possible to
conpl ete a substhopieititbeddscstbechig process of the main surfaces in a
short tinme. [0079] E}4é End Face Polishing Process 26 Then,
the outer peri pherEQ 6@ind face and the inner peripheral end face of

t he gl ass.substrat r 1.7 1Qr - pol i sh by a_.brush polishing.rethod.
n thi o edent. ae. it Tefpdly i GBR aRiEHe e Reiib AlbodditapEys
slurry (free b h&hiRs) pe] [ i alNzas)
particles. [(t)lgg(é)]ﬁ%bdﬁﬁbémgﬂas%'%tah%@g%ﬁsdg agﬁlg@? ra:ti%égb ﬁg{;—i\?? ﬁ'é’ beeﬁ’b@h‘%}g
subj ect ed t otd Aglasadubsicade paling hipaiy opmaressiaves amdibiddg pidcessvatt er . By

this end face polishing process, the end faces of the glass substrate
wer e fini she@O¥ING the malh sufaceacandss geaning groceshofieardis the glass

preci i  at 1 03, 6l 50tk BRIt SRR oot o Bihd 12

Process rocess was first carr

mai N sur fiace f@@isk bR HoRSISE pceddis Tohtainet iPalcleaRingdighidsasse inaal Y
ainms to renove cracks or strains remaining on the rmain surfaces
during the ableaeingprdestied | appi ng processes. 15In this first
pol i shing process, mai n surfaces were polished using a

doubl e- si de polisﬂpﬁgﬁnachine havi ng a planetary gear nechanismwth

the use More specifically, the manufacture of a magnetic disk glass substrate
comprises (1} Shaping Process and First Lapping Process, (2} End Portion
15  Shaping Process (coring process for forming a hole and chamfering process for
forming chamfered faces at end portions (outer peripheral end portion and inner
peripheral end portion) (chamfered face forming process)), (3) End Face
Polishing Process (outer peripheral end portion and inner peripheral end
portion), (4) Second Lapping Process, and (5) Main Surface Polishing Process
20 (first and second polishing processes) and Cleaning Process. Further, it is
preferable o carry out a chemical strengthening process. |t is possible to
properly change the order of the respective processes, but in order to
manufacture a magnetic disk glass substrate of this invention, it is preferable to
carry out the chemical strengthening process and the second polishing process
25  after the first polishing process.
[0068]
In this embodiment, attention is paid to (5) Polishing Process of Main

Surface Polishing Process and Cleaning Process among the above-mentioned



of a hard resin polisher. Cerium oxide abrasive particles were used
as a polishing agent. [0082] 20The gl ass substrate having been
subjected to the first polishing process was i nmmersed in respective
cl eaning baths of neutral detergent, pure water, and | PA (isopropyl
al cohol) in turn so as to be cleaned. [0083] (6) Chem cal

Strengt heni ng Process 25Then, chem cal shrengt heni ng (i on exchange)
was applied to the glass substrate having been subjected to the
above-nentioned end face polishing process and first main surface
pol i shing process. Th hem cal strengtheni ng was rrie t .

D epar | ng o diEesar 9 ok BYRaReRLOERE a0R 01 FrA T SRHH By S4bsdan
m xture of p I i j hdd @At é}{pr@o : tid Ng
this chem caIC)&Idglt'.ﬁ ?glﬁg?ﬁ‘entﬁpﬁ%gggﬁﬁ%?go@qu@oﬁﬁoﬂﬂn%é%ﬁgﬁggti ngl’]ciulki}:gqt s
cl eaned gl aspossibiztto atmotrefcBEGCmattad(adherngmaten) fromsuriaces difeanylass
strengt hening solution for about 3 hours. In order to chem cal | %/
strengt hen t sebslate whils maintaiaingghe faim of sgeendansaggsegatiop of thegpolishing

i mrersion_was carried out .in.the . Ly S
subst r at o8 veice piieb2atAr S i Fier bR gl Rericeslr e S
faces. [0084]g pstrate, Fl¥he?AkifryhE Gbovd-richBorldBInfhRatioH) it Bosdaats al
strengt heni ng sol ution as described above, lithiumions and sodi um
ions in a surdagiterehmperthoforéipe myitiasby hereasingtthe tieeraicel affptyachslaby
sodi umions and potassiumions in the chem cal strengthenin .

sol ution, re$gBERGURBFS: it i§ FosHBlE 1@ Aehigye:d B1agneis gk @ag%sghﬁfr@??gwfw%ed.

The t hi cknes f i t S . . t

[yer of 1 e Traed EHTRIEIT bRt It e b Ayt deabbibRtBe
gl ass subgt r RE) Hwvievd iPeRIViGHB] GG, B bAd thR s betibkpds & bissiatd@nang
was imMmersed in a water bath at 20C so as to be rapidly cool ed and
was nai nt ai nendnetic disk with highiecondéy denisgn, the rapidly cool ed gl ass
substrate was |mreﬁr§§&le| n concentrated sulfuric acid heated to about
40C, so as to be cld d. Further, the glass substrate having been

subj ected to the As the additive which is contained in the polishing liquid for use in the
polishing process and in the cleaning liquid for use in the cleaning process,

15 there can be cited one containing at least one of carboxylic acids such as acetic
acid, malic acid, oxalic acid, malonic acid, succinic acid, glycolic acid, citric acid,
and tartaric acid, polyvalent amines such as ethylenediamine and
diethylenstriamine, amino acids such as glycine, alanine, serine, and aspartic
acid, aminopolycarboxylic acids such as ethylenediaminetetraacetic acid and

20 nitrilotriacetic acid, phosphonic acids such as hydroxyethylidene diphosphonic
acid, methylene phosphonic acid, and hydroxyethane phosphonic acid (HEDP),
phosphinic acids, phosphoric acids such as pyrophosphoric acid and
tripolyphosphoric acid, pyrophosphoric acids, tripolyphosphoric acids, amino
trimethylene phosphonic acids, and the like. Salts of the acids exemplified

25 above may also be used. Among them, salts of polyhydroxy acids such as
sodium phosphate, monosodium dihydrogen phosphate, disodium
monohydrogen phosphate, and potassium oxalate are more preferable.

[0070]



20 sulfuric acid cleaning was inmersed in respective cleaning baths
of pure water and IPAin turn so as to be cleaned. [0086] (7) Second
Pol i shing Process Then, a second polishing process was carried out as
a main surface 25polishing process. This second polishing process
ainms to finish the main surfaces to a mrror surface state. In this
second polishing process, the main surf§§es were mrror-polished
usi ng a doubl e-si de polishing machi ne having a planetary gear
mechanismw th the use of a soft resin foan1pollsher As a 28

pol i shi ng agent, uze made of a sl ur Sili
abrasive particles r("g{)%ﬁ?fﬁ% aﬁa(%“te.*@‘"é'ga |Hg1aggoré{§r%e%?p%§geq an the
ceri um oxi de t t ess.
[0087] SThe. HaT i g o o A Sy e e Rl P BORE ST
to 2. In thi scielygigtolictdet, pitlic sdid, vy tavasic @aidl palgvadert aminasitbhrgg an

addi ti ve contai ni ng_ acetic acid and acetate to the slurry. This is
for control | ieHylang !amm&bﬂr@lﬁ@ylgn@tﬂamneoaﬁl@c’c@%w&as@mqug alamine,
pollshlng e_above-ne ned sl urr olishing liquid),
oe was. nBde o g6 S r i AT alEarpoic sl P& added 10 aa-an
additive tO %tH}?le’h‘églaﬁﬁrllé{étﬁ'@J&eﬁbhélﬂ B?Hltmtrléégﬁc%ld Eﬁoﬁﬂ@ﬁ% 2gREucRAgd
colloidal silica particles to ultrapure water. Cl eani ng
Process hydroxyethylideng tipbssgwbistacat @ rhethylage pbmphsmbjaenﬂt phbgpbhotite

second polishing 15process was inmmersed in respective cleaning baths
of acid cl eaﬁP'ﬁ&“C'éPRBWOﬁBO%ﬂhQEﬁ?ﬁlg or Hlpokypiiasrdioric aaid, prHhe fike.t fisPrgo

as 10 Fg Og'gfﬂﬁ\ﬂﬂg 2 AbptdinFEABh (a WRYEURS, AR dafi be' eB A6 e S 419

10  anionic surface active agent such as sulfo faity acid ester, alkylbenzene sulfonic
acid, alkyl sulfate, alkyl sulfuric acid triethanolamine, or alkyl ether suifuric acid
ester, a nonionic surface active agent such as fatty acid diethanolamide,
polyoxyethylene alkyl ether, or polyoxyethylene alkyl phenyl ether, amine, or the
like.

15 [0071]

Taking into account the suppression of the surface roughness of the
glass substrate, the foreign matter removal capability, excessive or insufficient
aggregation of the polishing agent, the influence on environment when the
cleaning liquid is drained off, and so on, the additive is preferably contained in

20 the polishing liquid in a range of 0.01wi% or more and 10.0wt% or less and
more preferably in a range of 0.1wt% or more and 5,0wt% or less, while the
additive is preferably contained in the cleaning liquid in a range of 0.01wit% or
more and 5.0wt% or less and more preferably in a range of 0.1wt% or more and
3.0wt% or less.

25 [0072]

Next, a description will be given of Examples which were carried out for
clarifying the effect of this invention.

[0073]



In the acid cleaning, the same additive as that added in the 20
above-nenti oned second polishing process was added as an additive for
the acid cleaning. Specifically, the acid cleaning was carried out
using an acid solution in which citric acid was adjusted to 0. 15w/ o.
This is for efficiently renoving the slurry fixed to the substrate by
putting the same conponent as that contggned in the slurry into the
cleaning liquid. As a consequence, it is 25 possible to reduce
particles fixed to the glass substrate. [0090] By carrying out the
first |apping proc 1 Wi ss, the second | apping
process, the end fQ%%nE%$?§%?i ‘%?%cesgﬁ&?ﬂ first polishing 29
process, the chem gafeiridcl®y) el dRoligtenwibb€given andn ERe@mprcodt pethodi ng
process as descri bed above, there was obtained a flat, snooth, and

hi gh-ri gi di t pf meghtsciusindiasragpeiic siskigirssrsabelratp @od g magresagiskde which

Ex le 1 lati t o Enbodi 1 - I bst \
mandr act ur ed 'R VARG SRRl her hese maopsie e dess SRR A Repte
embodi meng 1 %ﬁ}néfﬂ%tars&aéqqhéqp\éﬁc e@m{aﬁgg ﬂradaemﬁhé&m Ligui d
used in the polishing process was hot contain In a cleaning Iiquid

used in the ekeadbighdisic@Bomn)ArGE2Inch@sip@eamm)e Exanpl e 2
relating to Enbodi nent 1) A gl ass substrate was manuf actured

in the sane manner[0884lin Exanple 1 relating to the enbodi ment 1
except that the co‘gigntt of ci gng c acidin a cleaning liquid used in
the cleaning process Rid-2RANGHAPBo 0. 005wWW0. 15[ 0093] ( Def ect

| nspection 1) In the HagRAbRSEsI HAss élﬁdsﬁﬁteqﬁéﬁ&fﬁgtﬁriﬁqw&%ﬂ@&@@?@lrﬁ tgnd

t he Conparative Exanpl es™were eaCh subjected to det ect inspection
usi ng t héoopthis &kampleefitst, ilappireciorindingdp applicdsio oHacHsaaf taplatd-liky glass

KLA- Tencor Corporation, trade nanme: 20 OSA6100) shown in Fig. 2. In
this event, # eiginghdlass kasamenber themilie dasstorse manmkar '%?Ut{t%EYGBVass

Fubstate YRRy RN | RS GED s AR e
oo o3 "Bl 0, bRt TR a7 d ok
manufacturing method such as a press method, a float method, a downdraw
15 method, a redraw method, or a fusion method using, for example, a moiten
glass as a material. [If the press method is used among them, the plate-like
glass can be manufactured at low cost. As a material properiy of the plate-like
glass, use can be made of an amorphous glass or a glass ceramic (crystaliized
glass). As a material of the plate-like glass, use can be made of an
20 aluminosilicate glass, a sodalime glass, a borosilicate glass, or the like.
Particularly as the amorphous glass, the aluminosilicate glass can be preferably
used because it can be chemically strengthened and it can provide a magnetic
disk glass substrate excellent in main surface flatness and in substrate strength.
[(0075]
25 In this Example, a molten aluminosilicate glass was molded into a disk
shape by direct pressing using upper, lower, and drum molds, thereby obtaining

an amorphous plate-like glass. As the aluminosilicate glass, use was made of

a glass containing, as main components, SiOz: 58wt% to 75wi%, AlzO3: bwi% fo



25and 0.31.1mor less. [0094] (Surface Measurenent of d ass
Substrate) The gl ass substrates obtained in the Exanple and the
Conparative 30 Exanples were each neasured using an atomc force
m croscope with a resolution of 256x256 pixels in a 2pmx 21.trn
square to thereby obtain a surface roughness (arithnetic mean
roughness (Ra)) thereof. The results arggshown in Table 1. 5[0095]
Further, assum ng that the distance fromthe center of the gl ass
substrate to the outernost periphery thereof is 100% an arithmetic

mean r oughnessy, (ao)o0kwibh TBRk: SHENASS: ol £3G8, Of 80% or more

9,
and 90% or |ess %?gmt e center énﬁ an arldt?[hrretl c mean roughness
(Rai) of the main @7surface in a range of 10% or nore and 20% or
| ess fromthe center were neasured, and then a difference (Rao-Rai)
t her ebet ween was dERénéappinphvas agniied 40 beth maioemrfaoes Dhtieplate-likoalsy, A

TR T o2kt e e 08 S L e, A, YR ™
(o) o8, oL g OB EARGERY SRS s bR Do
Then, an adhesichanismyeith tha useiof almutsebashd fReelbragivepaititieslerdpryicallyan
20 underl ayer, a nonmagnetic granular |layer, a first magnetic
recor di ng | ayier [apaing escariedgve by oresstigranning suifpee plaes eniribpinar y
20019100 | 4 Y SIS o B8Rl 4R 8 DS TN
EQ Sngggpgfsggﬁdizgﬁ%gg g]a%famgwae Fe8 Bl Rfve JalRIGRDAEBRUTAA U of
10  the plate-like giass, and relatively moving them to each other. By this lapping,
the glass base member having the flat main surfaces was obtained.
[0077]
(2) Shaping Process {Coring, Chamfering)
Then, using a cylindrical diamond drill, an inner hole was formed at a
15  central portion of the glass substrate, thereby obtaining an annular glass
substrate (coring). Then, grinding was applied to an inner petipheral end face
and an outer peripheral end face using diamond grindstones, thereby carrying
out predetermined chamfering (chamfering).
[0078]
20 (3) Second Lapping Process
Then, second lapping was applied toc both main surfaces of the obtained
glass substrate in the same manner as in the first lapping process. By carrying
out this second lapping process, fine irregularities formed on the main surfaces
in the cutting-out process or an end face polishing process as a preceding
25 process can be removed in advance, so that it becomes possible to complete a
subsequent polishing process of the main surfaces in a short time.

[0079]
(4) End Face Polishing Process



Specifically, using an evacuated filmform ng apparatus, the |ayers
fromthe adhesive layer to the auxiliary recording |ayer were fornmed
i n sequence on each disk substrate in an Ar atnosphere by a DC
magnetron sputtering nmethod. 31 The adhesive | ayer was made of O Ti.
The soft magnetic |ayer was such that a Ru spacer |ayer was '

i nterposed between a first soft nagnetigslayer and a second soft
magneti c | ayer each nmade of FeCoTaZr. The conposition of the
pre-underlayer was a MV alloy with an fcc structure. The underl ayer

vas Taninat ed on o febaye HAACPrEYEFe bRt jaceiriife e belibrBlARRl fécg ¥

The conposi t iygdglaks bﬁﬁtﬁ@%@mﬁkﬁpgﬁé\@wb@h hraye polkAmgRstHBd N ahitlls
CoCr-Si 02. The conposition of the first nagnetic recording |ayer was

CoCr Pt - Cr 202 eaant, &b polishingoatirasiompaticiehaiseovastiadmofreesliy (feasoalziasive

| ayer was CoCrPt-Si02-Tj02. The conposition of 10 the auxiliary
recordi ng | ap@ficless CoManRIeritmONASARIASS BRdEePve | ayer was forned
by a CVO et hod ust'oﬁg ](C):2H4 and further by carrying out nitriding to
i ntroduce nitrogen |nP a surface thereof in the sane chanber. The

| ubricating layer vgen,hies Bk Substrafdl HaviraidednsubRiRRedo tid el BESE.
[0099] 15In this event, since the anmpbunt of defects (anount of
cont ani nat i opplighing precess waswashadewitf welech Byl thisserdifaer pelishingaxsocessa

I I |, th ientati f i, ticl b tteri
wer & al 1 gned T2 endzess pF (aesS UpEIaLE PETs pFhaie GBS e P et

For the ragnei Aoy RepRIEREraBa ARSI oy ani iy Test)

The duraRplity tesfpoggs conducted by nmounting the magnetic disk in an
LUL (1 oad/unload) type HOD device. Specifically, in the state where
t he magnetic di sk @n&irsl fOriEhing £icde&6i ng a gi ant magnet or esi sti ve

O 25 L opT 0L B Bl AR S LR 5 B2 e ) i
carrying out ot @Rge untiaashst Balishinkfbrétdds HAHG IS RFeRITD Bfackl of i
(2,000,000 tines) at a head flying height of 6nm The results are
shown i n Tablk@mining3d the main sfirEbes dufifgiileeabble-mentioned lapping processes.

15 In this first polishing process, the main surfaces were polished using a
double-side polishing machine having a planetary gear mechanism with the use
of a hard resin polisher. Cerium oxide abrasive particles were used as a
polishing agent.

[0082]

20 The glass substrate having been subjected to the first polishing process
was immersed in respective cleaning baths of neutral detergent, pure water,
and IPA (isopropyl alcohol) in turn so as to be cleaned.

[0083]
(6} Ghemical Strengthening Process

25 Then, chemical strengthening (ion exchange) was applied to the glass
substrate having been subjected to the above-mentioned end face polishing

process and first main surface polishing process. The chemical strengthening

was carried out by preparing a chemical strengthening solution in the form of a



Nunber of Defects AFM Ral nm Ra/ Rp Rao-Ra/nm Durability Test Result
Exanmple 1 1 or less 0.11 0.14 0.004 000 tinmes UULOOO, 2, XK
Conparative Exanple 1 6 0.12 0.17 0.006 400,000 tinmes UUL NO

Conpar ati ve Exanple 2

10

15

20

25

27

mixture of potassium nitrate (60%) and sodium nitrate (40%), heating this
chemical strengthening solution to 400°C and preheating the cleaned glass
substrate to 300°C, and immersing it in the chemical strengthening solution for
about 3 hours. In order to chemically strengthen the entire surfaces of the
glass substrate, the immersion was carried out in the state where a plurality of
glass substrates were placed in a holder so as to be held at their end faces.

[0084]

By carrying out the immersion in the chemical strengthening solution as
described above, lithium ions and sodium ions in a surface layer of the glass
substrate are replaced by sodium ions and potassium ions in the chemical
strengthening solution, respectively, so that the glass substrate is strengthened.
The thickness of a compressive stress layer formed at the surface layer of the
glass substrate was about 100um to 200um.

[0085]

The glass substrate having been subjected to the chemical
strengthening was immersed in a water bath at 20°C so as to be rapidly cooled
and was maintained for about 10 minutes. Then, the rapidly cooled glass
substrate was immersed in concentrated sulfuric acid heated to about 40°C, so
as to be cleaned. Further, the glass substrate having been subjected to the
sulfuric acid cleaning was immersed in respective cleaning baths of pure water
and IPA in turn so as to be cleaned.

[0086]

(7} Second Polishing Process

Then, a second polishing process was carried out as a main surface
polishing process. This second polishing process aims to finish the main
surfaces to a mirror surface state. In this second polishing process, the main
surfaces were mirror-polished using a double-side polishing machine having a

planetary gear mechanism with the use of a soft resin foam polisher. Asa



3 0.12 0.15 0.005 800,000 tinmes UUL NO [01021 (Exanple 1 relating to
Enbodi nent 2) 5Herei nbel ow, a description will be given of an Exanple
about nethods of manufacturing a magnetic disk glass substrate and a
magnetic disk to which this invention is applied. These magnetic di sk
gl ass substrate and magnetic di sk are manufactured as a nagnetic disk
havi ng a predeterm ned shape, such as a28.5-inch disk (T89m) or a
2.5-inch disk (p65m). 10[0103] (1) First Lapping Process I n

t he magnetic di sk gl ass substrate manufacturing nethod according to

t hi s Exanpl e,p ik i yhdi i i s of a
pl ate-1i ke glpggéﬁlﬁ%a%%r?g'i@r?nga %@ggggtgg%rr@rﬁgg%"?ﬁ%’tﬁmf ﬁ%@% ass base
menber is cutpartidiey {@baradd paititlersizeBim & ghrassingdt tHan ths cérhen pkidée- | i ke
gl ass, one of various plate-like glasses can be used. This plate-Iike
gl ass can be absaaivepariclesiussd ia theloahpaiehing #6aags$-ng met hod such as a
press nethod, a fl‘cb%7 t hod, a downdraw net hod, a redraw nethod, or
a fusion nethod us ,» for exanple, a nolten glass as a material. If

the pressgmethod i ?h@@@ﬁhﬁ\@% da6dl oG s@hmg%é bH®f #He HhRsH £an, be

manuf actured at |low c materi al "propérty of the plate-like

gl ass, use cainseempithe poliskiing wa® cafied supbvaadding am addithsscantaining @cetic

(crystallized glass). As a material of the plate-I|ike ?I ass, use can
0

be made of amcigl and aretate ixhieasiuglyas Ehisds o gantrodinggha gl of herdumsia b at e
gl ass, or the li

ol ass o b e Pebefs MBI TR RE R
chemical l'y S%&@%F@iﬂﬁ'ﬂ),%@é wak nfie GHoRWiif RhRhPSINeS bificlckiwad added
substrate excellent i'n main surface flatness and in substrate
strengt h10 as an additive to a mixed solution obtained by adding the above-mentioned
colloidal silica particles to ultrapure water.
[0088]
(8) Cleaning Process
The glass substrate having been subjected to the second polishing
15 process was immersed in respective cleaning baths of acid cleaning, alkaline
cleaning, pure water, and IPA in turn so as to be cleaned. An ultrasonic wave
was applied to each cleaning bath.
[0089]
In the acid cleaning, the same additive as that added in the
20 above-mentioned second polishing process was added as an additive for the
acid cleaning. Specifically, the acid cleaning was carried out using an acid
solution in which citric acid was adjusted to 0.15wt%. This is for efficiently
removing the slurry fixed to the substrate by putting the same component as
that contained in the slurry into the cleaning liquid. As a conseqguence, it is
25 possible to reduce particles fixed to the glass substrate.
[0090]

By carrying out the first lapping process, the cutting-out process, the

second lapping process, the end face polishing process, the first polishing



[0104] 5In this Exanple, a nolten alumnosilicate glass was nol ded
into a disk shape by direct pressing using upper, |lower, and drum
nol ds, thereby obtaining an anorphous plate-like glass. As the

alum nosilicate glass, use was made of a glass containing, as main
conponents, Si02: 58wm%to 75w % Al 203: 5w %to 23wt % Li20: 3wt % to
10wio, and Na20: 4wt %to 13wt % 10[ 01054 Then, | appi ng was
applied to both main surfaces of the plate-like glass, thereby

obtai ning a di sk-shaped gl ass base nenber. The | appi ng was carried

mechani om wi tHoeRe D8 SRsrREP GRG0 B A Bodl FRTb Y pR25s
Speci fical | y.gsastiited b NBeMAPaCaitiingd a®dt, sRbof, @A hid8-dgRPR N9
surface plates onto both surfaces of the plate-like glass fromthe

upper and | oweagreticddisk gtaspsubstrage.a grindi ng i quid containing the
free abrasive particles onto the main surfaces of the plate-Iike
glass, and rel ati v@P?”m)vi ng themto each other. By this |apping, the

gl ass baseg nenber i Q. f . bt ai ned.

20[ 0106] (2) Shapi g“iﬂrgoi%t‘e"é?%@re.ﬂ%‘%@&%@?@?ﬁgﬁﬁ Then, using
a cylindrical di anmgrhsdsubdtratfivas H2ALARIED Wahe EAHERchRbr 8s FEMarRle
portion of the glass substrate, thereby obtaining an annul ar gl ass

substrat e (cdrrelaghg torhe embgpdinnetit A gexeept thatghe additive comtdimertin auelispher al
end face 25 ?nd an outer peripheral end face using dianmond .

gri ndst ones, "4{e HER "@'E?PEV %WPC%?SWWW%WGQ%'&%F@@PWQ liquid used
(chanf ering) ;. %g%%%ingl Irg%esg_ond Lappi ng Process 34 Then,

second | appi hg was ap to both main surfaces of the obtained

gl ass substrate iMooge) same manner as in the first |apping process.
By carrying out this second | apping process, fine irregularities
formed on the mai MComPRERIEe Bxamplec? telatingrig Embodisrenédss or an end face
pol i shing process

s.a preceding 5 process can be renoved in advance,
o that 1t becomed: Hats PUREE, e MpR LRGSR % SRR g pe
! Ao SHE GpeBnh 2SN Frk 0Pl St
peri pheral elglid ased infthe cleaning process was adjusted to 0.005wt%.
15 [0093]
(Defect Inspection 1)
The glass substrates obtained in the Example and the Comparative
Examples were each subjected to a defect inspection using the optical defect
inspection apparatus (manufactured by KLA-Tencor Corporation, trade name:
20 OSA6100) shown in Fig. 2. In this event, a region of 15mm to 31.5mm from
the center of the glass substrate was measured under the measurement
conditions that the laser power was set to 25mW, the laser wavelength to
405nm, and the laser spot size to 5um. Table 1 shows the number of fixed
defects (per 24cm?) among defects detected to have a size of 0.1tm or more
25 and 0.3um orless.
[0094]
(Surface Measurement of Glass Substrate)

The glass substrates obtained in the Example and the Comparative



10 the gl ass substrate were mrror-polished by a brush polishing
method. In this event, as polishing abrasive particles, use was nade
of a slurry (free abrasive particles) containing cerium oxide
abrasive particles. [0109] Then, the gl ass substrate having been
subjected to the end face 15 polishing process was washed with water.
By this end face polishing process, thesgnd faces of the glass
substrate were finished to a mrror surface state that can prevent
precipitation of sodium and potassium [0110] (5) First Polishing
oSS 20 il ROklS Bl RIAGEa dibile CREER Be A 8 T8I 1
surface polishing process. I's first "polishing process nmainly ains
to renove cragisutvn of 266%I66 gigs@ind PEMoI2 irh gt o HHerécstRaid wrdurgcs he
above-nentioned | appi ng processes. In this first polishing process,

t he mai n sur fraugiwess (aitipostioonean wsighgess (Reldheresh. ddhp sesuliBiangsimyoni ne
havi ng a planehﬂ$% gear nechanismw th the use 25 of a hard resin
pol i sher. Ceff I54i de abrasi ve particles were used as a polishing
agent. [O0}11] The @Eg&ﬁasubstrate havi ng been subjected to the first
pol i shi ng process s imersed in respective cleaning baths of
neutral detergent, Fiithes, asstiing thaithé Bidtdncs donoihy lcealse ohipk)glass turn so
as to be cleaned. [0112] (6) Chenmical Strengthening Process 5Then,
cheni cal st r édstredaiaige Cuisimesicpriipheny thereokip gPP%dan arithmetiginagan
substrate havi ng beep, subjected to.the above- j oned end e

ol 1 shing pr SuEtosss ey pLieIE R “Utadkina 1aies Sritva Sprireat SGher
chem cal str eRdiiiBGalas Afahidfthidtic YarPBBRIdAARE) Bheiihah
strengthening solution in the formof a mxture of potassiumnitrate
(60% and0sodurmenintarahge (U1 or nead and)20%i s |8 fometheaminter were

strengt hening solution to 400C and preheating the cleaned gl ass
substrat e tomBEsEedaat thererdifergnes (Rae-Raktherebeivaan was dailyeHeni #)y

sol ution foréégﬁg%r 3?{@)%5{@'@%@ 1order to chemcally strengthen the

entire surfa asS substrate, the imrersion was carried out
in the state whergpggg)l urality of glass substrates were placed in a
hol der so as to be hel'd at their end faces.

A maximum peak height (Rp) and an arithmetic mean roughness (Ra)

15  on the surface of each glass substrate were measured and then a ratio (Ra/Rp)
of the arithmetic mean roughness (Ra) to the maximum peak height (Rp) was
derived. The results are shown in Table 1.

[0097]
Then, an adhesive layer, a soft magnetic layer, a pre-underlayer, an

20 underlayer, a nonmagnetic granular layer, a first magnetic recording layer, a
second magnetic recording layer, an auxiliary recording layer, a protective layer,
and a lubricating layer were laminated in this order on each of the glass
substrates obtained in the Example and the Comparative Examples, thereby
manufacturing magnetic disks.

25 [0098]

Specifically, using an evacuated film forming apparatus, the layers from
the adhesive layer to the auxiliary recording layer were formed in sequence on

each disk substrate in an Ar atmosphere by a DC magnetron sputtering method.



15[ 0113] By carrying out the imrersion in the chem cal

strengt heni ng solution as described above, lithiumions and sodi um
ions in a surface layer of the glass substrate are replaced by sodi um
ions and potassiumions in the chem cal strengthening solution,
respectively, so that the glass substrate is strengthened. 20 The

t hi ckness of a conpressive stress |ayer Lorned at the surface |ayer

of the glass substrate was about 100pn1§ 200p. m [0114] The gl ass
substrat e havi ng been subjected to the chem cal strengthening was
imersed in

wat er bath at 20C so.as to_be rapidly cooled 25 and was
it at ned.  JMOHOBEENS VR et BGAS PRERTI + FBF $ofauRelic otes eg sugh thet &

bet r at ) ML e O bout
200 50 as ¢ SHPEPEERe e pRRREL Yo Al ot Ab AR RRTnd 8 200
subj ect ed t 0 sbbendssdiflMadetio tdy@dr ehermiatg oVBSCHTEIR! SBG dopoRRiBe @F tHee

cl eaning baths of pure water 36 and IPAin turn so as to be cl eaned.
[0115] (7) Secvtiadevieyesiiang NWadley wittTaerice strussaendTtpolindshiayer wasocess
por < noSor s %8 BB AT PRl e Reb 5SS as Wastaor
surface stat lenast, D L Shing. [ S
were mrror- %glalfgﬁte%{dﬁg?%gqgg)dgﬂh%%{ﬁs@gg %%P%Z%‘i nghﬁggﬁf’ﬁﬂﬁ%éﬁﬁg a
pl anet ary geaonmegihaiciganmartibydr heisu@neinaticcOsCr-Bies) NTHe edmpediiasinggr .

As a polishing agent, use was nmade of a slurry using colloidal silica
abr asi ve 10p#iefirglreagneivépcnjding tayer whe CoCrR-Gn@h and [ositien of then

e g AL O B RSB D o
pl-1 of ype He‘ﬁdx}ﬁahpregordtr@_Ié%rﬁma%"@c?@rﬂé.hel't{%ﬁhé@ibhggot\é@ﬁle(@\}ér'% out

by adding an additive containing acetic 15acid and etate to the

slurry. Thi sidrmetl by acoviDmedthedhgsihd €.d4fbraf futther 8 aarnyingtout beriding to
introduce nitrogen into a surface thereof in the same chamber. The lubricating
layer was formed by a dip coating method using PFPE.
[0099]

15 In this event, since the amount of defects (amount of contamination} on
the main surface of each glass substrate was at a very low level, the
orientations of magnetic particles by sputtering were aligned so that it was
possible to form the magnetic layers capable of high density recording. A
durability test was conducted for the magnetic disks thus obtained.

20 [0100]

(Durability Test)

The durability test was conducted by mounting the magnetic disk in an
LUL (load/unload} type HDD device. Specifically, in the staie where the
magnetic disk and a DFH head having a giant magneioresistive effect

25 reproducing element (GMR element) were installed in the magnetic recording
device, the durability test was conducted by carrying out load/unload tests in a
predetermined number of times (2,000,000 times) at a head flying height of 6nm.

The resuits are shown in Table 1.



constant during the polishing process. As the above-nentioned slurry
(polishing liquid), use was nmade of one in which 0.5m % citric acid
was added as an additive to a m xed sol ution obtained by addi ng the
above-nentioned colloidal silica particles to ultrapure water.

20[ 0117] (8) C eaning Process The gl ass substrate havi ng been
subj ected to the second polishing procegs was imrersed in respective
cl eani ng baths of acid cleaning, alkaline cleaning, pure water, and
IPAin turn so as to be cleaned. An ultrasonic wave 25 was applied to
each cl eani ng bath b 18] In the acid cleaning, the same additive as
that added in the EB ve-menti oned second polishing process was added
as an additivye,fi@§)the 37 acid cleaning. Specifically, the acid

cl eani ng was—ea+++ed "“nn“§£pg at—acta-setutton—t+r—whireh—ettr+ec—acto
vas adj usted 1o 0. 15t Sanit’s | ARM-Remef Ra/Bp {irct RavneroDurayiyestdeawit

fixed to thg—substrate Dy put{ing te sane CONMpoNent 3508 5§50 times L/UL
cont ai ned i r{ExaePlal urlr y ariE® { he Velleanj Rg 4 qﬁ@ﬂ“ As a consgguence,

it is 5SpossilBbRparaivedduce. parf{icles T1iXxed_to tNne gl 35400006 tifnas UL
[0119] By CEEF(aH?p’l@‘I odt tHfe first %&ppih§1Br ocsWP5 t he cuttimg- out
process, thqCsmpanileljapping p“oc%s%, the gnfl f pal i&hjoAgtipeotts,
the first pdExamil®d grocess. the chenijcal ~strengiheni ng prod@éss, an
t he second poli shi@g ﬁr ocess 10as descri bed above, there was obtai ned
a flat, snmooth, an B gh-rigidity magnetic di sk glass substrate.
[0120] (Conparati vgxbxaE foldiidggb&mbtdihéntybodi nent 2) A gl ass
substrate was manufactured in the sanme manner as in Exanple

5 Hereinbelow, a description will be given of an Example about methods

of manufacturing a magnetic disk glass substrate and a magnetic disk to which
this invention is applied. These magnetic disk glass substrate and magnetic
disk are manufactured as a magnetic disk having a predetermined shape, such
as a 3.5-inch disk (¢89mm) or a 2.5-inch disk (¢65mm).
10 [0103]
(1) First Lapping Process
In the magnetic disk glass substrate manufacturing method according to
this Example, first, lapping (grinding) is applied to surfaces of a plate-like glass
to obtain a glass base member, then this glass base member is cut, thereby
15 cutting out a glass disk. As the plate-like glass, one of various plate-like
glasses can be used. This plate-like glass can be manufactured by a known
manufacturing method such as a press method, a float method, a downdraw
method, a redraw method, or a fusion method using, for example, a molten
glass as a material. [f the press method is used among them, the plate-like
20 glass can be manufactured at low cost.  As a material propeity of the plate-like
glass, use can be made of an amorphous glass or a glass ceramic (crystallized
glass). As a material of the plate-like glass, use can be made of an

aluminosilicate glass, a sodalime glass, a borosilicate glass, or the like.



15 1 relating to the enbodi nent 2 except that the additive contai ned
in a polishing liquid used in the polishing process was not contained
in a cleaning liquid used in the cleaning process and that the second
pol i shing process was carried out before the chem cal strengthening
process. [0121] 20(Exanples 2-3 and Conparative Exanples 2-6 relating
to Enbodi nent 2) Magnetic di sk gl assggubstrates were respectively
manuf act ured by variously changing the polishing conditions and the
cl eaning conditions. [0122] (Defect Inspection 2) 25The gl ass

substrates ; ' I i b d on

| aser Doppl ?ﬁﬁé@ﬁaﬁ%ﬁg%gﬁ’%%ﬁg9%8%3@%@5‘*”2‘??@@%% gﬂ&ﬁ %?ﬁ? pOrFfr?tr?kijS
event, ThoT MadgbedrRB® daﬁ%@h@ﬁﬂéﬁllﬁ@tr@ﬁgtﬂ_é}%ﬁ ARGHER 16Vi8S a nhdlfnetic Vs
used as the inspection apparatus. The nunber of defects having a size
of 0. 1ii m or disk&lassrstibainate @xGyientin rais suifacedlafrese iaad/irmsubsiratbegitemgiif.
0.5nm or nore and 2nmor |ess was derived. The results are shown in
Table 2. [0123] (é@f“%]ce Measurenment of d ass Substrate) 5The gl ass

substrateg obtal .”elg tl‘gﬁ Eg?@%@éﬁfﬁ‘i‘?dlt‘éﬁ aﬂﬂﬁn&ﬁﬁca@&@?{ ﬁ&é }ﬁ%lo%ﬁa}%lae&sme re

each neasured usin orce m croscope®w a resol ution of

256Xx256 pi xelkfapdbypdirdipresgagusfdaippet PovdierRiBiRRhEHS) thersblf bBERiIng
roughness (arithnmetic nmean roughness (Ra)) thereof. The results are
shown i n Tablks amorglojus itate-likeiglaber  Asibediirmigosifcate glhss, diss was srade @fm

2 100% an. BATRABIRETHLAR T GRABSOERSE SBMRS RaV e ACkaBHTh 1 o
;;iin?ﬁngz i goﬁg‘?}“%ﬁ%{nesé’%?g(gﬁ%%ﬁmé‘{%%ﬁﬁgqgﬁﬁcZn?nag range of
10% or mooe and 2064@s] | ess fromthe center were neasured, and then a
di fference (Rao-Rai) therebetween was derived. The results are shown
in Table 2. Then, lapping was applied to both main surfaces of the plate-like glass,
thereby obtaining a disk-shaped glass base member. The lapping was carried
out using a double-side lapping machine employing a planetary gear
mechanism with the use of alumina-based free abrasive particles. Specifically,
15 the lapping was carried out by pressing lapping surface plates onto both
surfaces of the plate-like glass from the upper and lower sides, supplying a
grinding liquid containing the free abrasive particles onto the main surfaces of
the plate-like glass, and relatively moving them to each other. By this lapping,
the glass base member having the flat main surfaces was obtained.
20 [0106]
(2) Shaping Process (Coring, Chamfering)
Then, using a cylindrical diamond drill, an inner hole was formed at a
central portion of the glass substrate, thereby obtaining an annular glass
substrate {coring). Then, grinding was applied t¢ an inner peripheral end face
25 and an outer peripheral end face using diamond grindstones, thereby carrying
out predetermined chamfering (chamfering).
[6107)

(3) Second Lapping Process



[0125] A maxi mum valley depth (Rv) and an arithnetic nmean roughness
(Ra) 20 on the surface of each glass substrate were neasured and then
aratio (Ra/Rv) of the arithnmetic nean roughness (Ra) to the nmaxi num
vall ey depth (Rv) was derived. The results are shown in Table 2.
[0126] Then, an adhesive layer, a soft magnetic |ayer, a

pre-underl ayer, an 25underl ayer, a nonnggnetic granul ar | ayer, a
first magnetic recording |ayer, a second nagnetic recording |ayer, an
auxiliary recording layer, a protective layer, and a lubricating

I | am nat in thi d f .the gl t

obiai ned i n the i SecalidiebHEs waRAab I b Go arn wieces i pBees
i ned i ph e8! 9B .

vacuat ed 11 B oy ro T RESameaior 2 o IRRTENNG ot PYRRrife,

to the auxil icutshig ssondidrpidgrecessptig freguadtidgfosssienthe roan Sudacss
di sk substrate in an Ar atnosphere by a DC magnetron sputtering
met hod. The antiesiuitingrel)roogas onariendfacepplishinthprogess asagiesediad| ayer

was such that a Ru spacer |ayer was int r? ed between . a firstI sof t
magnet i ¢ Bay@Focess can BLaRAvEbinEdkatets (o BPEFOTSR ROSHRKE asfoPIets &

FeCoTaZzr . Th%uﬁgém@ﬁ]{ ﬁ&l@ﬁig?{pé&éé‘%s Bf ﬁﬁe%&iﬁ&bﬁé@% iN@Shar WMeal | oy with

an fcc structur e un yer was such that a second underl ayer
(Ru) formed in higjipglessure Ar was |ami nated on a first underl ayer
(Ru) formed in | ow pressure Ar. The conposition of the nonmagnetic
granul ar | ayer was(éhEngdgaePolishingdProges®. The conposition of the

of ' the socond magnbadt e e el B (Bog b d e APoEREBAS b of
conposi ti1gn Qe diasd Histdd \hél%rrﬂirrb%@{/sﬂgﬂ‘g{rlg%f@éh MABhRE BidthdR. Thenis

medi um protective | ayer was forned met hod using C2H4 and

further by cawventi agpdishing abrasivenpprtices, nse ecisceads dfraogjemy (free@baasive

surface thereof in the sane chanber. The |ubricating |ayer was forned
by a dip coafRAi§eseqBdnngicrjuPPEide ghpasie PIBYIeIL (I oad/ unl oad) Test)

[0109]
‘Then, the glass substrate having been subjected to the end face
15  polishing process was washed with water. By this end face polishing process,
the end faces of the glass substrate were finished to a mirror surface state that
can prevent precipitation of sodium and potassium.
[0110]
(6) First Palishing Process
20 A first polishing process was first carried out as a main surface polishing
process. This first polishing process mainly aims to remove cracks or strains
remaining on the main surfaces during the above-mentioned lapping processes.
In this first polishing process, the main surfaces were polished using a
double-side polishing machine having a planetary gear mechanism with the use
25 of a hard resin polisher. Cerium oxide abrasive particles were used as a
polishing agent.
[0111]

The glass substrate having been subjected to the first polishing process



The above-nentioned magnetic di sk and a DFH head having a gi ant

magnet oresi stive effect reproducing elenment (GWR el enent) were
installed in a nagnetic recording device. Then, with a flying hei ght
of 10nm during flying of the nmagnetic head, |oad/unload operations of
the head were repeated in a 25 high-tenperature, high-humdity

envi ronment of 70C and 80% RH in the nq@getic recordi ng devi ce.

[0129] (Corrosion Inspection) 40 The obt ai ned magneti c di sks
were left in a high-tenperature, high-humdity environnment of 70C and

80% RH f 120 h d then_taken . out was i nspect ed
ohot her o maas IR e AT Gbals PLRsts) CEREeT RN di sk,

by a visual "ﬁaﬁﬁ&&é@?obwgrcﬁlr}]&kmtgﬁ éo’ﬁseﬂa,ﬁ? %%f{ht%hogen lanp 5 and an

i nspection using a roscope w I'mes magni fication.

[0130] Eval uation [onizleria were defi ned as follows. [0131] (Nunber of
Lum nescent Spots lcn?2) 100 =0 =1to 2 A=3to5x =610 10 xx
= 11 or nore 15[01§2Ph¢@aiqaésmengthenmg Process

5 Then, chemical strengthening (ion exchange) was applied to the glass
substrate having been subjected to the above-mentioned end face polishing
process and first main surface polishing process. The chemical strengthening
was carried out by preparing a chemical strengthening solution in the form of a
mixture of potassium nitrate (60%) and sodium nitrate (40%), heating this

10  chemical strengthening solution to 400°C and preheating the cleaned glass
substrate to 300°C, and immersing it in the chemical strengthening solution for
about 3 hours. In order to chemically strengthen the entire surfaces of the
glass substrate, the immersion was carried out in the state where g plurality of
glass substrates were placed in a holder so as to be held at their end faces.

15 [0113]

By carrying out the immersion in the chemical strengthening solution as
described above, lithium ions and sodium ions in a surface layer of the glass
substrate are replaced by sodium ions and potassium ions in the chemical
strengthening solution, respectively, so that the glass substrate is strengthened.

20 The thickness of a compressive stress layer formed at the suirface layer of the
glass substrate was about 100um to 200um.

[0114]}

The glass substrate having been subjected to the chemical
strengthening was immersed in a water bath at 20°C so as to be rapidly cooled

25 and was maintained for about 10 minutes. Then, the rapidly cooled glass
substrate was immersed in concentrated sulfuric acid heated to about 40°C, so
as to be cleaned. Further, the glass substrate having been subjected to the

sulfuric acid cleaning was immersed in respective cleaning baths of pure water



Nunber of Defects AFM Ra/nm Ra/Rp Rao-Rai/nm Durability Test Result
Corrosion Test Exanple 1 5 0.11 0.15 0.004 000 tinmes UULOOO 2 " K
Exanple 2 9
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and IPA in turn so as to be cleaned.
[0115]
(7) Second Polishing Process
Then, a second polishing process was carried out as a main surface
5 polishing process. This second polishing process aims to finish the main
surfaces to a mirror surface state. In this second polishing process, the main
surfaces were mirror-polished using a double-side polishing machine having a
planetary gear mechanism with the use of a soft resin foam polisher. As a
polishing agent, use was made of a slurry using colloidal silica abrasive
10 particles (average particle size 5nm to 80nm) finer than the cerium oxide
abrasive particles used in the first polishing process.
[0116]
The polishing was carried out by setting the pH of the slurryto 2. In
this event, the polishing was carried out by adding an additive containing acetic
15 acid and acetate to the slurry.  This is for controlling the pH of the slurry to be
constant during the polishing process. As the above-mentioned slurry
{polishing liquid), use was made of one in which 0.5wi% citric acid was added
as an additive 1o a mixed solution obtained by adding the above-mentioned
colloidal silica particles to ultrapure water.
20 (01171
(8) Cleaning Process
The glass substrate having been subjected ta the second polishing
process was immersed in respective cleaning baths of acid cleaning, alkaline
cleaning, pure water, and IPAin turn so as to be cleaned. An ultrasonic wave
25 was applied to each cleaning bath.
[0118]
In the acid cleaning, the same additive as that added in the

above-mentioned second polishing process was added as an additive for the
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acid cleaning. Specifically, the acid cleaning was carried out using an acid
solution in which citric acid was adjusted to 0.15wt%. This is for efficiently
removing the slurry fixed to the substrate by putting the same component as
that contained in the slurry into the cleaning liquid. As a conseguence, it is
possible to reduce particles fixed to the glass substrate.

[0119]

By carrying out the first lapping process, the cutting-out process, the
second lapping process, the end face polishing process, the first polishing
process, the chemical sirengthening process, and the second polishing process
as described above, there was obtained a flat, smooth, and high-rigidity
magnetic disk glass substrate.

[0120]

{Comparative Example 1 relating to Embodiment 2}

A glass substrate was manufactured in the same manner as in Example
1 relating to the embodiment 2 except that the additive contained in a polishing
liquid used in the polishing process was not contained in a cleaning liquid used
in the cleaning process and that the second polishing process was carried out
before the chemical strengthening process.

[0121]

(Examples 2-3 and Comparative Examples 2-6 relating to Embodiment 2)

Magnetic disk glass substrates were respectively manufactured by
variously changing the polishing conditions and the cleaning conditions.

[0122]

(Defect Inspection 2)

The glass substrates were each subjected to a defect inspection based
on the laser Doppler technigue using the apparatus shown in Fig. 5. In this
event, ThoT Model 42600 (manufactured by ThoT Technologies, Inc.) was used

as the inspection apparatus. The number of defects having a size of 0.1um or



Conparative Exanple 2 40 0.15 0.14 0.005 200,000 tinmes UUL NO xx
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more and 0.6um or less in plan view and a depth of 0.5nm or more and 2nm ot
less was derived. The results are shown in Table 2.

[0123]

(Surface Measurement of Glass Substrate)

The glass subsirates obtained in the Examples and the Comparative
Examples were each measured using an atomic force microscope with a
resolution of 256x256 pixels in & 2um x 2um square to thereby obtain a surface
roughness (arithmetic mean roughness (Ra)} thereof. The results are shown
in Table 2.

[0124]

Further, assuming that the distance from the center of the glass
substrate to the outermost periphery thereof is 100%, an arithmetic mean
roughness (Rap) of the main surface in a range of 80% or more and 90% or
less from the center and an arithmetic mean roughness (Raj} of the main
surface in a range of 10% or more and 20% or less from the center were
measured, and then a difference (Rag-Ra) therebetween was derived. The
results are shown in Table 2.

[0125]

A maximum valley depth (Rv) and an arithmetic mean roughness (Ra)
on the surface of each glass substrate were measured and then a ratio {Ra/Rv)
of the arithmetic mean roughness (Ra) to the maximum valley depth (Rv) was
derived. The results are shown in Table 2.

[0126]

Then, an adhesive layer, a soft magnetic layer, a pre-underlayer, an
underlayer, a nonmagnetic granular layer, a first magnetic recording layer, a
second magnetic recording layer, an auxiliary recording layer, a protective layer,
and a lubricating layer were laminated in this order on each of the glass

substrates obtained in the Examples and the Comparative Examples, thereby
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manufacturing magnetic disks.

[0127]

Specifically, using an evacuated film forming apparatus, the layers from
the adhesive layer to the auxiliary recording layer were formed in sequence on
each disk substrate in an Ar atmosphere by a DG magnetron sputtering method.
The adhesive layer was made of CrTi. The soft magnetic layer was such that a
Ru spacer layer was interposed between a first soft magnetic layer and a
_second soft magnetic layer each made of FeCoTaZr, The composition of the
pre-underlayer was a NiW alloy with an fcc structure.  The underlayer was
such that a second underlayer (Ru) formed in high-pressure Ar was laminated
on a first underlayer (Ru) formed in low-pressure Ar. The composition of the
nonmagnetic granular layer was nonmagnetic CoCr-5i0,. The composition of
the first magnetic recording layer was CoCrPt-Cr,0a and the composition of the
second magnetic recording layer was CoCrPt-SiO-TiOz.  The composition of
the auxiliary recording layer was CoCrPtB. The medium protective layer was
formed by a CVD method using CzH; and further by carrying out nitriding to
infroduce nitrogen into a surface thereof in the same chamber. The lubricating
layer was formed by a dip coating method using PFPE.

[0128]

(LUL (load/unload) Test)

The above-mentioned magnetic disk and a DFH head having a giant
magnetoresistive effect reproducing element (GMR element) were installed in a
magnetic recording device. Then, with a flying height of 10nm during flying of
the magnetic head, load/unload operations of the head were repeated in a
high-temperature, high-humidity environment of 70°C and 80% RH in the
magnetic recording device.

[0129]

(Corrosion Inspection)



Ref erence Exanple 9 0.12 0.14 0.012 1 500 000 times UUL " NO o 41

[ 0133] As descri bed above, according to this invention, it is
possible to obtain a magnetic di sk glass substrate having very few
defects present on its surface with an arithnmetic mean roughness (Ra)
at alevel inthe vicinity of 0.1lnmand 5 thus to achieve the
magneti c di sk gl ass substrate which is gitable as a substrate for a
magnetic disk wwth a high recording density of 160G or nore per

di sk, particularly 250G or nore per disk. [0134] A magnetic disk

gl ass substrate naﬁH; ' : L5 il et '

preferably configuredagéﬁha?ﬁggg%?&g%ﬁ%?%ﬂgi”ggﬁgggggggbghipplying at
| east shapi ngjghaslirhiaRpemdrohMedt 6fi7ORC ng @oPERAdSr TEMiougs andriuen taken
surface, a polishing process of polishing the main surface, and a

cl eani ng prooess Thencit wasinsgectad whsthier parel cogagien oggured anesurface of

polishing, wherein an, additive confained in a Jishing, |.iquid, for
use in the pgppgmaﬁae%%g@i)g aiVéS”@SWFB?‘ﬁ'QH %“H%gﬁlﬂbaﬂﬁﬂﬁtyﬂa&ﬂea IHEP o
use in thg cl ' @ﬁﬁﬁ ' ' t , ifficaush.ng the
addi tive gontagla%gg&ip%% e p%q @gﬁ%‘g&' ﬁ%&%%gb?ﬁh@eﬁﬁ% nt1%1)geh]pol I shi ng
process to be cont[@iged in the cleaning liquid for use in the
cleaning process, It is possible to obtain a magnetic disk glass
substrate havi ng vieraugtiewceieriamese gelinagias follPws s surface with an

arithnmetic mean rs[gggﬂess (Ra) at a level in the vicinity of 200.1nm
and thus to achie e magnetic di sk glass substrate which is

suitable (Number of Luminescent Spots per 1cm?)
10 @ =0
o=1t02
A=3tob
x =610 10

xx = 11 or more

15 [0132]
[Table 2]
Number of Durability Test Corrosion
Defocts | ' M-Ra/nm | Ra/Rp | Rag-Ra/nm Result Test
Example 1 5 011 | o045 | ooos [2000009%mestUL) g
Example 2 9 012|018 | ogos |2000000fmesLULI
Example 3 9 012 | 014 | oops |1BO0000tmesLLLE g
Comparative 200,000 times L/UL
Example 1 53 017 0.13 0.006 NG x X
Comparative 40 0.15 0.14 0.005 200,000 times L/UL x
Example 2 NG
Comparative 25 0.19 0.12 0.006 300,000 times L/LL x
Example 3 NG
Comparative 11 0.21 0.11 0.005 300,000 times L/UL A
Example 4 i ’ ) NG
Comparative 500,000 times L/UL o
Example 5 8 017 0.15 0.005 NG
Comparative 800,000 times /UL o
Example 6 14 .12 0.15 0.005 NG
Reference 9 012 0.14 0.012 1,500,000 times L/UL o

Example NG




as a substrate for a magnetic disk with a high recording density of
160GB or nore per disk, particularly 250GB or nore per disk. [0135]
This invention is not limted to the above-nenti oned enbodi nents and
25 can be carried out by appropriately changing them For exanple,

t he nunber of conponents, the sizes, the processing sequences, and so
on in the above-nentioned enbodi ments aje only exanples and this

I nvention can be carried out by changing themin various ways wthin
a range capable of 42 exhibiting the effect of this invention. Oher
t han t hose, %8{§3“ nvention can be carried out with appropriate
changes wi thi"h @'range not departing fromthe object of this

i nvention. 5 Descragtbsditibefi 2By absorlifd dSinislinRemehi itisHoskib! 1B%btain a
substrate |la surface | b adhering matter 10l c convex defect id concave

def ect 2 hol endgheli@Hisk grass Subsitade havingl B¢ fevgdefects poessiot gh ds surface
substrate Zl%vitiuarnf a?rﬁr?metic mean roughness (Raj at a level in the vicinity of 0.1nm and
5 thus to achieve the magnetic disk glass substrate which is suitable as a
subsirate for a magnetié disk with a high recording density of 160GB or more
per disk, particularly 250GB or more per disk.
[0134]
A magnetic disk glass substrate manufacturing method of this invention
10  is preferably configured such that it comprises a process of applying at least
shaping and lapping to a disk base member having a main surface, a polishing
process of polishing the main surface, and a cleaning process of cleaning the
disk base member after the polishing, wherein an additive contained in a
polishing liquid for use in the polishing process is contained in a cleaning liquid
15  for use in the cleaning process. According to this method, by causing the
additive contained in the polishing liquid for use in the polishing process to be
contained in the cleaning liquid for use in the cleaning process, it is possible to
obtain a magnetic disk glass substrate having very few defects present on its
surface with an arithmetic mean roughness (Ra) at a level in the vicinity of
20 0.1nm and thus to achieve the magnetic disk glass substrate which is suitable
as a substrate for a magnetic disk with a high recording density of 160GB or
more per disk, particularly 250GB or more per disk.
[0135] '
This invention is not limited to the above-mentioned embodiments and .
25 can be carried out by appropriately changing them. For example, the number
of componenis, the sizes, the processing sequences, and so on in the

above-mentioned embodiments are only examples and this invention can be

carried out by changing them in various ways within a range capable of



21b adhering matter 21c convex defect 21d concave defect 2022 nanopit
23 magnetic |layer 24 crack 31l aser 32 detector 43 CLAIMS 1. A
magneti c di sk gl ass substrate nmanufacturing nmethod conprising: a
polishing step of polishing a main surface of a glass substrate using

a polishing liquid containing an additive; and a cleaning step
of cleaning the glass substrate polishegp using a cleaning |iquid
contai ning the additive. 2. The magnetic disk glass substrate

manuf act uri ng met hod according to claiml1l, wherein the additive

contains at |eagby eﬁg‘ec?@{ fﬂgf‘i}{\lr.rﬁioﬁd6thepma¥gﬁ$s%nghsi%ﬁ}l@ﬁion%gﬁ

aci d, am nopolycar gcqf(y Cc acl phosphoni c acl ph nic acil
phosphori c agiaghedmyiit fth @pphgfisie chahges withip alrymjzosntiepating Goth, thami no
trimet hyl ene phosphonic acid, and salts thereof. 3. The
magnet i ¢ di skbifchsikthisuntian.e manuf act uri ng met hod according to claim
2, wherein the additive is contained in the polishing liquid in a
range of 0.01wt% or nore and 10.0wm % or |less and is contained in the

cl eani ng ki g4 .0 f 0.01lwt % or nore and 5. 0wk or |ess.
4. The rragnetqééc*lgﬁlc{gf%ggﬁogubstrate manuf act uri ng nmet hod accordi ng

to claim3 , wherejon3ghe additive is contained in the polishing
liquid in a range of 0.1wm %or nore and 5.0m % or less and is
contai ned in the cleamaagetlid djsk dlashsubstralege of 0. 1wt % or nore and

3.0m % or | ess.
1a surface

1b  adhering matter
10 1c  convex defect

1d  concave defect

2 hole

11,12 laser

13  detector
15 21  magnetic disk glass subsirate

21a surface

21b  adhering matter

21¢  convex defect

21d  concave defect
20 22  nanopit

23  magnetic layer

24  crack

31 laser

32 detector
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CLAIMS

1. A magnet.i.c disk glass sdbétrate manufacturin‘g méthdd cbmpriéirﬁg: |
~ a polishing step of polishing a main surface of a glass substrate using a
polishing liquid containing an additive; and
a cleaning step of cleaning the glass substrate polished, using a
cleaning liquid containing the additive.

2. The magnetic disk glass substrate manufacturing method
according to claim 1, wherein the additive contains at least one of carboxylic
acid, polyvalent amine, amino acid, aminopolycarboxylic acid, phosphonic acid,
phosphinic acid, phosphoric acid, pyrophosphoric acid, tripolyphospharic acid,
amino trimethylene phosphonic acid, and salts thereof.

3. The magnetic disk glass substrate manufacturing method
according to claim 2, wherein the additive is contained in the polishing liquid in
a range of 0.01wt% or more and 10.0wt% or less and is contained in the
cleaning liquid in a range of 0.01wt% or more and 5.0wt% or less.

4. The magnetic disk glass substrate manufacturing method
according to claim 3, wherein the additive is contained in the polishing liquid in
a range of 0.1wi% or more and 5.0wi% or less and is contained in the cleaning

liquid in a range of 0.1wt% or more and 3.0wt% or less.



