;e3e~"){l (6 )TA)v ' 10 DEC 2002 GLASS SUBSTRATE FOR MAGNETI C RECORDI NG
MEDI UM MAGNETI C RECORDI NG MEDI UM AND METHOD-OF MANUFACTURI NG THE SAME
This invention relates to a glass substrate for use in a magnetic recording
medi um such as, a hard disk, a magnetic recordi ng nedi um having the gl ass

substrate, and a nethod of manufacturing the nagnetic recor dlldUgDﬁgIn%lm%nd

the glass s interface between a magneti c head an
di sk has be;\ Wi"ﬁllﬁ &chnol ogy for inproving recording capacity in a
techni cal fi etically recording (witing) and reproducing

(reading). It i8H&essary to excessively reduce a flying height of the
magneti ¢ head which is :goat over a surface of the nagnetic disk to inprove
recordi ng density However, when the record/reproduce (wite/read) operation
is carried out in the known CSS (Contact Start Stop) nethod, the magnetic
head often sticks to the magnetic disk with a low flying height of the

magneti ¢ head. i I+l j r en 1y
Cal'l od *hoad st LA SIBSTTRAME FbobA SR B B REH N MR
variety of texture techni Rﬁ)@mmiﬁ i ngf magneti c
head. A representative sulg%ggtriagr?qgs een nade %@gut a r’rélﬁ% of formng a
rQ00002® 10 D E C 200EIHOD QP MANSFACTIRING THESAMES [ nfo a

rough surface by mechanically polishing (nmechanically texturing) the
surface in Japanese Unexam ned Patent Publication (JP-A) No. Sho.

62-273619. Further another suggestion has been nade about a nethod of
depositing a thin-filmhaving the rough surface on a glass substrate by the
use of the known spyttering progess .jn Japanese Exam ned Patent Publication
(JP-B) No. Hei. 4-6cZiagatg: : SO0,

o LT L i BRI SER AT,

comparisoft W ilaghefieddiyiing MbaRlE, shith!dl JBALMIILE) adndebdeidel oNt

recently has reache Ss to Irnprove the recording capacity

r However) theeo®iding aiediamiiluvingetlie glassesuldtrate,@ed teaiethodveft i onal |y

suggest ed axed descri bed above, is the texture technique on the condition
that the gli denanufacturingdie magneticrecordingmiedimheanfithe ghasan when t he
conventional texture formng nmethod is applied for the recent nmagnetic disk
whi ch recor dsst‘g’rs %'%fse)- and reproduces (reads) with the [ow flying height)

Pt S SASRiRA RFS Albhell R aHd
preventing ef pyaebnfd atlﬂf‘% qg%gﬁ%,l : .mﬁfo¢ig:gzr&%§ai%%g§g§ﬂ%§?§ honal

gl i de hei ght was equal a i nch. Therefore, state (the

surface nor phééclgpicalffi¢ldeforagragmeticilik rethrelingh(writing) ed rdpbeducing

~sufficiently evaluated by the known thally step. Herein, the surface

roughness i s feeadang). by scanning a contact needl e having radius of several
a m(for exanple)

1 0DECZ2002 3 2.5 m ,al ong,t he surface, wever,
when, the flying hdtdRmesoEsAEY 9.¥%S?W&iy6ﬁd%§§ﬂ¥m%§?lgﬁggf$ i n)
which is rece ' ERT ' tQ -] ther .qr.ng
surface state%%#h@&é%@%lﬁ%g?saﬁl‘e)mé%#e%eaa%qg?’gmt’lﬂ “u%]ﬁieskstqlscti on
of the magnet igp¥Rad Fcoriengderdity.ne conventional thally step. It is
therefore an object of this rnvention .to provide a magnetic recording

medi um and "a gl ass Hotwstvrea; wHem thhaecardetprodecs (wiitg/yead) wperatidn has a
glide height of 1,2 a inch_or_ Iless g&d whi ch is_capabl e of realizing high

gl ecL r Io- rragnﬁlcﬁ&’keldaia'é'& fathet knowm r?rﬁ@ﬁﬂ?*’-?@t@trﬁm)mﬁﬁboﬂi Ql?e CSﬁ
surface st at o repREcoasd offk crinke 1 the, Blagndis Bibk Yither e Hxihe  ce
Substrare. nisight BEHHEShAdhEE A (HBrel iP REA0 VR ol fE BRRES,

surface stat e gHerddietlonsSis StREFA1Y RalledSUidaAPsfctidhNce the resolution is

|l ow in, the conventional measuring nethod using the contact needl e nethod.
Based upon the aboSugeestionsdoavantidnally hevecbeen tmade abeosrt x wakietyedf
that height and distribution (nanely) variation of the height) of each

proj ection of tPKhere teejrntangs thprrvent snghstiction of thermagretinkbeade Hof

t he gl ass substrate re inmportant factqrs to achieve, the ove r pose.
Fur t hery as.  TPREGRNEAILYS URECSEIoTh RagdRas M40 aBORE GBIl oL IOTBRERE fhe
gl ass substrate surface as a target ox a goal can not be obtained unless
speci fic polishing condition and surface process conmmuummMmWMMHtoperly
conbined. This invention is perforned base upon this dsul t . 10
D EC 2002 4 (First invention.) In the glass substrate f+«atodise in the
magneti c recordi ng medi umaccording to the first invention) when the

o o, o, - - Y o
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(Second invention) In the glass substrate according to the first invention,
a surface parallel to a virtual principal surface is defined as a contour
surface when it is assuned that the principal surface of the gl ass
substrate is conpletely flattened, when the roughness fornmed on the
principal surface is cut by the use of the contour surface ( g}é Zl)\hi ch
I's structured by the sanme hei ght conponents), a percent age1rgt® aﬁﬂ t al
area of the principal surface for sumof ar®as of the cut cross sectional
surface is defined as a bearing ratio, i the contour surface having the

bearing ratiogofiXa ¥ bt APNIPSlASNE iBlseF S8l indb SH5h %?@&@E9i stance

fromthe referential surface to eamécont our surface h%éi ng each”beari ng

rati o i s specitheelianfcadlppalishinf€hivhadibgllpaaxtuingdittiet sigffatdgncont our
surface havi n%the bearing ratio of 2.5 %is defined as B.H (2.5) while the
beari ng hei ght/agfanese Unexamined Patenh Ruiblication KERrA)No.8ho. 62-2V3619. s
defined as B.H (5.Q), .and B. (2.5 /R max falls within the range between
0.1 and 0.5 or B. HFusthen anether sngerstinnrhas beenmadsabatnaanethed of. 45.

e Ly N
Teasur e, O 05 40 0Vl BB BRSSP ARBab SR e R

range bet ween FatbndPuBlieation(JP-E)°NG) HRiP1-62413 oiial Riethblcof forasidiet ween

0.1 and 0.46. (Fourth invention) In the glass substrate according to any
one of the fithe sdughighrfave byrithd useefitheochpmibsal gtodringpivresstia cont ai ns
at least alkali. metal_ oxide and alkali earth oxide, and_the content of

al kali earth dapsnese Rxamined-Batent Publicatiqu(IP1B) Noe Helo?™10160Te gl ass
Substrate accorﬁi ng,to .an e of the first t,hﬁ%\ the fourth_ inventjons,

0
the gl ass sub3¥ %Pghesg@ééq rate 8 fuperoy;ia €3§ 1R Comparigan Aty An
having 1.2,u i txth invention) In a magnetic recordi ng nedi um
according to ngﬁ?ﬁ‘%‘h%set%%%n at least a magnetic layer is formed on
the principal surfggetld phéen@hiks é?ﬁﬂbﬂ?éi@h?&eéé‘ﬂtl?@a@i‘e&&lﬁe& Iy at

through the fifth inventions. (Seventh invention) A nmethod of manufacturing
a gl ass subst riaiechiordess fofimprowe the zecordingicapaeity: di ng nmedi um

conprising the ste 0 preparing g] a mepber. in which Ra faJls_ within'
the range between .ewav@raa@em Ogim‘éh*%ﬁ?j%éﬁmhﬂﬂibﬁﬂ%al

surface of the glass. nenber is aureagb t.he, use of.the interatom c force
m croscope (AFRFVERYOR %Sﬂgseggefga? d %‘%{f“ﬁ VEr t %Pﬁ’&"% sur f ace
so that Ra falghshiid b Bn' tife boRARIGEEHEEIhE Aidd Heteltt N equil B abdits

wi thin the range
8 iinch.

Therefore, even when the conventional texture forming method
is applied for the recent magnetic disk which records (writes.) and
reproduces (reads) with the low flying height, it is difficult to obtain
the magnetic disk which simultaneously satisfies sufficient electro-
magnetic conversion characteristic and stiction preventing effect of
the magnetic head.

In this case, the conventional glide height was equal to about 8
 inch. Therefore, the surface state (the surface morphology) of the
magnetic disk (the substrate) could be sufficiently evaluated by the
known thally step. Herein, the surface roughness is measured by

scanning a contact needle having radius of several /£ m (for example,



between 3 and 25 nm and Rrax/R a falls within the range between 3 anal 35.
(Eighth invention) A nmethod of manufacturing a glass substrate which is for
use in a nmagnetic recording medium conprising the steps of-. preparing a
gl ass nenber in which Ra falls within the range between 0.1 and x.1.0nm
when a surface roughness of a principal surface of said gl aqsgnBE;@rzﬂ'[PZ
nmeasured by the use of the interatomc forcg m croscope (AFM =, ~“and
processing at |east the principle surface by the use of hydrofluosilic
acid. r (Ninth invention) A method according to the seventh or the eighth

i nvention, furgBery G0Mong ik sGgfateeps of : polishing at |east the
principal surface by the use of abrasive materiel containing free abrasive

grain having grain diewsiver, wdiexethe flydngibigh® becondw 012 4 heck haniesal
surface process or the surface process due to the hydrofluosilic acid.
(Tent h i nvent i{@rinch=Rohdtmaa) whichdsrgcentlyirequiined, itriealiffioult taigudge
chem cal surfac rocess qr,.the surface prqcess_due tp the hydroflyosilic
aci d processeswﬁﬁa‘%f’? the ?‘Hﬁécﬁ Sﬁatfpgﬁhhgla%su stratectan geghize
remai ning dis j.on. f.or b gland K .ip rremahning stres

di stribution ﬁ%ﬁ%@‘ﬁ&ﬂ@% é?ngfngﬁﬁgﬁnS ma}b?adi ;i"yeﬁﬁ Lt Q?Lfélet o the
abrasive grai ryg tlsdn ep of the gl ass nenber. 1 00 E C 2002
(El event h inver?"tdi%ong ilgﬂat net%%gégbcordi ng to any one of the eighth through
the tenth inventions, Avérstiaft d has concentration between
0.15 and 3.0 by weight % Twenlfth invention) In a nethod according to any
one of seventh throught is thereforeaniahject ofthiglinventiomsto provide ahe gl ass

menber contains at |east alkali nmetal oxjde and alkali earth oxide, and
content of thdnagRetic xacording maedium and a,glass supstrate foxthe mpgnetient h

rvent on) |0 AR R AL RIS LU bk 8914 Bachll Being
AL20S el ween gt if e NG Ut sl B ERR AR URHA Ml 020

net hod accor diagm; erfordrasd)dhd higR (0S8 duradilitychagatferistc,
Si 2bet ween 62 and Sﬁwei ght % AhO3 bgltiween 5 and {1:%‘ wei ght % Ei 20

between 4 and 10 wei ghnvéntodaavepaidattention t8 specifitthy surfacgstateefween
6.6 and 16 wei ght 9% as ndin coppopnents, d weight ratio of Na201Zr42 falls
within the rartgv@ glassesubsirateshy thequssef theinteratemic forge mioroeppe) f al | s
within the ra t.weem 0.4 and 2.5 . (Fifteenth invertio I n nmet hod
according to m‘ lgﬁénoqr%segvt@n?ﬁqﬂ%& surface state °tetrhe gP 88 su‘gstratte.

This is because it is impossible to identify whether or not the surface

state of the glass substrate is suitable, since the resolution is low in
the conventional measuring method using the contact needle method.

Based upon the above-mentioned evaluation methoci, it has
been confirmed that height and distribution (namely, variation of the
height) of each projection of fine roughness, which are formed on a
principle surface of the glass substrate, are important factors to
achieve the above purpose.

Further, as a result of various experiments, it has been found
out that the glass substrate surface as a target or a goal can not be
obtained unless specific polishing condition and surface process
condition are properly combined. This invention is performed base

upon this analyzed result.



fourteenth inventions) the step of chemcally processing the surface or a
chem cal reinforcenent process (chem cal strengthening process) is carried
out after the surface process due to -.the hydrofluosilie acid. 10 DE C
2002 (Sixteenth invention) In a nmethod of amufacturi ng a

recordi ng nmedi um according to the sixteenth invention, W@Eﬁr&ﬂ%u C
| ayer is fornmed on the principal surface of, the gl ass substrate

manuf act ured by the nethod according to any one of the seventh through the
fifteenth inventions. (Seventeenth invention) A nethod of manufacturing a
gl ass substrate for yrdthinvergmg)i c recording medium conprising the
steps of-. , specifying a surface state of said glass substrate to inprove
flying characteristi dmthaglweﬂbstfmbadonUse\mrthehmrmmic réeordigget i
head within a specific range Ra, Rmax and Rrax/ Ra neasured by the use of
the int er at onmedizvm aaeoeding bpshe-firsbrivyentiony when shefsaudfacs ronghglesss

substrate unde rrou surf ace ro ss| ng..conditio det er m ni ng
surface proce® fi%g ?PSFP%‘B fﬂst@‘gh@FF %%@ﬁ%ﬁ'eﬁi}ﬁb'he

W thin the spliP 3#5%%%%%5%#3% x&&a@’%«:@afza@m RpEEgPel fine’

substrate basgfbdip PBubhtheds) the Tangb Wt ldt2%ﬁnAR}ﬂE$ ng

to the first 1nventio vvhen ace rou hness o east

princi pal SUffmﬁutheiélﬁ;ffaﬂﬂbﬁitlﬁth%fﬁ élmdeﬁ)ﬂ ahd 26Aanef ahlle
AFM Ra falls within the range between 0.2 and 2.5nm Rmax falls within the
range bet menmnanﬂ{ﬂﬁaﬂmwﬂ:gﬂnﬁzhaa‘ﬂagé betweenthandt3t range between 3 and
35. Thereby, the glass supstrate for the magnetic recordi ng nedium such
as, the magnetic di e WMEGQHOM height 1.2 a inch or less wthout the

ticti f th t] 02 t h I
SUbstrate satisf oo i ElasH gHbeaataesprting so.tif BIStinteRtionna he
tic disk d
R ar 6 cent SLTfAte pafaliei B AN Al otbldbal dutfiod fe REARICKS bty
BO601) respeckuyfice Whenvwlseasshxﬁea&mewﬁqnmpdttﬁuﬁéé bfehegdass the

maxi mum hei ght of the roughness fornmed on the substrate surface.” When Rmax
is not exceedsubsfrate)xstdmpldmlyﬂmtemredace subat anti al | y beconmes the
mrror surface. This (s n pr ef er abl because t he pagne |c ?ﬂad is s uck
to the surface of thFh%lg reughpess IR the prinep GerAs Q‘Ilr"e ¥l i de

hei ght exceedgbéalz aﬁ'ﬂg ‘_}r S 1S got s(g‘(ﬂ ?&fs)r ragh \79 he rat ythe
Rmex/ R, 58y°

oo 1573 sk At AL A e it s
on the substrate sur e an ang es he coefficient o iction

Therefore, thpsincipad surfade fomuham afeus of the citerodsosectivna surfadedst
that the variation regarding the height of the island (peaks) of the

roughness hasdefineshas a beqpangorati ‘k.eep t he gI | de height of 1.2,u inch or
| ess and to realize fhe hi gh CSS b|| racteristic
whi ch represents thehr‘fepﬁﬂ1r°‘ﬁﬁ§ D@ﬁ ?@Eﬁbﬁtﬁ“?ﬁ@ﬁﬁ;%’é%éngﬁ
exceedi ng 5, }1@ Qﬂ%faﬁ ﬂag&é’vel y becorres uniform the static

g A re . .

coefficient o on excee and contacting area with the magnetic
head is increase o0 gfaHdistahfcerobd¢hs refdretftial 3b§t8@acﬂr&fxﬁ;b%ﬁ" e
because the CSS durability characteristic I's degrade Further, when
Rmax/ Ra exceedurfide hhemméaahrbdm.gbtmmio ishepenifikd ds0a beaginghelighter age
surface roughness becones | arge. i 0 DEC 2~~'~ Therehy, the static
coefficient of frictthebearingheight Of bl@ecom\noargrfatcﬁéa&iamga&a hgasins

ar ge. Thi o1 Sehorokied ois detiped nCB A shwH IS iE bedumd Refant cP TS
method and ¢ nbonbedt ShEFE R PR anitl oBRP A R4 B BRI R BI

surface roughrqsg? hadcontrolled within the range specified by Ra = 0.71.6
nm and Rmax = 818 nm Rmax/ Ra. 10~20 in the CSS nethod. - On the other
hand, the surface roBanQSsﬁ)i’Rnﬁa:rEﬁ]ﬂé Q\&tbinth@tranbbdibtvﬁddﬁﬁ 1 hadr@ubger
specrfred by Ra = 0.22.5 nm Rmax = 31,0 nm,and Rmax/Ra = 315 in the | oad
- unl oad met hdBH.AS. WRtmanéallbévmn thessangmbetween 4. raardk0.44hi ch

i ndicates the distribution (variation (uniformty)) of the island (peak) of
t he roughness on the substrate surface. It is certain to be able to obtain
t he magnetic di sk which has the glide height of 1.2u inch or |less and

whi ch, satisfies the high CSS durability characteristic by selecting the
predet ermi ned range. However, the projection (peak) on the surface of the
magnetic disk, which directly contacts with the nagnetic head, is

practr caIIy a hi gh prol ectr on (peak) correspondr ng to Rrrax vvhr ch is the

e . o .




1 0 DEC 2002 mAccording to the second and third inventions, the contour
surface having the bearing ratio of 50 / is defined as the referenti al
surface, and the height fxoxn the xeferential surface is specified as the
bearing height. Herein, it is to be note that the contour surface neans a
surface which is structured by the same hei ght corrponents.-lz‘ogﬂgphmezari ng
hei ght of the contour surface having the be,%ari ng ratio of 2. S ned -
as B.H (2.5) while the bearing height of the contour surface having the
bearing xatio of 5.0/ is defined as B.H (6.0). In this event, B. H

(2.5 I Rmax falls w-i ('Dhindiﬁ&mﬁm)ge between 0.1 and 0.5 or B.H

(5.0)IR naax falls within the range bet~av~een 0.1 and 0.45. This is

pref erabl e because t Im thevglask subgtiategiecordinig to the first! invenmtzom, the hi gh
CSS durability characterjstic i s qQbtained. Herein, descrjption wll_ be_ nade
about the beasuUataeereaghngss of aﬁﬁsaﬁhghﬁ@irgwpai ﬁurgmc&wﬂa@wedi by the

illustrated in_ Fi 1, .the surf.a roughness on,,t princi ple surface of
the gl ass subé’tsrea&et}b%f’églqégoggeggﬂ?%&@%%?? i tion were neasured by
the use of the inter 1 r l 1.he face
roughness on a speci %g}‘?ﬁde%r&ﬁ}%%h%sfﬁgggéréf%gn% u?te?%t“ev'lagl ig. 1is
represented in the nERBLN(RE)/Ruiae falls withal tHe randebetived®'¥.1 WD 0.8 oS

assunmed that the principal surface of the glass substrate is conpletely

fl attened, thd.Hr510)/Rmandails withihathe rangebetwdenrOl1tdned Qudbace
parallel to the virtual principal surface is de$ned as the contour surface.
'fb, e contour surfac@ourthvimeention) di st ance fxoxn the virtual princi pal

e L T N
the cut cross eCtRdrvenfia R Bl Jebiitngh kafatpnale SUR AN fipedt
surface is defﬂ&gﬁﬂw%%t?g”%ﬁi& Further, the contour surface

havi ng the bearing rat ‘ned as the referential surface and

each distance from tthe ¢oritentifisdkatiedmbeotidetibmotcroreding ¥ aod %Bavi ng
each bearing ratio i s_s%(ra_ci fied as the bearing height. In this event) the
above-nmenti oned bear(Fmﬂ? m“le@ltﬂ@l)pl otted in the abscissa axis) and the

i cal di f h i i f,.th f ' |
ept h_(beax) ng dept (A 1S SRR SNPAAPs dcoRdingcho 2ay Shersh th Bept 70y
the b i o | L h

e bear| NG CYsNEughd futh BVEMSERL Wheplals, AlndsiEySl h3sa dpuphness

illustrated in Fi IsTiTlustrate e contour surfa whi ch
is laidin thendppkbid@ekneHhiek hRpaiglidd Beightthabig 1iZpdathnadlens. t he
xeferential surface. Further, the bearing height having the bearing ratio
of 2.5 %is defined {Sixghiinveiiér)) whil e the bearing hei ght having the
bearing ratio of 5.0 _%is defined as B. H (ﬁiO). nthis ca'ape) en B. H.
(2.5)/Rmax falls witFpR DReReligaesex diughaceprdipg o the fifthy) ) Rrax

falls within t.he xax~ge tween 0.1 gn 45) d.t u
realize furt héPVPB%‘QI?’ﬁ%a‘r\%Eiagma%egmgﬁoyzﬁrrgstéﬁé%%ﬁggg% %% ég}ﬁce
characteristi g [ gﬁﬁhé@f‘% iRt | vel y
represents thefrtgt@ggﬁirsséthrl ﬁfgf%'ﬂfﬁzg tween t eﬁ%g?gﬁ‘;ﬁ%ﬁﬁ% %glri ng val ue
and t he maxi migvpheicgid.i on hei ght, and deeply relates with the projection
density. 1 0 DEC Z002 Tl ~e inventors have found out as a result of a

vari ety of experi nmen{Sevémth threentibnd of the B.H /Rrax in the bearing
ratio of 2.5% and 5%closely relates with the S durability, a d_tgg static
coef5.cient of frictfomethofeofmanufacturing 2 elass suhatratavhich ig foyypse

/ Rxnax are not. exceeding 0.1, respecti.vely, the.coefs. cient I'—?Cﬁ friction due
to sliding is PR RAEBELHPPR 2 '??Wr}%nfg&\ké‘r%*&l’s t her, when

the B.H (2.5)/ Rma _
xegpecti vfal Y, )t he )éoygpgfiejlrﬁ ﬁgglg'%rg?g | onﬁéﬁgggégﬂﬁawg%%’mﬁ%tme range

preferable. between 0.1 and 1.0 nm when a surface roughness of a principal

D)

surface of the glass member is measured by the use of the interatomic

force microscope (AFM), and



In tbis case, the surface having tl, ~e bearin‘g ration of b0 %in the
bearing curve is defined as the referential surface. However, this defines
the referential surface of the bearing height) and the value of the
arbitrary bearing ratio in the bearing curve nmay be adopted sﬁée 2002
referential surface. However, when the bearing ratio is 501’ﬁ S
preferabl e because the referential surface_xs a central surface between the.
i sland (peaks) and the concave portion in fhe roughness on the principal
surface of the glass substrate. Further) the value of the bearing height
(B.H) is selected t&éxﬁﬁ:ﬂ?ﬁiﬁ&_ﬂ@eisih?%h%; Sdrfaeé s6/thiat WA FhHs Withaw ng
reason. Nanely, the density ratio of the island (peak), which has the

hei ght corr estlvndangetisetveen®@ smd 215 hat Rmeugfults wvithiat theaanges with
the magnetic head in the correspondiza.g relationship with the |ow flying
hei ght requi r betweentthendshsunc andsRmax/Ra fallcwathincthe nange hetiweend
axzd the high C&S}igurabi lity, can precisely identified. rn Table 1, a
plurality of # - magneti c di sks, which had the predeterm ned density of

the number of the i SIERER iBYREPBASS° D £'C 2007 14 vas 380 in the di sk
A 96 in the di K B.AGotHod BE mihlfbeteiile G éhsb bbbt okteCrMaER ib or flck

was sliced with 6 n e center e surface roughness. In this
condi tion, B. il Bnmagiisticsbcordihginetiivim donmppdsinpothabiepsof set to
0.025% 0.25% 2.6% and 25% regpectively Table 1. re r?sent_s t he

cal cul ated resul ts. preparing® plass grsabey inwxlsich Ra. fatiy withindherangsy)

/ Rmax8. H. (5. 099 . / Rmax8. H. (25% / RmaxDi sk A0, 640.58 ~0. 430, 380, 15Di gk

B0 630, 530, 20betTEEDABIANE.  FmGTbenss sugbatedioabs sl GHIOGPEI0. 1

St kBTt SBERE R ot 007 1
rel ati onship i v i e diisk C ~ the disk C nust be
natural ly satﬁsﬁelttggo%%%lggﬁﬁ @#ﬁ%@ﬁﬁ%@s?@ of the islands (peaks).
However, "the val ue GirdbestilgEplosdt fHiepsintiple {edase byl tHease efcompari son

with the disk A or the disk This is because the rate of the nunber of

t he abnor mal hydrefluosilic 4giehks), which does not relate with the glide
characteristic,” is contajned nmuch, since the bearing ratio is considered as
the relatively small ,VMEQ%), as only excessively small region of the

n
i sland ks). Thegef ferable in {hi b h
sjands (peake) ToAShehEsd oS Pl SRR, P he AR B8 RuleRRgEs 1 e
is 25/, the rmﬂé}dégsilﬁPg%@é%eogtegg%ﬂ sl ands (peaks) can be identified.

However, it is not because the range of B.H /Rmax between the

respective disks is polishing at 1éadd thepAnRipal Surface byotkse ueeof adrdsiesul t s

are bxi~efl,y explained as follows, and the second invention and tre third
i nventi on depmrteriglconteining frae abragiye prainhaving grainsliametes surface

roughness of {hg sub ate,l et ef m ne and the,referential surfgce as
et of or encelBFVERE LB TA G0 rbeloss fhe thesth sHirAdrsttosk s on - and
the third inv bON, j ipg:.yatio of 60%is selected
as the refer eﬁ%ﬂ%gg?é%QF@ngﬂég{#aﬁéﬂggﬂegggl so that the specific
paraneter, in which (TentheRiventieyg) ght B.H and the rate of Rmax neasured
fromthe referential surface determned fromthe above-nentioned (1)

i ndi cat es t he char acheri miethodapeordihd tox thé aintlyimventidns kherchemeicatl at e of
t he surface roughness in the corresponding relati onshiﬁgwith this

char act eri st i 8uTane progess@rsie /s giFmosespiuerte the hwdveflwonlic agid. 1 n
th d i t] d the, third.,i tion, {he beari i |
(2569 6. 0% PEocesies thie surtacasq that aporon having Rlatvelebigh’ on 't ne

A ! . . S Py oht.
The” coot £ of ereriyifnk BstHGT RS WhIdaBl PRI it refhdiding s’ O

distribution which is generated at a portion of abrasive trace due to

the abrasive grain in the polishing step of the glass member.



i as the characteristic required for the magnetic di sk can be precisely
identified. (8) The range of B.H /Rmax which satisfies the characteristic
requi xed for the magnetic disk is determ ned for the bearing ratio selected
by the above-nmentioned (2). In the second invention and the third
invention, the glide height is 7~.2 I~ inch ox |less, the cqeffil

frictionis 3 ox less , and B.H (2.6) ~R mpx which satisfﬁdﬁ[bﬁgfgﬁﬂﬁglent.
CSS durability falls within the range between 0.1 and 0.6 or B.H (6.0)
/Rmax falls within the range between 0.1 and 0. 46. 1 0 DE C z002 The

gl ass substrate for {RRvEHERSiHventick) mnufactured by the method of
controlling the surface roughness is ‘'useful for the xnagnetic disk in which
it is necessary to siniaxtdethoddccorditie ts anfyaore obthbrighthfthrbaghuliss rat e

to achieve further flying hekght of the nmagnetic head. According to the
fourth i nvent itenthinzeations, thethydreflupsilic acid basnoncentration betweenrt

al kali netal ide a kali,earth oxide, axed content of the alkali earth
oxide is z~ot %ﬁig@éﬂiﬁgﬁ Wﬁ}gﬁ%&/‘rfhereby) t he desired surface roughness
mentioned in the fir t ugh third inventions can be readily obtained by
t he chem cal surfacefhwgg%g§gFP§§HF§f7.uosiIic acid process) which wll, be
described later. Acc j t he. Lt ) ] j q"ﬁ# , Whi ch
is recorded (mmitten?ﬁg%gﬂﬁégﬂb Gé%’#§$3%§¥3G§?§Bfﬁ%bgPﬂggﬂﬁéPgﬁt 0 .2 ,uU

inch or |ess, ihventiphs, therghk¥s cohstithtiag! the gliwsi iilenthler Botfiinl Hhleast
recording density and the high CSS durability. According to the sixth

i nvention, at dlkalitmetghexide aadealkiadi éartheoxivle, amed conteritpef theiallald of
t he above-nenti oned gl.ass substrate. C%g;iguently, t he magnetic disk
satisfies the eargh axdeds net@roeeding 3mod %n characteristic and the )sigh

CSS durability charagrﬁﬁksti%h.Acco ding to the seventh invention, the
gl ass na.enber, in Ltepniiaapye in the range between 0.1 and 1.0 nm

when t he surface rougﬁrhe t%g;&g‘}&g’%ﬂ?it% esl'wglfﬁfiﬂéeﬂqiaﬁufﬁggza%ﬁwwl is

prepared. The surfacée roughne east the principal sur t he

gl ass nmenber icongbitUitheg the plass aferbbeseonesitSiOsbetwéen 58 4adWWB hin the
range between 0.2 and 2.5 n~aa, Rmax falls within. the range between 3 and

2b nm and Rneweéightf %) 1Ad, @} betweehdd nady23 weight %,3Liy0) batweenld and=102002
"hereby, the glas ﬁybstr for the nagneéic disg[é which satisfies the
hi gh CSS dur abFeight, % gmd NagOabetwaen ¢ and b weight & a8 myain compenents

i nvention, the gl ass mher . An which Ra falls within the range between
0.3. and 1.0 nn1mhen(§§8r§ﬁ$whegwp ess of the principal surface is
measured by the A™M 1he i edscodiih WhildenthPidivenitidrilCtheklddie
gl ass nenber is pr oc%g?é e s%cr? ace %36?;%% useéo %ydrc??l uosi I | céaci d.
Thereby, the goatainsBiO;bdeeween 62 and@d steighdi% kAl bétween & and 1He
hi gh CSS durabiljty, can be atably manufactured. The surface roughness of

the gl ass subsweight Yellds© hetwean dand 0overght¥s NaO between 4@nd di2r o
roughness (R, a=0. 1A nqhy n hem cal t eni for cessing the surface
nust be sel ect‘gﬁlﬁh}' %hé‘ ZF&&J‘{?@W%@ c?'ﬁdiﬁ gtea%bgr’bagtxa CATRPARRe
t he gl ass subqb& te for the magnetic di sk which satisfies the high CSS
durability Inventors have found out that the surface roughaesa of the glass
substrate before the _v&éi?h%%tﬂ'f 6E R (VY05 faHEithiA Sho ﬁdi{%é Betwees0.5
distribution (variation) of the islands (peaks) on the substrate surface
which. is finahd 200twhilecdvéizhttwitiy of AlO AZrO; fallbewithin theuksigeat e for
the magnetic disk of this invention which is required to be controlled the
surface roughriefavesn Q.4amd 2duracy I nventors have enthusiastically

researched this case.géﬁ aresult, it . is preferable that the surface of the
gl ass substrate befofEiktaenth in¥eRtiondcess is in the mirror state.

and 1.0 nm "o e_pr e By A Hied ABtotpgto A bhe o deer R RRRIEN o o
1.0nm and { iguzes@it thyentihl thé Bes 8P GReRALNRY HrbcBasing N buFfdd6F )

t he hydxofl uosilic acl uri ng processing the  surface of the glass

substrate of tdehehizal pediforoemeat pyoekse(chemiral stréngthering-prodens) és

(slow etching rate) as conpared to hydrofluoric acid solution which

cont ai ns hydr ctdmied ovdciftlenthe stafaceuprddese dusctathie Wydsofluosilic acid.
conventionally used as the etching liquid. Consequently, it is possible to
precisely control the surface roughness. Silicofluoric acid (H2SiF~ is
typically used as the hydrofluosilic acid. The hydroiluosilic acid process
may contain the other acid (hydrofluoric acid, sulfuric acid, hydrochloric
acid, nitric acid) and conmercially avail abl e washing nmateriel (natural
washing material, surfactant, alkali washing material) with fine quantity
in order to enhance the etching (washing) effect. Further, the process

Y N T




Preferabl e density of the island (peaks) and tip shape of the island (peak)
contacting with the magnetic di sk can be obtained by setting the grain
dianeter within the range between 0.3 and ~3.0 ~u m |n consequence, the

gl ass substrate for the magnetic disk has further high CSS durability
characteristic. Wen the grain dianeter of the free abrasive grraia is not
exceeding 0.3 ~c m aggregation of the pol|shing nateri al ) rs,
and further, nuch residue generates after bhe washi ng stepT ﬂ'?'gllggl gﬂﬁgt
preferable. Wien the grain dianeter exceeds 8.0,i m the roughness after

t he etching becones m’ | . This is al so undesirable. ao 1 d
DEC ~da2 Moreover, cerium gxhﬁé%}é%%%, al um na (A120, colloidal silica
(Si02), iron oxide (Ine2@apthedof i amiufadtdeinda30apnetica@rovdin ntedidhO-,
titani umoxide ('~02) are exenplified as the free abrasive grain. According
to the tenth accordingrp theesizheenthhinventionecapleastss magnétic dayémie process
due to the hyg}rgofliosi l.ic acid pioce ses Eylgle urfacasso that the portion
havi ng rel at i ¥emedogthersinaingl snstaseaf theglagrsnbsteatesmanufasturedi n
remai ni ng stress,distrdbytion ycrhich is gengpated at,.t orqt i.on of

abrasi ve trac@vgh‘g IPSq"ﬂ aé’ﬁ?ﬁé’*%%}?&?'r?q%nof% poYSR Eﬁr@f‘%}btgP the gl ass
menber. |nve WseQvered that the trace, along which the abrasive
grain passes,nﬁ?creegalsaﬁﬁgw%e orred as the island (peak) when the surface is
processed by the hy{Seventséntlsineéntish) er polishing by the polishing
material. containing the $ree abrasive grain. r Al though this mechanismis
not clear, the |oad Ametiodofnstmnfpctvempa glass substratedfornseyiman. is
applied to the surface of fhe glass substrate. Consequently) the nétwork of
Si-0is (syst®masmetie rocondingsnedivm, gompriging the skeps AEnuni fornity occurs

ST TAr 3L0600s84ae, B O o BT A L
navi o "ol | Hehig st beSo Al o A A28 i Wk e IRL by bbote

abovenent i oneHeRASKRIIEA Y speificordriife RiaS FiMak\and Rifak/Ra eheasitéd bydkhe
Thereby, the desired surface roughness state can be $rstly obtained. The.

concent r at i onusé of khehnterdtomin force mictopcofec(ABM);fal | s within the range
between 0.15 and 3.0 weight (the elgventh_ invention). "Wen _the
concentration of thePuPLeReMIgthe sustace of the glass tequnder Viaziome o

the etching effect or the washing.effect for 21 1 0 D E C 2002 the gl ass
substrate is F%@“&&r%&ﬁ%’é’cﬁ@% 100%e desired surface roughness can not

be obtai ned. Wen t enf L a0 ' : ol ¢H irf 1
to cox~txol. the sur %%g%%'ﬂ%ygsﬁﬁﬁgﬁgg gﬁé&%@?@? %é%eaﬁ?s%ﬂﬁghé%%
rate becane ggh@KRid@pTROHSHMred B theame il interatoniid forcaani®ioseope

recoxdi x~g nmedi um having stable quality can not be obtained. This is not
preferabl e. | ({AFM) afterdiie progesefhlls withinthedpecifitvangepandhr ough t he
third inventions, no limtatiqn i s [Npos as, to a.kind si ze and

thi ckness of the gl JREOCSHENEF the sy Q?ﬁ(j’rﬁ Slqsﬁmra%.ﬁaﬂeé‘mﬂ?ﬁﬁ?eri al

of the gl ass i il 385, S0da. I i me gl ass, soda
al um nosilica gp%@gdgﬁ%gﬁggéggﬁ%g&é J' a%'s_, borosilicate glass, and
silicate glass are exGmdihytd the 'Bret/Hwintics! Wwhenddshath et votidliéss

controllability of the chenmical etchiaag fox the alumnosilicate glass) and

the surface rofigbleast the préncipal surface of the glads substraty arenmleasuretde

gl ass substrate (the glass substrate for formng the island (peaks) by the
nmechani sm i n biretheense of therAFM) Rasfadls within thernangs betmgend).B8andf this
invention is prefergbly f neqd by the material which copntains t al kal i
metal oxide amePRR, {2115 Wil Hom raRES BetHeEnos BBt 28 1Thh a5 do (RO
MjO, CaO and e like)s 1S Nak .exgeedi n | th | fth invention).
The conpositi Zﬁnﬁﬁ{% ff'psp‘iyb E%V%g%g?ﬁﬁeé#%’g%i%i ght % of Si 02, 523
wei ght / of A120s , 1 v i eafbg - } 9 dASm
mai n conponent s (tﬁgﬁtgﬁ%g?ﬁt#a?fﬁv%aﬁﬁﬁg%. uﬁeh%%éﬁ%ecggé?g‘?g t hat
the gl ass doesushtas;dthet iaghetikdisk bastthe(glidahpight U2 (sindh ag.leSa0 or
MO to remarkably formthe island (peak) by the mechanismin the tenth

i nventi on. aithoot bhe stictioz of theangigvetizrhead. is preferable in the
fourteenth invention that the glass substrate is an alum noailicate gl ass
whi ch contains 6275 wei ght % of Si.02, 5x5 weight % of Al12 03) 410 wei ght /
of LiZ20, 4~~,2 weight / of Na20, and 5.515 weight / of Zr02 as the main
conponents, the weight ratio of Na20 1Zr02 Falls within the range between
O b and 2.0, and the weight ratio of A120gl2rOz falls within the range
between 0.4 and 2.5. The transverse bending strength is increased) the
conpressive stress | ayer becones deep) the Knoop hardness is excellent) and
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surface is chemcally reinforced (chemcally strengthened)) the remaining
distortion forned by the free abrasive grains on the glass substrate
surface is buried in the stress of the chem cal reinforcenment by chemcally
reinforcing (chem .cally starengthening). This is undesirabl 4ﬁ se tbh~e
surface roughness can not be controlled. However, the same ri ﬁfEEBZOGQ
above- nenti oned case can be obtai ned by interposing the polishing .
processing step due to the free abrasive gtains between (imediately after
the surface process due to the hydrofluvsilic acid) the chem cal

rei nforcenent proc l ¢ t and the
surface process du?ﬁgﬁ%iﬁfgt&gﬁ g]?%%g‘é’?ﬁa?@%laﬁ%gf‘ﬁ@ﬁ%ﬁ:‘ﬁnﬁ?a?% o
rei nf or cementdyirabrlity hekratertitie i ithehagmetiRcdisk wéiel) the CSPendRAE i NY
step due to the free abrasive grains --~ the surface process due to the

hydr of | uosi l'i ¢ aci dHegeimridiiagotbe notedsthatcRatdnd Rmaki 2ire cantdreline t he
magnetic layer is formed on the principal surface of the glass substrate
nmaxa. uf act ur dean rowghnassandmaxhouae heightyspecifigdy JigtB()ﬁQﬂ.e for the
magneti c recordin _rreldi um such as, the above-nentioned nmagnetic disk.
Thet eby, therﬁﬁaﬁ%tﬂ’eyrecordi ng medi uu~, such as, the magnetic disk

satisfies the high ﬁhg%ﬁﬁgﬁ %aiigng%%%ai}%gbég £ ’g?rliﬁsef?lﬁgF%)é d the high
CSS durability char e iC. . . i e

sevent eent h i §§ﬁ§, Thdi ?Hi%% Sid ot e of

t he gl ass su% rat gﬂfs}ﬂégﬁ?%ftﬁgﬁg t atg%Ra, Rrr%{%%a?r%%ﬁtg |ec§*tj£ft e

hei ght of t hdVhendRaes% i notBxced 6hemi, #he subebi et aufacsisubatantinliy-,
Rmax~Ra whi ch indicates the height distribution of the roughness. In

consequence, becomgsative mirsor anefdoe: Thie 1ampt grieferablehiticamseddieum used for

the magnetic disk, satisfies the high electrom.agnetic conyversjon
char act er i st Magnaticrkesd @15@83‘ tat Qiﬂﬁ%&ﬂ&%mmm@¢$kq “ﬁé@lﬁébﬁ/el y)

t he surface ughness € prj.nci sur face of .t hesgl.as hst.rate i s
Cont rol | od- s SOK S¥casds. 25 TR 4 efide el Siedab dra i Bk, MRS Tt
(B.~.). of th%&?%ﬁﬂ! Hrface and Rmax, or R a, R max, Rmaxl Ra, B.|i.~Rmax
fall within the speciftic range, as described in the follow ng structures

(a) and (b). In thEhehitto 6P RMHk/RE thégsurdd By therATM raprésentdi ch

indicates the rate (the distribution) of the pr (yﬁ;cti on_having the hei ght
cor r espondi n@listribtitiomaéianiationofuanformityd) ragarding haight pf theiigland (the

Thereby) the gl ass.substrate for the_ magnetic recordi ng iumused for the
magaetic di opeaks) indthe 20y e9on;the Sikatrats i@ﬁﬁ@&ggﬂ e
characteristi d_t he Ju.gh. rghili haract eri.st i met hod
of manuf act uFﬁﬁ@%@éﬁf%’tﬁiﬁéﬁl ©h g%iag\roaﬁs ilﬁltpaf’%ﬁﬁéﬁg??@rr ecor di ng
medi um and whi ch l.'h?véh‘fd‘r@‘lfdé’f&hﬂ&%%t a%&ﬁe'%%at%ﬁef%ﬁﬂm, ihg the
representative of a center-11ne nean roughness, Rmax Is defined as a

maxi mum hei ghieighpof thetisland (péaks)Yof they poaghhesshas aphopdesangeitot and a
| owest point, a surface paxallei_tq a virtual principal surfaceti s&g i ned

as a contour Hderheightof:b2ypinch anlessand toxealize the high t he

(24
gl ass substrate Ls,.conpl ete|y.fl.attened, ~ 0 0 E ¢ zooz when roughness
formed on thg%%ﬁ@%%@% %é 6f the glass substrate are cut by the use

of the contour surf t f . Of . i nci pal
surface for sumof ar %‘%%‘P e cvggf%ﬂrgé@%&&%%ﬁ%%%éb??&%énﬁgg ned as a
bearing rati ‘(vaﬂiﬁi&ﬂﬁéptﬁe §'é'hk§(i§ iitvdsteetiey BeBhe HGughine?s @afidelyi s
defined as a referential surface ,and each diStance tomthe referential
surface to eddeonves amiformf theesteatic soeffiiénbeffriconaiceeds Fravdfied as a
bearing height (B.H)) conprising the steps of specifying a surface state
of the gl ass sctingearen wiph she magneticcheadiis vasreaseddp zeadilinecewr head

(B 11 1 Rom)  dbecticqion: 058 IS nok preemble hrsanas toaSH S84 IFe Lge of
the interat O(r?h%rfa%wﬁs@c(\i@%e%%ﬂe%':l ~; processing the surface of the gl ass

substrat e under various sur € processi~.ng conditions; . determ ning the

surface pxocessi ngFe4Hbk WHeRORM DY RE é’k&é@&@%%@ﬁi&:&lﬂl@fh h@ﬁmﬁ@{] thethe

interatomc force mcroscope (A~"M after the process tfalls wthin the
speci ~, ¢ r angssalenforotine esinl nprdragesswrface rofighhesgbessmesllarpet e based
upon. the determ ned surface processing condition. (b) A method of

manuf acturing a glass substrate which is for use in. a magnetic recording
medi um and whi ch has surface roughness R a and Rrax, where R a, is
representative of a center-line nmean roughness, Rmax is defined as a

maxi num hei ght representative of a difference between a hi ghest point axed
a |l owest point, a surface parallel to a virtual principal surface is
de~tned as a contour surface when it ig assunmed that the principal. surface

Y ~ o p— o o N . o o, . .




processing the surface of the glass substrate under various surface
processi ng conditions; deter~m aiua.g the surface processing condition eo
that Ra, Rmax, Rmaxl R a, and B.H /R ma~c neasured by the use of the
interatom c force mcroscope (AFIVI) after the process falls within the
specific range; and processing the surface of the glass substrate based
upon the determ ned surface processing conciioti on. Fig. 1 i‘]s Da[}@@s?l[ﬁﬂﬂg
picture of a principal surface of a glass Substrate for a nagnetic

recordi ng medi um nmeasured the interatom c force mcroscope (A FN~ according
to this inventJleareby, the stakicCcdedAidritdhf RidtforR bEBaRIes Ner Jeway e of surface
roughness along a specific |leaner line on a surface illustrated in Fig. 1;
Fig. 3 is a bearing Althoaghf tlseicontacting gies seithl thestoragreetic headiig. 1; Fi g.
4 is a schematic crqoss sectjional view show ng a magnetic di sk according to
an exa-aapl e [reguced; & loadderi ,mﬁxgmtummeﬁi bespmestangegThis is aotonshi p
bet ween i mmersj ng tinge into dyofl,uosilic acid and Rmax; and Fig.6 is a
graph showi ng S?‘E?@P%?@Hﬁ?%h@@ﬁqr rA&CHES i na~e into hydrofluosilic

A s T ustrat e 1 R sepbedrebSaBHE (G BT IAGLE i e ARERIS, Al
magnetic | ayeloofprisss thBCES mletHH dnd?thie dodd!ixiidad (RELS 185 2 load)

successively forraed on a glass substrate | in a nmagnetic di

thi s enmbodi nenhetHod. BorexasplRy, theaukface foughnessisscontrelledowitldan the h
has conposition of 63.5 weight %of Si02, 14.2 weight % of A120!g, 10.4

wei ght / of Naamgesspecifiedrhy Reor= 0.720.6.nan,620d Ringht =B~0k8 ang)-Ravax/Re Fght

% of SbQQg) and. 0.1 .wejght [a of A.sZO3 ,and is processed to the di sk shape
havi ng outer cil%a”n%qlb‘?tt‘gét:%meﬂmﬂol e dianeter(20 nmd~ ) of a central

Sur faces- andchant cPRRERg pEheh Bl ¢ aitabd bolalhuRes B SRSRAIRT  oCoeq
the surfaces Qynithsliedsvithil @%dﬁ%%ﬁﬁga%ﬁqﬁgugm&, Wg face

roughness of the both principle ed by nm Rxnax

=14.1 nm Rmex8+410 axxland RBdx/Ra2=3~15 ih tRe hoad B.Aathlogd fMethod. 33 nm B. H.
(2.5)IRmax = 0.43, and B.~. (5.0)~,max_= o.sl. = ~ o a E c zooz_ The_seed
layer 2 is a Ni Al (NiAs3pentioned befogesRmax/Rarias parametenwixichsindicates

on form f oo et ben Ceaktt (mtofation) RELS iR amkNekttin gnot <
m . &0y P4

| ayer 2 sorvedoRRHARR IF R sibSHAE Sufled 't ) EOFRLR 1o HARINGQRBREET

A Ta, N A HithoNiobigatd Al wHichs 10t MetkM of T2yl bikod b

el enents are added i n addition to e N ot her "t han the above-nenti oned
Ni,AI,, ~,, which satisfiep/thiei bigh CSS dudabilityncharacteridticshya s€ledbingthe
94at % Mo: 6at/) filmhaving the filmthickness of 25 nm In the underlying
films, it is Ryedetermpined yange:f cr ence of crystal lattice distance of the

Taver 3 serves to | FTETLct: SORasieqtErn (56T oR 353 sufacf BF themARpety
other than ! heligouERNFEAY SHYRCASNANE NEISELNLA8 HOANE o Hrabbicklly o

preferable to match wth t attice distance o e I'a
the crystal gridghhplseetion (peek)cortespondife tol RaisowhighdhithecoRdehbue

characteristic also becones superior. 'In this event) the underlying |ayer 3
i s not restri qrefection(riak)dreightyeamongrihermmoughnessnan thestrhatratesinfade. ch
the same~ox the different |ayers are | amnated. For exanple, a rnulti-I|ayer

under I yi ng | ayk ¢oBroh rasio @m@s@buﬁg;y) qﬁrtb@rhi)ghgﬂm@mp@ﬁ\@sak%i%np! i fied.
e ST P ST R Pt Cho A et nil B )

durability characteristic.

Therefore, the ratio of B.H. /Rmax as the parameter, which
represents the ratio of the high projection (peaks) corresponding to

Rmax, becomes excessively important.



magnetic | ayer of the magnetic disk of this ixzvention is not particularly
restricted. Specifically, a magx~,etic thi_n.-film such as, ~o0akEc
zooz Copt, CoCr, CoN Cr, CoCxTa, CoPtCr, CoNi Pt, CoN CrPt, CoN CxTa, and
CoCr TaPt Nb, which contains Co as a main conponent, is exenplified as the
magnetic |layer 4. Alternatively, a nmulti-structure (for exa -
CoCrPt Ta/ CrMo/ CoCrPtTa), which is fornmed by dividing thexln'gggg@czoaag/er
with a non-magnetic $Ilm(for exanple, Cr, Mb) Cry to reduce the noise,
may be used as the magnetic |ayer 4. Further, the nagnetic |ayer 4 may be

granul ar having SUChGoshi bykfoldabnl AP thi PENERHASy, (N luBBure

FeCo, and CoNi Pt) are I'n a non-nagnetic m consi st1ng of

material, SUCbuﬁﬁ.ceflﬁdﬁﬁ%tK@b@driﬁ pitialof 50 Wiy’ défenéd lishtHpsfdrentRa~i ~al
or Si.~2, BN other than the above-nentioned Co based xaatexi.al. Mreover,
t he magnetic Sayfacedamdytheheight o the refeventialsuifacplimspecifiss] as the
vertical type, The pyotection layer,5 is a hydrogenation carbon (1i: 30at%
film having t hearingheight Herein: 1t isba be niote that tbeicontour suzfagsmenns

b ¢ e oror copatings Siugh 8 ReBRRSAdbE SR Nele Bje R PBpimente: oen
chove. tent | oned hy i o L RS AREoFHETBOb & o BlSt e 0,

| ubricant el nheafingsiatio of(2.5%% ik duiie ¥ BEI, (206) whildthd bbdiinp Rkiglss Of

1 am The lubricant | ayer 6 achieves resistance to abrasion. In addition,
fl uor ocar bon bfitle contour sivfadechavingmtles behrimg ratiolofisc 6 isdefided as
consisting of __alkali netal salt of sulfonic acid nay be used as the
material of tBeH.&Beant | ayer 6 other than the abovexnentioned

per 1 voropol veUher v Buf dusht aE ARk Bl SHERM ch bl E5hh
can e o Loty SRLENSEL Bk SRSHPARLIPAII b, OB Ue VorRalBLOX0BR

in the ~aaagnglis: OThEs id prefddaHle Becg{.xs@thwatﬂyﬁ;gghafgmﬁ%%maf of an

alum nosilieate glass was cut into a disc-shape having a di aneter of 66 mm

and a thi cknepsalifzed amd tiye highi C8Srdunibiliey chametesisti¢ igbbtminied: ned by

t he down draw nmet hod, The gl ass, substrate was_grouad by a relatively rough

di amond gr 7, ndst One Herein,descrintion sl bepeade nbors thedearingiratia andof 66

mm and the thickness of 1.6, mMm In this event, the gl ass substrate may be
cut into the g“%@%ﬁ%heﬁggﬁe same manner as the above frora the sheet

Pethod. A chem cal |y BEhFBRERGEsk EARS Sndieudh i METE MR L ARM 1 o

met hod. A chemically bove-nentT oned

al urai nosi | i cabggHNhB§S onltlfe ?i‘ﬁf@i?l?é Surfaet Hftheqslass atbstrtitecdbtaifedd
wei ght % of Si 02, 14.2 weight % of A1208, 10,4 wei ght % of Na20) 6.4 wei ght

| of LiZO az~dccoriling tphthisoiniverition weré meaginredbyfthebasspf the 0. 1 wei ght
% of As~03. Subsequently, the both principal surfaces of the gl ass
substrat e wer tkpratamip forceMISERREORE] ne having grains snaller than

EQZfZ,e 2 ZQE e sot PREUERS th ftiahe TGnBhages bl o ERSSEA RS 1l ot P |
bout 10 - m SRy HBHAREHTE, el B e e ©

portion of thillgktstedipsFi@at® by using a cylindrical grindstone. FurEher)
the outer side end surface was ground to a dianmeter of 65 mm Thereafter,

the outer and the i nNew, avhles it isassumedethdtatifeeprimcipal swrface afdhet gkasend

surface (the side surface and the chanfered portiop) of ,the glass substrate

had a surf aceSpbgtratess wmpletely flattened,the virpyalprinsipal suelgcadsst ep of
e end surf agg, JUPSEAUENS L el el RS ViR Cal SRS DESBY 10 U5
defined as the contour surface.
The contour surface, in which the distance from the virtual

principal surface falls within the predetermined range, cuts roughness




brush polishing by rotating the glass substrate so that the surface
roughness of the end surface portion (the angul ar poxtaon, the side surface
and the chanfered portion) of the glass substrate is set to about 1 ~c m by
R, max and to about 0.3 a mby Ra. The no~irror finishing i‘ltﬂp iEsCe%UUa%tive
for preventing a filmdefect wbach is caused by dusts which are attached to
the principal surface of the glass substrgie. In this event) the dusts axe.
gene~cally generated fromthe end surfacel f the glass substrate when the
gl ass substrate is transferred or ~rhen the gl ass substrate is cleaned. The
gl ass subst r ffyen ¥@ o8 Beir¥iphl WatRicedfithe $1a8sARMSerafIL i oned mirror
finishing step. (3) Lapping step: The | apping step was perfornmed for the

gl ass substrate to iApessentdigeernsiccof sabotadarea afohie eryudbpringipabg st ep
was carried out by using the known | apping apparatus., In this case) the

| appi ng st epswefacedan saxma oftamgasiofdhemutctresgisegtignal suatagecef the add #400 to

fueces'sr Tl el ShiE AR st S eneeely
and the surface roﬁﬁ'ﬁtégeé’ ?@%&g?tiﬁgﬁgﬁ%egf&%gsﬁg ﬁﬁwéﬁﬁg%o I@lppi ng
was carried W&%ﬁﬁeﬂ%ﬁé‘%ﬂ}ghﬁﬁrs% g@d.ﬁbhoais%ang«@%oﬁy%@e use of

al um na grains having a grarn degree o 4 in the condifion at the | oad

L was kept ajefeRential @urface d6the chbhtowrpitfade Iasving dasHBdabing Ratiaiiag t he

grain degree of the alumna grain into #1000. In this case, the surface
roughn. ESs ( épecifiedsas the bearimglieights m Subsequently, the gl ass substrate
was successively imrersed in washing units of natural detergent and water

to be washed after lmbhisgyamd, theabavesmentimmadbearing ratagds ppttes iny

ot ofd 0 408 DR BT RARE e 08 40SeH e i o 1.
sbove.ren | opgd ch NP GuPEASE amSPPALIAS Baskind Ul B p1SHRY e T

‘the first pokbptitabayi: Tieiscalltduasthe baari bawég pol i shing condi tion.
f 1.3 L~

Pol i shing liquid: oxide cerium(grain size o . m (free abrasive

gxai u~a.) + water UmHBigss-tiObgaring ¢urve eiBthakghrfachiromighnassme: 300

m nut es Renoy|ng anoynt: _35-45 ~t m Revol:l_gti qQn of | ower surfgce plate: 40
rpxn Revol it e te%;;arFxﬁdrlfr@c untgated. Heyein, R coNEOWRR SUrIaqe, SYhict . | 4

bei ng. succest oty Rifs 4§t huving Mo SinB ie i F B% T PiRE AR AR,

detergent, p , wat er, |PA (isopropyl alcohol), 1PA (vapor
dryi ng) afte?éftéﬁéﬁg%vsﬁg%ﬁ'shi ng step. I3erein, supersonic wave was

appl i ed to each wasFunthetpithe Hearimg hetgletbavire the dearing rapicof 2)5 be
omtted if a pqlishing Li d in the subsequent second polishing step is

the same as ihdefinedas BH. (2.8) while therbearing heighs havingdhs heariag | r ot

Col coted i RHERIGRO,Adsclrine st B Blghness and ohd porti on shape of

the substrate as thf)?}?ﬁ{sg@ése( %dhéﬂg' ?@5”%33%%%?@9‘%&'@11%%&%0 (k~i nal

polishing step): Ne a secdn_ polt's g ‘Was con y changimg the
above nenti opgtwieah®.204né 05 or B H a(5:0)/RokX% £all6 withan the el BetWwEedsi ng
the polishing apparatus used in the tirst polishing step. The polishing
condi tion i s0sl andad.45) it basfbeet fouohd st kg reabizectorther low fiyinigheight
l'iquid of oxide cerium.(grain size of 8 a m ($cee abrasive grain) +

wat er) the |M@?twmmh§gbﬁ§8dmab3§mqhwqtﬁn@m 9- 1ﬁ i Inut es and the
i 6 . cc xza T

Lﬁggtv'rg?eagﬁij i ned heﬂﬁ@é%ﬁ)ﬁﬁf;ﬁém%%g@@ynl A ratE I he use o
i i i . ~ . 0.3

bt | 6 Rt PRECSfS LA GRS iiop) HRBARIHTHS Heighttn UB8 Heliihe © .\

POl i sher useqalfe Wil §R6 MRS BrofbcHoPhbTEHIO brkPAL Y RlbYes HAthithieed.

In this event, it is desirable to use polisher having refatively smal

har dness to fpeojectiqi demsjtyon formed via the subsequent surface processing
step to au, i~sla~ad shape. Herein, the hardness (askex C) of the polisher
may preferably be 60 or |ess, and nore




34 ~ 0 DE C 2002 pre~exably) 50 or less. (6) Surface processing step
(Washing step): The glass substrate was successively imersed in each
processi ng (washing) wait of hydrofluosilic acid (concentration: 0.35%
tenperature: 45 C, imrersing tine: 150 sec)) hydrofluosilic ciol5
(concentration: 0.28/) tenperature: 45 ~) irapaersing tine:T%b&) EbZUQ@ be
processed (washed) the surface therein aft the eecvnd polishing step. In .
this case, a supersonic wave was applied to each of the processing
(washing) units. The gl ass substrate was washed by bei ng successively

di pped in each washi Thelifivien@brd Alavedoudd 6688 ) rdiile ofdl eariebrbg Wat er)
“1PA (i sopxopyl ~ al cohol), I PA (vapor drying) after the above surface
processi ng st expeFimeaita thattheswmie ofdhe Bd. Amaxeih the baabing satiogofini t

f | PA i i he ~A dryi (T~
Chom cal T i noht ABd(andlarel teater it fn Qo8 cepebiie and the ntakiea
i nf i hepl. cal , st henj t d f t I
Substr at e of t EPOLHEeYH ATl NAgielsy WheB R GPhirptand A FEh ng)
dth hi I Fi ] { p1ag S al
o epared by xiroitkBrdHS ERERERE0L HepesfielytHe Mo RRdHUER T e
The chenmi cal RgidHdInE AdntPbhsd® andofied S diPallityGs IBhRradass substrate

whi ch was washed and preheated to 300 C was di pped”in the chem cal

reinforcing salt forFarbherswhéhehe BiHc@.5)/RmharamdB.H.(5.0¥Roeaxri ed out

in a holder so that the entire surface of the glass substrate was

chemical | y r eiexicoede ®.hianid 0.48, nespectively, thecoefitient of fictiomeneeeds 3t he
end sux~ace in.the hol der. ~ 0 OFC 202 35 Under this circunstances)
lithiumions 3@%&%?#?131’]&& a surface layer of the glass substrate

e L ePl e by O €03 e Shh R VBRI B B 68 o o0 B 0
Thus, the gl aﬁ*’%‘fﬁ@t@a”@%yerﬂg‘?%'% FeToPENISE Burfice0 MHEweves, Biisess

J,ayer fornmed 1n the sdr the gl ass substrate had a thi ckness

of about 100 tdefiitds the refdyentialtserfateof thé bearmgheiglst) ayidithe walnoraft e
was dipped in a water tax~.k of 20 "~, quickly cooled and retained, for 10
mnutes. (8) therrhjtrampbesximgsratiointhethparingcoaveg mey haadopted agihe
di pped in a sul furic,acid ﬁeated up to 40 © and was washed in the

condi tion thatref?ﬁ? $ €- wave was applied. The surface of the glass

substrate obtained t i ! was
detected. In this evgh%,v&?%é @ﬁ?ﬁ&%lﬁeoﬂégﬁﬁgﬁé?%?’p@ﬁﬁ%%% ace of
the glass subyjdcaedtHefefePEntindariaelisod eéntd tiidasd batween thasislatddby
the use of the interatom c force mcroscope (AF1V1). As a result) when Rmax
was 1.3 nm) $dpeakspandithe contave pogtibh indthesrarghmesmon Bhe priscipalas
4.33 nn) Rmax/Ra was 10.8) B.H (2.6)/R max was 0.48 and B.H (5.0)/R, max
was 0.31. In tsvrfaceoftheglass substeatpi ative of the center-1ine nean

roughness (defined in,Japanese | ndustsial +Standajd. 31,S 1 i | X is
de~.n.ed as a naxi mﬁ‘ﬂ‘g Sﬁtt%ee‘ﬁ ﬂf{éﬁ? pgagrn%ﬁa*gﬂl}te@%ﬁ.g lég%éﬁdgga

hi ghest poi nt OV~ y i j f@pﬁgﬁﬁ{ 26bis LN ard
JI'S $0601). Fl}?{ﬁﬂ%@#@&%&%@?@é@ 1\lf\g(sgb/?rade algsut the s P% ace 'sltqgtﬁ%d?; i;}]tiﬁe
princi pal  surfdgsiey rabid of ﬁféiauhat@@hk?,awméhm fHeheight éoxrespondingp
36 and the surface state of the principal surface of the glass substrate
after the wasHionthes rgxinmyumhsurfaesio tdat gontactswwith the - magaeticat

i sl ands (peaks) were formed at a_portion, of _a trga

in the final d@ﬂad;hnrtbeswsesm@rt&r%aﬁﬁnthpmt@%Mgﬁ%\ﬁ' ?I,a‘ "
o el ey boon o R S it .
onat dai uag. oeaiutest &0F thERaRnRticAigkokhe tiw dRsthcisht, AT RAIGh RRSEER] |1

the fee abrasi i ﬂ;gy I qrent of the gl ass
substrate 1) (}%‘%o}g@s;g‘uggna égghl%(ﬁ/eé:r% g; gg%g;ﬂiéﬁrgn of an the underlying
layer 3, . deposi Li offn0fableTRoRglugalioy of (fovahssgneritidioks ovhite had the
protection | ayer 5 were successively carried out for the above-nentioned

gl ass subst r atpreddterntinedndemsity of ¢helistand freaks) measheed hyuthe mseiofe

sputtering apparatus. The in-line type sputtering, apparatuys, (npt, sh has
a durst chanbdhe AEN, srere mmét-ﬁm@ﬁh¢§%b%§2&,ﬁeés%@ er
in which a NNAl target (N: bO at %9 A: 50 at /), a &M target (Cr:
94at% Mod: 6 at% and a CoCrPtTa target (Co: 76at% C: 1?at% Pt:. Sat%
Ta: 3at% are successively arranged, a third chanber in which a carbon
target is arranged) along the noving direction. Wth such a structure) the
gl ass substrate 1 was introduced into the first chanber via a | ead | uck
chanber. The gl ass substrate was successively transferred into the
respective chanbers by a desired carrier apparatus at a constant rate to

o T s o o r a NN ™ N NSNS OO RN




10 D E C ~00~ Table 2 '

G ai nCoef fi - Dl anet er Et chi ngTot al RraxRaRmaxB. H. B. H. dent G i deCSSof
FreeTi meTi me/ Ra( 2. 5) (5. D) of Mei ght Dur a- Remar ksAbr asi ve~21*2/ Rmax/ Rmaxfricti o
nbi lityG al n(nnm) (nm Exanpl e10. 815020035014. 11. 310. 80, 430, 310. 60, 7C20. 810010
02005.50.511.00.380.302.90.3CBO.81501102608.20.99.10.450.3Pg.g@%§€%@0@20012
032010.7128.90.420.291.80.6C511001002008.€8.95.80.490.442.4 : 1501803301
1.21. 38.60.490. 45t . 80.607120018038012. 91.°111. 70. 400. 271. 80. 6C81. 41001002001
0.4110. 40. 450. 312.t0. 5091. 416017032012, 71. 49, 10. 500. 371. 60. 60101. 419Q190380

14: 41. 69. 60. 49, 880,40, FHALAIMA20B2M A0 ikl BOB420: BRD dBAOCH0ARLE] 0100200
10. 60. 911. 80. 400. 262. 10. 601331301302B013. 11. 210.90. 434. 2AL. . 16032

015. 41. b10. 3dizsK C 3Her? th8 @LB WAL SHbd HitBD Aith Fom thedddhibt, 1268 &F the20120
2405.10.225.50.120.112.90.3C&723Q03006QQ23.80.734.00.140,12t
. 21. 20Conpar aurface roughness. In this condition, B.H/Rmax was calculated when

Exanpl el' hal |y13350350700( 11. 1) (1..2) 9. 33, 22. 5XS . Ra23280280660
25??2. ?9. 38. ‘5%9%?@6‘%8 .rééif% %’aﬁi)é?ﬁﬁa)q‘g%%, 0-2)é°o,e£ll\5/§/oeiséjlg RZ)%% 2

51100501 s0RS BRGNS TRBIS L bidsenps sy PAleslatesb emlis. 41 14 00, 520, 463

. 10. 3xi s | owRmaX, Ra60.34040802.80.128.@%@%&8.093.40,3Xare
| owRmax/ Ra70. 326026062024. 80. 641. 30. 090. .91. 2Xi s
hi ghgr ai n80.'21001202206. 80. 322. 70. 170. t 32. 80. 4xdi ameteri s

smal | gr ai n94200p6046p26——+—326r-o0—220~—+p72—81 DEC
~nn2 In this cape, t[BHQO26%)v(B.H.60:-26%) waB.HRE¥ r eB.Hb(5.0%)e |BH.@5%) he
| ~n. own vibratipn sajfReax ype PReHart OnefRmal a matm  e{yRmarl appl yi ng

magxa. etic fi el p—of—f—6—KSe—bycuttiny —-St-e—H+-em-the
manuf act ured nafRisk A¢ di@64and ap®SBi ng [t heOARgne] i c 038l d|in ONE fillm
surface directi. re . TNe regoralTep ucel caraetentsti.c (SN

xati 0) was neas ‘*é'ﬂ QS %giows. Y, the&ggt ai ed%l'l!b gnetli ¢ 81°§k ahd t he
MR (rmagneto res i Me ty hepd Ingitheyhiying heyght df 0,Q39 ~]m wexe
used: In this eI/)j\gn'“"S thp'é—?'gzr‘nr /r«r;'rrb?-réqmdurp Il '2'am‘Erj?f|r L &Pigga

recordi ng densi [Djistob| X63pkgcl (|| pxy ecq)rdimggdenlsi tyyqaf 1643, 09@1bit$ per 1
i nch) was neasu Hh—the—ecordor—that—a—tehatHre—+ate—betweer—thed MR
head and the nagaetic disk was set to 9.6 rnls. Further, nedi um noise

during recordi ng/reﬁr oduci ng signals was neasured by the use of the known
spectrum anal yzer tB-BaRmexia Tablesl melatively renresentsthe resiaofithearri er

MR head. i, SRk tiradte) Hawven svashhe bRt s catie Whe et thp 020t bid
wi dth of 3. 1()525‘%%% aﬁoﬂgmﬁbf%hgﬁgk%pt SNk B Qhé%ﬁigk?@ﬂ ﬂﬁ@ at
es. SsticC 1 t he

witelread si Furt her, i on between e magnetic di sk and

magneti ¢ headisk € aohstbe Hathiralljes«tishell pabpbitionaEtd thé dedsisgnef theusand
with the rotating rate of the ~anagnetic di sk of 4000 rEm using 30 / slidex

of 3g | oad i islandss(pealks)oHawever the valpe of BiHe/Baxax bEthe diskC st ure.
havi ng & he hPQRORSS IATEs sambariso with the diskeA ot the Sigk B 40 1 0 DEC
2nd the magneti ¢ neliA€ bEEELES ERE1hed ot the ThmReR DY IR LIAGARENCL 1 S
the AE sensof TOIHOHS (dka), WlACH S notRilate it theSgidY e At b e, o
t he head andis bent@itiedmiych,sinbe thedsearing rativuiandorsidefed ad thei nch. That

is, the glide height of this disk was 7..0 !~ inch, Fromthe

above- nent i omelatively smalhvalue, onavuely rasdorly excesgivealysmallwegioniof thie de
hei ght of 1.2 .a ipch or, less, apd the, aoaagnetic, di sk satisfigd the hjgh

el ectro- rragné%liaéwf%&mlsa)o afore: i iRt preterah 1 Paiceasejbeeanse 2’93
characteristic arative Ex l e X) The . neti ¢ di sk was manuf actured
in the sa~oa5a§%?)g?ﬁﬁgrmgasm¥%@%§g§p‘fa@ %%g’(?é'g'?g?ﬁ%%&t he gl ass subst xate was
manuf act ured by chagg Sy ot i S, AGESSi Ng
Fime due to hydr ol | \onef tbeCheeling Yetfh £3614, (E AARE SMBMASES TS
substrate wassla\rﬁlmgs@:d)watmbe jdentifidd) Howalby, i8 i€ Dot Avstrdisiebdcavidee
static coe~.cient of friction, the glide height (u inch%!jﬂ and the CSS
durability chheaange of BollarBmaybetweendhercipeictive disks ismmabati ve
exanple 1. Ix~ this case, the evaluation of the neasured thally step was
carried out under the condition of scanning distance (250 .u m) and stylus
pressure of 7 ng. Wien the surface of the glass substxate for the nmagnetic
di sk was evaluated by the thally step as the conparative exanple (although
the surface falls within the range speci.~ed by this invention), the glide
hei ght was 2 ~ inch or nore and vari ati on becane |arge. This reason is

o r 1 N a NN ™ N NSNS O B B o
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Consequently, the magnetic head is stuck to the magnetic di sk because the
surface becane the mrror surface state. In conparative exanple 2, the
surface roughness Rmax of the princi-pal surface of the glass substrate
exceeds 26.0 nm Thereby, the glide height exceeded 1.2 a m xn the

conpar ative exanple 6, the surface roughness R a of the p |01@E@ 2002 ace
of the glass substrate is not exceeding QL% nm Thereby, the coe~cieat of
frictson was 3 or nore. Consequently, the“head crash occurred. In the
conparative exanple 3, the surface roughness Ra of the principal surface of

the glass substrat glex Q%%Qn%ln'iic{sﬁad R\ﬁ:lﬂe@&re bitefly edpldizicdhs %Il.lﬁ%?d 1.2

L~ m In the conparative exanple 6, Rmaxl Ra was not™ exceedi ng 8.
consequence, ahddhecticond Rnterntiof rami the thid hvention depepsl apoasthdse t he
head crush occurred. Farther) B.H (2.b)IRmax and B.H "' (5.0)/R nax

exceeded 0. 5reswWt®. 46, respectively In the cono~, parative exanple 7 and the

conparative exanpl e_.8 x|l Ra exceeded 20. Thereby, ,the durapi J.i.ty

was’ Loner od and ¢t hdIhTRF DFATREEENS GHIAEERE P)roaahnqsg%)s@h@ﬁa sirabes. H

(5.0) I Rmax g naf:. € i . 1yh IV, the grain

G ameter of raster Rl 3514 B deferel il TR Ak o RsBhA fr the

_Consequent | Yjed 48 ridtidfih¥d VB tHF%Eg‘?ﬁdfiﬁgéﬁﬁ%ﬁ %ﬁ@ tﬁ%rﬁctﬁfg roughness
['n e the

becanme smal | . he conparative exanp grain dianmeter of the free

abrasi ve gr anventiedtite depth HaviGgndrobenting rdtie of 60%id selpeted actited
1.2 | ~ m because the surface roughness becane | arge. 4 310DEC 2002
From t he aboteferemté.oned result, it k~as been confirmed that the surface

roughness of the gl supstrate of the netic.disk falls_wthin the
range gpeci ~ed by t(ﬁfi‘h% earmgratia Wl&ﬁfﬁ%’g?’, soithad the sppaficmarameter

oue- v ne PRt AR B, RAB Bu w Bl
Clying hei o peltgRElExtact derifintiiod Rdriaie SodiindpbRgHAAY W L1 (he
el ect r o- magnigidieatestles eharactuaistit eeqaired fondhiehd apneibicC@izklor shelstaye

characteristic. '~ppyimzation ofthe Hvdrofl LOs' LC acid ~oneentratien

L e N R P et S
hydr of uosi | ié%’fﬁ‘&eﬂfﬁgé%bﬁmeﬁ#@ilw' ?%@553{?3' tha v ?%ﬁ-&fé@&%}fguedto
s an exar apl o 1, A0ah Sebdid 8entBanR ke LA Eb G0N ho W™

respective casgsvalllis (2&5%35@0%999 RBRste KT tHat The Fite(dfheéidandsn. axl Ra

of the principal surface of the'glass substrate, the static coe~cient of
friction, th@esikis)ornthedubstratepswsace én the chrbéspcnding rélasionship, 100 of

t he magnetic disks were

C [ repared for each magnetic disk n ct ured, under
each condi t i with she gltd%ﬂersbwb@dc%fgmea@fgfnmmfaw ﬁggrfgééhimbm

lide head. U hi.s gir.cunst he,;hi t tig di sk det erni ned
s a def oct | 96 B SHRIRCERFIERE TadtiEed FEY the mARRrae digk SR RS BEERISRIE for co

and the Sl N{%@%E _the magnetic disk were neasured in the exanples 1.821
and the 44 2002 Table 3 Concen- tration of i st processl st

Et chi ng Tf meConcen-(8) "Fhé eange of' B 1D RxaaxawHich satisfies the characteristic

required for the magnetic disk is determined for the bearing ratio

selected by the above-mentioned (2).

In the second invention and the third invention, the glide
height is 1.2 £ inch. or less, the coefficient of friction is 3 or less ,and
B.H. (2.5) /Rmax which satisfies the excellent CSS durability falls
within the range between 0.1 and 0.5 or B.H. (5.0) /Rmax falls within
the range between 0.1 and 0.45.



Etching TimeRmax (nmRa (nm Rmax /RaCoeffi-"'cient of friction@ide Yield
(9L)

Remar ksExanpl e10. 3b1500. 3020014. 11. 310. 80. 696180. 602000. 1520012. 41, 111. 31. 4
911

51.00601.006011.61.48.30.988202,90251.002512.01.68.00.8762%%Lg£égg aﬁ§013.b
t .49.60. 883Conparati ve Exanpl e100. 42000. 142007. 60. 5513. 83! 2 ate
tion is | owl13.22022012. 41. 58. 31. 638concer hPa- tion is

hi gi ~12D. 1430024011. 60. 814. 61. 943o0oncentra- tion Is | ow conparative

examl es 1012, |n CONYQQUENGE clRrERCIA s BLARROUILNEn Sh AR ©

2200 ~e or nore and 1 nore, respectively, aad were exce ues.

I'n the conpar e/ ethadrdfeconitrol ng thb st dd yo@éhﬁé@é‘id‘ﬁsé‘ﬁﬁhﬁﬁttﬁ@ or at ed
e

and variation of the surface roughness becane | arge because t
hydr of | uosi | i cnagntiodisknin shich i¢is eedessayOtdstrgttly onteslsempientface t he
magneti c di sk coul.d not be manufactured with superior reproduction. rn the

conpar ati ve exxgughnass ofthe gubstratetg achieve further Aping beightipfithe because

the hydrotluogilic acigd cgncentrati on was not exceeding 0.15 weight % In
consequence) ?‘ﬁ'@@?%?"a aaoughness of the principal surface of the glass

Shoret o CIoetne: comAridbding 16 kRS FopBii idvin iR Phé GHITB Rt elass
concentrati on dybdth8té cbataiticsERndtaIkAB mRESE6RIdWald alkali &®itIhbxide,

proper roughness coul d be obtained by enhancing the concentration in ~0

D E C 2002 t heamdwontent of ¢hs alkalicomrth dideisriottéxveedisg [3unpd %nThiereby,
yield was | ow. Fromthe above-nentioned result) the surface roughness can

be control | ed the desired %mfacacqughnses mmtilg?edénm}mﬁrtw;mu ghhﬁl

! . T3 0 e %
Srabr e ragner SgeboRh R B ke bt she Wl i BERARE 1 ne
Qonver ot on chairofdsit atid pRoseWRRY Wi TE dofertb@l1atet | O o0y ¢

.im~gtion ef surfac “‘dﬁt% dnivenbich, theS ariedicld X Whiddis
(Exanple 1, exanpl es%ézﬂ%% C trrgglrigﬁf\'/;g ezg#pl ed 1%N1Ca:) Th%a rras‘gunetic d}sk

was nanuf act ursstorded Hevrittem) armbrepratuced (ead) withlthelghde dieighbaf 1.2¢:
surface roughness of the glass substrate after the final polishing step was

var i albl e by cﬁamlbi onylesss ipulsgdhmhgrebmﬁhd eﬂeeﬂ%semangdﬂnrﬁxphhgbn
, . 2227 ' .187-1b. |
?éigﬁcfi ve fg&c;»”ﬁ ?réﬂséep%téf?yeaéfﬁr'i&sgﬁi@s” hOR AT R 2. (nm axed
R v oB St . _ .
coef f1cient of t frict :‘g?cf’l"%?ﬁ‘ééﬁFggeﬁ%%%w?'gég.ﬁﬁS‘ﬁ?g&%‘g‘t{%&g@ﬁiasgu lity

are repr esent ofbrhiod 88l theprikipdl Susiee ofthe ARV nntionsd glass he S/ I -

ratio of the nmagnetic disk were nmeasured in the exanple 1, the exanples
222? and t he coubstrateyv€onsegnéntlyltié magneticdisk satisfiastthehigl ielectiror ce

and the SINratio were 2200 Qe or nore and 1.8 dB or, espectively,
and were superm%%Dv¢ﬁ19n@h%#ﬁﬁﬁ%@‘i19m%&gﬁgswﬁxe
roughness of ”ﬁaxprétncjs%al surface of the glass substrate after the final
pol i shing st eptRaractensuc.

According to the seventh invention, the glass member, in
which, Ra falls within the range between 0.1 and 1.0 nm when the
surface roughness of the principal surface is measured by AFM, is
prepared. The surface roughness of at least the principal surface of
the glass member is chemically surface-processed so that Ra falls
within the range between 0.2 and 2.5 nm, Rmax falls within the
range between 3 and 25 nm, and Rmax/Ra falls within the range

between 3 and 35.



1 0DEC 2002 46 Table 4 Rmax(nm before processi ngRa(nm before

processi ngRmax (nmRa (nm Rmax /RaCoefF-- olent of frictiondide

Mei ght CSS Dura- bility

Remar ksexanpl e13. 80. 314. 11. 310. 80. 60. 70221, 10. 15. 90. 319. 72. 80. 3236. 60. 516.

81.511.21.10.802411. 20.617. 21. 89, 60. 90. 9O2613. 50. 521. 411762{3]@7(;%0?72619-80
.623.42.111. 10. 21. 2Q2716. 211 4. 81. 97. 80. 90 ;CCOnparatlve

Exanple130 90. 093. 20. 48. 03. 10. 3CRmax, Ra e tow1451217. 62. $6. 30. 50. 9xRa is
hi gh16221. 829. 03. 46. 50. 41. 50Rmax, Ra are hi gh was not exceeding x.0 nm by

Amax, and not exceeQihrgeBylthel @l@s/s Sabstrate seind haghésic divkhadsghvas

smal | after the hydrofluosilic acid process and the coe~. ci ent of friction
exceeded 3. lsatisfeectheohighi@8Scargbility,caxt be stablynmeanafagtoeed. of t he
princi pal surface of the_glass substrate after the final polishing ste
exceeded 1.0 nna byAnﬁordlMs‘&]ﬁhmeug th mszaouutb@glawmmbe@vm sthichand

LZiaRSaS.E;Eﬁi?%?aﬁs” a"“tﬁ%@fe S RpRpon b Bnl 1.6 et Sraen the swaieBhr v
1.2 I~ i

sbove- ngﬂfgo%ga@?l&%fﬁf pEHRIRAL fuiThol e np fedfed by 3 E#f?\ﬂel% nally
aur face oughieparsi R *rl@ﬁﬁg&‘?‘éﬁ%t SUrPRe e ERAS MendBOr s "0 The
predet er ni negroodgdstbthe surfade Dylihsxiﬂéw&hfdwaﬂmé:hbfmdagnetlc di sk has

the glide height of 1.2 ~ inch or less and satisfies the hig

el ect xo- xnagn. eti ¢ dherebysthmglase substrate for Mmmemgldmk.svduchbl lity
e manf act ekisties the bigh CES HRrahiity. & Re stk rAnu hetipeds (The { ho
quart ZSSFZEE%M%?%S}'%K@&# S of i eiats BRI Rarhad Enfl AiRatE BB ot | ve
o eet subiel ; ARSE b%ecita i HeeERAYdUAedy (RE0103.0 o] UrldPChanfilal [0o¢
condi ti on dugnhteriad for proééssifgithe amfdcmasﬁbe seldcted tontdrsd.

hydrofluosilic acid in order to stably manufacture the glass substrate

for the magnetic disk wh’ich satisfies the high CSS durability.

Inventors have found out that the surface roughness of the

glass substrate before the surface process gives large effect for the
height distribution (variation) of the islands (peaks) on the substrate
surface which is finally obtained to stably manufacture the glass
substrate for the magnetic disk of this invention which is reciujred to
be controlled the surface roughness with high accuracy.

Inventors have enthusiastically researched this case. As a
result, it is preferable that the surface of the glass substrate before
the surface process is in the mirror state. Specifically, it is found out
that Ra falls within the range between 0.1 and 1.0 nm, more
preferably, that Ra falls within the range between 0.1 and 1.0 nm,
and the Rmax falls within the range between 1 and 20 nm.

Further, the hydrofluosilic acid used during processing the

surface of the glass substrate of the this invention has weak etching



In this case, the alumnisilicate glass used in the abovenenti oned exanpl e
28 had conposition of 64.0 weight %of Si02, 16.0 weight % of A1208, 9.0

wei ght / of Na20) 7.0 weight % of Li20 and 4.0 weight %of Zr02 . On the

ot her hand, the solaline glass used in the above nentioned exanple 17 had
conposition of 72.6 weight ~Yo of Si02, 16.0 wei ght % of Y ¢ ight %
of A1208, 9.0 weight | of CaQ, and 2.6 weil®t / of MO Wiﬂggsaﬁp?et he )
surface roughness was 1..2 o.xn. by Ra and was 11.0 nmby Rmax i _n. the

exanple 28. Further, th oefficient of frigti sm1.9 and,th S

Gurabi ity waloiecsley bR Tafelas ePmndred e RrdEonuoemad siufina
conparative e e . / : I . o rq i:t.h the
above exanpl eéﬂ%@. éoé%%é?gfha onﬁl%tr#nég&s a%(ll' gbg%%ﬁ%ﬂel{nl}ﬁ%@% Idl @?ﬁgwl\%’vas 3
or nore and tgnyEAtionlly astliascthd Stdiihgeg@id.ai ned in the CSS durability
characteristic. ~ 00 ~ c Q02 Herein, exaimnation has been nade about a
reason regardi ng di f Censaqaenbly itinpuesible toprédisélyt bontrod thetsuofaces
formed, in dependency upon the kind of the glass (glass type, glass

coi uposi t i on) ronghness. Blicafluonie acid (HbeBSrtertvpmdlv used@scthed t he

conparative e a:&l 1§l,iand' 7. It is assuned that an exchange reaction
occurs bet weeR¥idro $1889-n the water and alkali ion (Na+, Li*)

contained in the gl i 4:Shi fhee V€ grain
of the glass substr 2?@"5@%‘?8%‘%%@@ P@’?@ﬁ%ﬂé@*’% g%%{iﬁg n‘?&a@%ra% “on

| ayer was for r ghifmi ydrodRR 4 1,

whi ch forns aqﬁgstirvgfr!}(lbg? {egg, gl ass ébeaiﬁ’]? exchang%ékgg:;??gﬁg %ld?)sran?ssuned
~that the di st comthiescially abailabie wiitingimuberib) (istwel waykeing\eraterigkd in
accordance with the stress distribution a‘%EI i ed b%wt he free abrasive grain
in the hydrat sunfactantdaikali voashingsmaterialhwithi dupoiityincgrdamte t he

etching rate. rein, . it j§.to pe nRote at the etching rate is small at a
portiwn havi n&%@@@?@ 1R& v@#ﬁ&é@ﬁ% rate is large at a portion
*having a small stres for ' AT .2l af with

t he roughness (proj eg\t"lrglggﬁ tglﬁg?{adgggﬁgén[&%g%ﬂﬁgﬁ%iwﬁ'gées%"_ﬁ ﬁgqﬁi nd of
the gl ass (9l asgidlyfdetethinRedoii@apohdendy upopsesitdtrition gt i on wil |
be nmade about the gl ass conpositioh for foormng the island (peak) by the
manuf act ur i ng hyerofihiosilic adid)ginmerbing time ihtethe Eydrofkiosikic akid)l ass

material s having different conposition ratios illustrated in Table b were
pr epar ed, andtthPQﬁa&ySedttbﬂbY@mﬂlm%hﬂMactured in the sanme manner as

t he exanple 1. 49 1.0 D 20Q2. Tahl.e . . - .
Si 02A( 203Na20My0Ca02 s hyddl Sesife nad s Jarmeddy dissolving the silicofluoric

A(g3.5) (14. 1) (G . _ v
B§ 84. og § 12. 6% E“g"%}“%“}g wé%t%g g%‘?osc%%?g%%éﬂgg%%%%%é%ﬁc Fsigdpdicates
C(g4. 6) (11. 0) ¢helorlctBtfafion An(WhidK €hé siBéoffRofitadidisdissdlved. iAles s
D(65. 2. ~(9. 6) (6, 2) (10. 7) (1. 0) (1. 4) C6. 1 ) 63. 57. 612. 610. 40. 50. 63. 02, 0G ass
E(gl, 7) (12. 6) @eat®r{ 10. 4) (0. 3) (0. 6) (g. 0) (2, 6) 63. 66. 612. 6t

0.41.01. 03. 02. 04l 62.2)(11.0) (6.1 N

) (10. 6) (0. 7) (0. 9) ?Z?@‘i&@&z@%&%db&ﬁe@mw@e ofsthe hydrofluosilic

o Sas hubst ) aesid vt Wt etbitig tote Che P o5iif renbl il he i Bineds,
h I b I (AN i Wi d
(e, 925 SUb34EaS Bl HE kol Wi s KRN Ha ReBR Vo0

been confir megyithaghe\BBtainkd hafdensstrahd ahe mmba'smﬁne%ﬂﬁﬁ%tegw surface

roughness indicated in the above exanple did not become remarkabl e and the
i sland (peak) was nofThesegirogesi®conditions bf the dydrofhmsbic acidineaindynt ai ns

the alkali earth oxide_ (MO, 0) of xaol ./ or re (1.6 [/ ~qr nore)
inthe total &8 ,ﬁeénwth%?‘ ﬁB%N@e?O BeTH Rmaxeégﬁ@ﬁ@an%?m?%%t when
the gl ass substrate co 251 02 sthe surface rou ated in the

) | o ney
above exanpl e X8 s%ﬁﬂribﬁ‘é%eﬁ&srﬁ%ﬁa tﬁﬁeco&cle%qga? %ﬂi'fl}%i\%as Got

(V0 La0) o SISO EEA I HERE (o ShnfiBls RimbiRA R 17 el
2002 content . HyORUSEbAEIRSLbages difbthé tohipdasubeel theliythwluddili

the gl ass conposition for formng i sland (peak) by the manufacturing
met hod of this invention preferably contains the alkali earth oxide of not
exceeding 3 nol % (not exceeding 2,4 w % in the total content and
contains the al kali nmetal oxide which forns the hydration |ayer by the
polishing step. Mdre preferably) the total content of the alkali earth

oxi de is not exceeding 2 nol % (not exceeding |.-6 ~avt /). Therefore) it is
confirmed that the glass used in the manufacturing nmethod according to this
i nvention satisfies the above~nex~tioned condition and may contain 6876

n7s7 _r ~ NN NN n7s7 _r RN A 5NN ~ A~ Y




Nay O as main conponents in the conposition ratio and preferably does not
contains alkali earth netal (oxide). rn particular, the alunninosilicate
gl ass specified in the claim13 is desirable in the above-nentioned
pol i shing condition and the surface processing condition due to the
hydxof l uosilic acid. However, the magnetic di sk had the glide height of
1..2 !~ inch or less and satisfied the highl®lectro-nmagnet gcﬂc@ﬁ@?ﬂ%
characteristic and the high CSS durability characteristic by setting e
condition of tggﬁdsi;’ﬁ'ﬁ e, [ oughness speci.~.ed in the clainms 1~3 and by
sel ecting the pollshi condition and the surface processing condition in

tha gl ass substrate OfRgmroBags Eéﬁdftﬁc?ﬁ%ﬁﬁé%ibfo%gﬁdeﬁtid}?ecﬁhgirqgﬁgl%jsﬂic

Further, although the gl ass substrate 1s excessively snoot oes not
have the surf ageid ughitably sdastddBased uponcili reugdiitesd beth@fsrgelect as
this invention can be obtained by formng fine 1 0DEC ~~0~ projections
on the princi psiurfaceiroughieashdgwayer, sths preferablalfiom sentérollabilityeof the
surface roughness, specified in_the cla~. ns 1. ment i gned beforgeg,

N3, As

expl anat i on nefWrircE Eoughnessthatthe immersing §imeringte she hydrafluesilicrreid
of the glass s tr . f the etic cor di medi or, obtai ning the
desi redggl i de @%ﬂﬁ%ﬁ%ﬁ%&éﬁgﬁﬁw@nﬁ &H‘fbﬁa %?ﬁc#ﬁ&ﬁ‘ééﬁ%?éﬁ%%?g
Her ei nafter, emﬂh?qrb ' j t i
condition (polishihg a rﬁ%ﬁ%ﬁ@?@%ﬁ%gﬁkﬁrﬂw&%% ﬁ?&éﬁ' A
concentration of the Aysirdihpas theendetitinvditionthesila@simetbeéy Befdi@ the
hydrol l uosilic acid, and the tenperature of the hydrofl,uosilic acid) give
for the surfacabovegrfsce ptotess iglpolislmdat latst thenprincip aneuiface byt thee

made about a nethod of caontrolli n%nt he surface roughness paraneter. Figs. 5

and 6 are gL apﬁﬁi@ﬁ!‘tlbﬁ P@lﬁﬁml_?ld& Eiaalaomfimﬁht&eo&ea@brh I asiee ﬁm bhiﬁgng
tinme into the r Ol uosi.l i o] nd the rel ationshi et ween

t he i mersi ng #‘HQ e?ﬁ’éﬁﬁgwpﬁpf@gﬁagﬁﬁﬁland Ra when t he ISrai n.

di aneter of the abrag | MNy: i ) . ,
cloncent rati on and thﬂ%%&?ﬁ%%ﬂ%ﬁ?cﬁ%ﬁ#%lfﬁgtg%}%léo%%}f'\lsl 3%t,
and are 0.28 vRiadNaftelpowhen t166A06+ageé kYain’didrhbtsy 684166l abPafive gPdinRBX

does not depends upon the grain dianeter of the abrasive grain. There is
correl ati on bebeeamestlargeythe surfacenmighnesstRa lof ¢hefglass isubstratedafter
yar of | uosi || ctlie P dratiasgin A pacess esomes, lAnEs (towevas Shesafage o | s
accor dance i o apEness Biady sneURRor thanged T ettt e

Chn be control | e by SOIERD RuPReit ot (8 JALEAT (ealkayind i BapR ot umy !

Further, the cislandt(peiak)coditattitghwittothe atadnetiadisk aad Bdrebtgined biyrur e

of the hydrotluosilic_acid relate with the etcbdng rate. As the _.
concentrati on Sgf#ingshegnadndiameteycwithinithearangenbetween 43 mnd 3t@Hdn.t o
f

be quicker and the s

ace roughne x tends to be |l arger. en. th
gl ass substrate for t cm‘?&c%ﬁ'@ﬁg‘gﬁﬁsﬂg&? |f§rr§]p§égfa6§|q¥\’l}a—h9§‘rﬁ@§t ed
by the manuf acﬁﬂgg: i 54 i . l:ne surface roughness is
| ar gel y change aggé{%gg?gﬁg“%gﬁéﬁ]ﬁ%&gﬁsﬁﬁydr oi luosilic acid
concentration and t hewhel{ ghbtYRain itdr S TRE TRé&/ bBradive &fhGs hét | S
necessaxy to nonitor theéﬁu%r oﬁ?uosc??lﬁgé aci g concent rgti on %é]d ?he
hydr of | uosi | i ceneéetlingn@3 ot ui cag@regatior of thapolishithg myaterisbpéadiliron is
al ways kept. In parti cu&g'ru)*ﬂ he hy&;ofl.ta?;itl iC a%i daﬁncte}ggteratsibgggié:eates
wi t h t he ~coad0ecuas, &an ereEcih resi genanates agtaactivema Ped by
nonitoring theconguctivity. Iﬁzeri i on .has been, made about th magnneti c
Fecor di ng medi TG Botinreferabler {he ErRIn SIS IRLST BeaPaS L0 / t, the
abovenenti oned | es. efnel nafit-er )y expl anati on. w4 |1, bE nmadq. .a he
typi cal gl ass gﬁﬁéﬁﬁggé afgt%} ﬁ%ﬁg‘ﬁl&ghé%%’gﬁ?% x?ﬁﬁfﬂﬂ?#a&?ﬁ%he%ﬁ%%ér ed
magnetic recor gh@dsi@iilgm whi ch are used in the load unload xaethod. The
gl ass substrate for the magnetic recording nedium which had the surface
roughness specified by Rrax = 4.3 nm Ra = 0.46 nm ~ 0 OEC 200z and
Rmaxl R,a = 9.3, was manufactured by suitably adjusting the grain dianeter
of the polishing abrasive grain and the surface pxocess condition (the
hydrofluosilic acid concentration, the hydrofluosilic acid tenperature, the
inmxk~aersing time into the hydrofluosilic acid) in an exanple 1. The
magneti c recordi ng nmedi um was obt ai ned by depositing the seed Layer 2, the
underlying layer S, the mag~aetxc |layer 4, the protection Layer 5 and the
| ubricant Layer 6 on the obtained glass substrate 1 as the sane manner as
the example ~. rn the obtained magnetic recording medium, both the

- r o - ~A N1 - o T e T




Further) the disk manufactured by this invention is not restricted to the
CSS net hod, and can be used in the zone-texture nmethod ox the |load unl oad
nmet hod. As nentioned before, when the surface roughness of the principal
surface of the glass substrate is neasured by the interatom c force

m croscope (AFl1l~, the surface roughness becones the specv[epcpﬁgoﬂJ this
i nvention. Co~asequently, the glass substrd®e and the magn ’
satisfy the glide height of 1.2 |~ inch, the high el ectro-nagnetic

O o et 2t R et RS B LDIF solichbticn
[ h
D A, Lo CEO BB

the princi pal (ZHOLR%ptdrEuiR 33446 (TYO, ) &fe bR6M asftw&emawa%mgram
(AFM . | VI oreover, the surface roughness of the principal surface of the

gl ass substrate is cAetoxdinedtethe hentiRinvéintion, the dchemixaReusfae prombssy
.the interatomc force mcroscope (AF 1V,~ and the rati o between the 10 D

E C 2002 bear nm@heee@facefpmhess;dmdmt hydvefluesiliccpcidepraseeses theeari ng
rati o and T~max fall hin, the specjfig¢ ran xeby, the gla
substrate sat ﬁb‘ﬁ'@%PQ% aptherast iiﬂgh@ﬂ P%Yﬁ-ﬁgﬁ%ll i%tm&l%d

L Rl sdad i i B

Ra and Rmex, | t
Rmax is defi ng& gg‘ag@dng.%tw%%sﬁﬁ?%%ra \ggﬁg{svﬂ a%levdgi% a d| rs gsr:l&clgpﬁﬁween
a hi ghest poi ghegoli gldsy sigmber surface roughness of at

| east a principal surface o the %Mss Substrate i s neasured by t he use of
the interatonc forcinventarschave Risdovered whahithetirace calpnshwhichthe. 2 and

2.6 nm Raoo.ax falls within the ra en 25.nm ~cIRa
falls within aﬁhvﬂgsrmneéﬁe% f&n@g&é@ %ﬁﬁm&s& ebﬁlgeﬂfé@ H¥BEPel to
a virtual pri al_esurface is defin ) nt Qur f

Rssuned t hat | LHE BIEACH 5%?1‘95?#8&?&)%%&3}?&@?@%053%3 odtd 2865 e b3,
flattened, wcg éﬂﬁg re cut by the
i use of the c?)lntour surtace, a percenta%e raprée()?ﬁ%ﬁtigt oxen of the

princi pal surface foAlthough thieasecHaniat ishot el theloaddh the pelishinsg
defined as a bearing ratio, the contour surface havi ng the bear.i ng rati o of

50 %is definefenrdythefeseabrasive M@pmwthemﬁaw ofthe glass
e Tyl g eSS Bl o
bg\élr ngt hgl gﬁ?@&%ﬁﬁ@%&#sU@acegﬁaﬁgﬁﬁme g{ui.il’l ngp"rgal oﬁn%iﬁg 0 %is

defined as B Herood afhiPIutioR02th6 siucttall Bablngt? 5) /R fal|s i (i »

t he range between 0.1 and O. | Rmex falls within the range
between 0.1 and 0.45A®a résgltasthesaﬂchmmrataduelmthajhydroﬂuasnhcaﬁd

wherein: the surface rpughness of at | east th ri surface is
measuxed by tMW%SIQmwlﬁh@ﬁtﬁmchmgei@&@gtB}&Fﬁ@aﬂ!nm&rmx falls
wi thin the xangise bﬁ%&ﬁenﬂs%ggs%%ﬂq to %e the above-mentioned mechanism.

In the eighth through the tenth inventions, the above-
mentioned phenomenon due to the discovery is positively utilized.
Thereby, the desired surface roughness state can be firstly obtained.

The concentration of the hydrofluosilic acid preferably falls
within the range between 0.15 and 3.0 weight (the eleventh invention).

When the concentration of the hydrofiuosilic acid is not

exceeding 0.15 weight %, the etching effect or the washing effect for



B.H (2.5)/Rmax falls within the range between 0.1 and 0.5 or $: H.

(5.0)I ,Rmax falls within the range between 0.1 and 0.45. 3. A gl ass
substxate as clainmed in any one of clainms 1 through 2, wherein: said glass
substrate contains at |east alkali nmetal oxide and al kali earth oxide, and
the content of the alkali earth oxide i.s not exceeding . A

gl ass substrate as claimed in any one of c®hims J. throljlngQh%ng n: said
gl ass substrate is used for a magnetic di sk which has a glide height having

roneti o | ay et DEEISE st TohdrEao CondR MR aE N St S suitile  ore.
clained in anfi‘oﬁ\%ﬁm@%sfésa .HB’C i)etd‘lftgijﬂé’d.‘l- 6. A nethod of manufacturing a
I C

gl ass substrate or use I.n a x~aagnetic recording medi um o
conprising the stepsWhén phenmmnceatatibnexce8d® S0 weishtoh, it & difiecsdtvitdhi n
t he range between 0.1 and 1.0 nm when a surface roughness of a princi pal
suxface o sandontralsthesmefaceromghnessdvith high acmutdcyt becawsethhe etchidpr ce
m croscope (AF1lV~) azad ~.0 E C 2002 chemi cally processi n%nt he surface
so that Ra farate Recame anick onsepacrtdy theglass substnate formfbe anagnetici n
t he range between and n and R a,,.falls wthin,the rangg,het.ween
8 and 35, oai Hegpiod Becini havine StRple SRALHE MBSOt Shiaretd: TRERdSR.
IS representatj nter-1line mean roughness, Rmax is defined as a
nmaxi mum hei gh%io\rég)#gg%ﬁl@gfi ve o a difference between a highest point and a
| ovest point, 7. A npf{lsdppbjertion Gidaks) 19 femabdin thedSksntirodgk thles for
use in a magnetic recordi ng nedi um conprising the steps of preparing a

gl ass menber thimbhinverndiohs) he limitztion keimpoged et toee kifid] asside laxdd mm
when a surface rqughness of a principal surface of said glass nmenber is
measured by t kbickness of the glass substrate used inithisinvention-\) , and

BLELTE B o AR e b Y
LB o2 Sl s o TN B, oA e

pri nci pal  sur bagGefteatBe1Has, £ AheRtElai8 el eord BIFAA) it hydoficailike

grain havi ~x~g grain di aneter between 0.3 and 3.0 a m before the chem cal
surface processidhashexclldntcaoniroiabilitjuef tire chemipal etchinigi for the d. 9. A
method as claiped .in ¢laim8, wherein: the chem cal surface process or the
surface procegduminosilieate glassoandddie swrface aopebpess san he centrelled so

that a portion.. ﬂ ving relatively high remaining distortion forns an island
or peak in reNdt ﬁHg BPIYAG: stribution which is generated at a portion of

_ Further, the glass substrate (the glass substrate for forming

the island (peaks) by the mechanism in the tenth invention) used in
the manufacturing method of this invention is preferably formed by
the material which contains the alkali metal oxide and in which the
total content of the alkali earth oxide (RO: MgO, CaO and the like) is
not exceeding 3 mol % (the twelfth invention).
The composition ratio is preferably specified by 58~75

weight % of Si0,, 5~23 weight % of Al,04,3~10 weight % of Li,O and
4~13 weight % of Na,O as main components (the thirteenth invention).

Further, it is desirable that the glass does not contain alkali
earth (metal) oxide, such as, Ca0O or MgO to remarkably form the

island (peak) by the mechanism in the tenth invention.



59 1 0 DEC 2002 abxasive trace due to the abrasive grain in the polishing
step of the glass nenber. 10. A nethod as clainmed in any one of clains 7
through 9, wherein: the hydrofluosilic acid has concentration between 0.i.5
and 3.0 by weight % 11. A nethod as clained in any one of clainms 6 through
8, wherein: the glass constituting said glass nmenber co ' a ast
al kali netal oxide and alkali earth oxi de22and content ﬂkF[HZCaQQQZi earth -
oxide is not exceeding 3 nol / . 12. A nethod as clainmed in claim11,

5T 2 0, AL AP TR A e
10 i % BakF sl M % 3Fh 1N ﬁﬁ%ﬁ 13.
A nravtelhgdt asQ c g?%rlggg%n cl glé.'% %‘;Qn 1?%@%&5%%5% cont a'?bns | 82 e?'sween

62 and 75 weivwéightt %AIET0NGVES weight 96 bE Alp (ahyY~10 wetdhto®t §€EH,G, and 10
wei ght % Na20 Tl)get\/\/een 4 agn;d 12 wei % “% ﬁ%%roz bet\/\eﬁ%}\ 5.5 a%d 15

wei ght / as ratlR sweightdbtef Nag@, andghb~létweiglit ot ZrDgasfthel maint hi n t he
xange between 0.5 and 2.0 whil e wei ght rtiogf Acliz /1ZrQ2 falls within the
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manuf acturing a rerecordi NG nmedi um wherein: at |east a magnetic
layer is formed on hR f¥ddivierat bﬁiﬁﬁﬁ%t?énétil?i@iﬁ'éa§é@,5ﬂi@é&nﬁressive

manuf actured by the nethod clained in any one of clains 6 through 14. 16. A
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Therefore, such an aluminosilicate glass is desirable. Herein,
it is to be noted that N5 manufactured by HOYA CORPORATION is
representative of the above-mentioned aluminosilicate glass.
Further, the surface process due to the above hydrofluosilic

acid is performed twice. Moreover, the different hydrofluosilic acid

concentrations are used in the respective steps. Thereby, the fine
surface roughness on the substrate surface can be controlled.

It is preferable that the chemical reinforcement (chemical
strengthening) process is carried out after chemical surface process or
the surface process due to the hydrofluosilic acid (the thixteenth
invention). Herein, the known chemical reinforcement (chemical
strengthening) methods are used as the above chemical reinforcement
(chemical strengthening) method without limitation.

For example, the low-temperature ion exchange method, in
which the ion exchange is performed in the region which does not

exceed the transition point temperature from the viewpoint of the
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dEUV7 10! yge in a magnetic recording med1um and which has surface roughness

Ra and Rmax, where Ra is representative of a center-line mean
roughness, Rmax ie defined as a maximum height representative of a
difference between a highest point and a lowest point,

a surface parallel to a virtual principal surface is defined as a
contour surface when it is assumed that the principal surface of the

glass substrate is completely flattened,
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of a total area of the principal surface for sum of areas of the cut cross
sectional surface is defined as a bearing ratio,

the contour surface having the bearing ration of 50 % is
defined as a referential surface ,and

each distance from the referential surface to each contour
surface having each bearing ratio is specified as a bearing height
(B.H.), comprising the steps of:

specifying a surface state of the glass substrate to improve
flying characteristic of a magnetic head at every kinds of the magnetic
head within a specific range ratio (B.H./Rmax) of the bearing height
(B.H.) and Rmax measured by the use of the interatomic force
microscope (AFM);

processing the swrface of the glass substrate under various
surface processing conditions;

. determining the surface processing condition so that
B.H./Rmax measured by the use of the interatomic force microscope
(AFM) after the process falls within the specific range; and |

processing the surface of the glass substrate based upon the
determined surface processing condition.

(b) A method of manufacturing a glass substrate which is for
use in a magnetic recording medium and which has surface roughness
Ra and Rmax, where Ra is representative of a center-line mean
roughness, Rmax is defined as a maximwm height representative of a
difference between a highest point and a lowest point,

a surface parallel to a virtual principal surface is defined as a

contour surface when it is assumed that the principal surface of the
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each distance fmm the referential surface to each contour
surface having each bearing ratio is specified as a bearing height
(B.H.), comprising the steps of:
specifying a surface state of the glass substrate to improve
flying characteristic of a magnetic head at every kinds of the magnetic
head within I?a, Rmax, Rmax/Ra, and a specific range ratio
(B.H./Rmax) of the bearing height (B.H.) and Rmax measured by the
use of the interatomic force microscope (AFM);
processing the surface of the glass substrate under various
surface processing conditioné;
determining the surface processing condition so that Ra, Rmax,
Rmax/Ra, and B.H./Rmax measured by the use of the interat;mic
force microscope (AFM) after the process falls within the specific
range; and
processing the surface of the glass substrate based upon the
determined surface processing condition.
Brief Descrintion of the Drawings:
Fig. 1 is a measuring picture of a principal surface of a glass
substrate for a magnetic recording medium measured the interatomic

force microscope (AFM) according to this invention;
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Fig. 1;

Fig. 4 is a schematic cross sectional view showing a magnetic
disk according to an example 1 of this invention;

Fig. b is a graph showing a relationship between immersing
time into hydrofluosilic acid and Rmax; and

Fig.6 is a graph showing a relationship between immersing
time into hydrofluosilic acid and Ra.

Descrinti  the Preferred Embodi s

(Example 1)

As illustrated in Fig. 4, a seed layer 2, an underlying layer 3, a
magnetic layer 4, a protection layer 5 and a lubricant layer 6 are
successively formed on a glass substrate 1 in a magnetic disk
according to this embodiment.

The glass substratel is an aluminosilicate glass which has
composition of 63.5 weight % of SiOg, 14.2 weight % of Al30g, 10.4
weight % of NaoO, 5.4 weight % of Li,0 and 6.0 weight % of ZrO; ,0.4
weight % of Sb,03, and 0.1 weight % of As,0; ,and is processed to the
disk shape having outer diameter (66 mm ¢ ), hole diameter(20 mm &)
of a central portion and a thickness of 0.685 nm. The both principle
surfaces, end surfaces and chamfered portions axre precisely polished
and are processed the surfaces by the use of hydrofluosilic acid.

Consequently, the surface roughness of the both principle
surfaces is specified by Ra = 1.3 nm, Rmax = 14.1 nm, Rmax/Ra = 10.8,
B.H. (2.5) = 6.02 nm, B.H. (5.0) = 4.33 nm, B.H. (2.5)/Rmax = 0.43, and
B.H. (6.0)/Rmax = 0.31.
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layer 4 formed thereon is reduced as possible, and the underlying

layer 3 serves to improve coercive force.

Cr and CrV are exemplified other than the above-mentioned
CrMo as the underlying layer 8. It is preferable to match with the
lattice distance of the seed layer 2 because the crystal growth becomes
excellent and the electro-magnetic conversion characteristic allso
becomes superior.

In this event, the underlying layer 3 is not restricted to a single
layer, and may be a multi-structure in which the same or the different
layers are laminated. For example, a multi-layer underlying layer,
such as, Cx/CrMo, Cr/CrV, and CrV/CrV are exemplified.

The magnetic layer is a CoPtCrTa (Co: 75at%, Cr: 17at%, Pt:
5at%, Ta: 8at%) film. Herein, it is to be noted that material of the
magnetic layer of the magnetic disk of this invention is not
particularly restricted. Specifically, a magnetic thin-film, such as,
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achieves corrosion resistance and resistance to abrasion of the
magnetic layer 4.

As the protection layer 5, carbon, nitrogen carbon, hy;irogen
nitrogen carbon, fluorine carbon, Cr, and SiO; are exemplified other
than the above-mentioned hydxogenation carbon. _

The lubricant layer 6 is a liquid lubricant film consisting of
perfluoropolyether having the film thickness of 1 nm. The lubricant
layer 6 achieves resistance to abrasion.

In addition, fluorocarbon based liquid lubricant material or a
lubricant material consisting of alkali metal salt of sulfonic acid may
be used as the material of the lubricant layer 6 other than the above-

mentioned perfluoropolyether.
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a disc-shape having a diameter of 66 mm and a thickness of 3 mm by

a grinding stone from a sheet glass formed by the down draw method.
The glass substrate was ground by a relatively rough diamond
grindstone to obtain the glass substrate having the diameter of 66 mm
and the thickness of 1.5 mm.

In this event, the glass substrate may be cut into the disc-
shape in the same manner as the above from the sheet glass formed
by the float method instead of the above-mentioned down draw

method.
A. chemically reinforced glass was used as the above-mentioned

aluminosilicate glass. The chemically reinforced glass contains 63.5
weight % of SiO9, 14.2 weight % of AlgOg, 10.4 weight % of Nag0O, 5.4
weight % of Li,O and 6.0 weight % of ZrO,, 0.4 weight % of Sb,0;, and
0.1 weight % of As,0,.

Subsequently, the both principal surfaces of the glass substrate
were ground by a diamond grindstone baving grains smaller than
those of the above-mentioned grindstone at every one surface.

In this case, a load was set to the extent of 100 Kg. Thereby,
the both principal surfaces of the glass substrate were ground into a,

surface roughness Rmax of about 10 u«m.
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end surface was ground to a diameter of 65 mm.

Thereafter, the outer and the inner end surfaces were
chamfered. In this case, the end surface (the side surface and the
chamfered portion) of the glass substrate had a surface roughness
Rmax of about 4 1 m.

(2) Mirror finishing step of the end surface:

Subsequently, the glass substrate was polished by the use of a
brush polishing by rotating the glass substrate so that the surface
roughness of the end surface portion (the angular portion, the side
surface and the chamfered portion) of the glass substrate is set to
about 14 m by Rmax and to about 0.3 £ m by Ra. The mirror
finishing step is effective for pretlrenting a film defect which is caused
by dusts which are attached to the principal surface of the glass
substrate.

In this event, the dusts are generally generated from the end
surface of the glass substrate when the glass substrate is transferred
or when the glass substrate is cleaned. The glass substrate was
washed with water after the above-mentioned mirror finishing step.

(3) Lapping step:

The lapping step was performed for the glass substrate to
improve dimension and shape accuracy. The lapping step was
carried out by using the known lapping apparatus. In this case, the
lapping step was conducted two times by changing grain degree from
#400 to #1000. |

Specifically, the lapping was performed for the both principal

surfaces of the glass substrates which were contained in a carrier so
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surface roughness (Rmax) of about 6 & m.

In this event, the lapping was carried out by rotating an inner
gear and an outer gear by the use of alumina grains having a grain
degree of #400 in the condition that the load L was kept at about 100
Kg.

Next, the lapping was performed by changing the grain degree
of the alumina grain into #1000. In this case, the surface roughness
(Rmax) was set to about 2 4 m. Subsequently, the glass substrate was
successively immersed in washing units of natural detergent and
water to be washed after the lapping step was completed.

(4) First polishing step:

Next, a first polishing step was performed by the use of a
polishing apparatus to remove a defect and a distortion remaining in
the above-mentioned lapping process. Specifically, a hard polisher
(which may be a cerium pad LP66 made by Speedfam) was used as
polisher. In this case, the first polishing was performed under the
following polishing condition.

Polishing liquid: oxide cerium (grain size of 1.3 4 m) '(free
abrasive grain) + water

Load: 80-100 g/cm2 (L = 238 kg)

Polishing time: 30-50 minutes

Removing amount: 35-456 um

Revolution of lower surface plate: 40 rpm

Revolution of upper surface plate: 35 rpm

Revolution of inner gear: 14 rpm

Revolution of outer gear: 29 rpm

The glass substrate was washed by being successively dipped
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(isopropyl alcohol), IPA (vapor drying) after the above polishing step.
Herein, supersonic wave was applied to each washing unit.

In this event, the washing step may be omitted if a polishing
liquid in the subsequent second polishing step is the same as the
above case. ’

Further, the hard polisher used in the first polishing step is not
particularly restricted, and may be suitably selected in dependency
upon the surface roughness and end portion shape of the substrate as
the target (or the goal)

(5) Second polishing step (Final polishing step):

Next, a second polishing was conducted by changing the above-
mentioned hard polisher into a soft polisher (Kanebou N75 19) by
using the polishing apparatus used in the first polishing step.

The polishing condition is similar to the first polishing step
except for polishing liquid of oxide cerium (grain size of 0.8 £ m) (free
abrasive grain) + water, the load of 80-100 g/cmZ, the polishing time of
9-15 minutes and the removing amount of 3-6 um.

The surface roughness of the glass substrate obtained in this
second polishing step was measured by the use of the interatomic
force microscope (AFM). Consequently, Ra was equal to 0.3 nm
while Rmax was equal to 3.8 nm. Herein, it is to be noted that the soft
polisher used in the second polishing step is not particularly
restricted.

In this event, it is desirable to use polisher having relatively
small hardness to form a projection formed via the subsequent
surface processing step to an island shape. Herein, the hardness

(asker C) of the polisher may preferably be 60 or less, and more
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(6) Surface processing step (Washing step):

& ()
E&()
E& ()
E& ()

The glass substrate was successively immersed in each
processing (washing) unit of hydrofluosilic acid (concentration: 0.35%,
temperature: 46 °‘C, immersing time: 150 sec), hydrofluosilic acid
(concentration: 0.28%, temperature: 46 C, immexrsing time: 200 sec)
to be processed (washed) the surface therein gfter the second
polishing step. In this case, a supersonic wave was applied to each of
the processing (washing) units.

Th;a glass substrate was washed by being successively dipped
in each washing unit of natural detergent, pure water, pure water,
IPA. (isopropyl alcohol), IPA (vapor drying) after the above surface
processing Step. Herein, supersonic wave was applied to each washing
unit except for an IPA vapor unit used in the IPA (vapor drying) step.

(7) Chemical reinforcing (chemical strengthening) step:

Next, a chemical reinforcing (chemical strengthening) step was
performed. for the glass substrate after the grinding, the surface
polishing processing (washing) and the washing step were completed.

First, a chemical reinforcing salt was prepared by mi:;ing
potassium nitrate (60 %) with sodium nitrate (40 %). The chemical
reinforcing salt was heated up to 400 C. The glags substrate which
was washed and preheated to 300 ‘C was dipped in the chemical
reinforcing salt for 3 hours.

The chemical reinforcing step was carried out in a holder so
that the entire surface of the glass substrate was chemically
reinforced with a plurality of glass substrates retained at the end
surface in the holder.
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surface layer of the glass substrate were replaced by sodium ions and
potassium ions in the chemical reinforcing salt by dipping each glass

substrate in the chemical reinforcing salt. Thus, the glass substrate
was chemically reinforced.

A compressive stress layer formed in the surface layer of the
glass substrate had a thickness of about 100 to 200 #m. Next, the
chemically reinforced glass substrate was dipped in a water tank of
20 C, quickly cooled and retained for 10 minutes.

(8) Washing step: |

Subsequently, the cooled glass substrate was dipped in a
sulfuric acid heated up to 40 °C, and was washed in the condition that
the supersonic wave was applied. The surface of the glass substrate
obtained thus was inspected. As a result, no contaminant was
detected.

In this event, the surface roughness of the principal surface of
the glass substrate after the above-mentioned washing step was
measured by the use of the interatomic force microscope (AFM).

As a result, when Rmax was 1.3 nm, Rmax was 14.1,'B.H. (2.5)
was 6.02 nm and B.H. (5.0) was 4.33 nm, Rmax/Ra was 10.8, B.H.
(2.5)/Rmax was 0.48 and B.H. (5.0)/Rmax was 0.31.

In this case, Ra is representative of the center-line mean
roughness (defined in Japanese Industrial Standard JIS B0601) while
Rmax is defined as a maximum height representative of a difference
between a highest point and a lowest point (defined in Japanese
Industrial Standard JIS B0601).

Fuﬂﬁer, observation was made about the surface state of the

principal surface of the glass substrate after the final polishing step
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after the washing step by the AFM.
Consequently, it was confirmed that islands (peaks) were

E& () -
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~ ~

formed at a portion of a trace of free abrasive grain in the final
polishing step.

Particularly, it is assumed that a portion having a relatively
high remaining distortion forms the islands (peaks) in remaining
stress distribution formed on the glass principal surface by the free
abrasive grain. |

St ¢ Producing M tic Disl

Subsequently, a heat treatment of the glass substrate 1,
deposition of a seed layer 2, deposition of an the underlying layer 8,
deposition of a magnetic layer 4 and deposition of the protection layer
5 were successively carried out for the above-mentioned gla‘ss
substrate 1 for the magnetic disk by the use of the known in-line
sputtering apparatus.

The in-line type sputtering apparatus (not shown) has a first
chamber in which a substrate heater is arranged, a second chamber in
which a NiAl target (Ni: 50 at %, Al: 50 at %), a CrMo target iCr:
94at%, Mo: 6 at%) and a CoCrPtTa target (Co: 75at%, Cr: 17at%, Pt:.
5at%, Ta: 3at%) are successively arranged, a third chamber in which a
carbon target is arranged, along the moving direction.

With such a structure, the glass substrate 1 was introduced
into the first chamber via a load lock chamber. The glass substrate
was successively transferred into the respective chambers by a desired
carrier apparatus at a constant rate to deposit and procéss in the

following conditions.
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the first chamber. The NiAl film having the film thickness of 40 nm as
the seed layer 2, the CrMo film having the film thickness of 25 nm as
the underlying layer 3, the CoCrPtTa film having the film thickness of
27 nm as the magnetic layer 4 are successively deposited in the second
chamber. The hydrogenation carbon film having the film thickness of
10nm as the protection layer b is deposited in the third chamber.

In this case, the sputtering conditions in the second and third
chambers were as follows.

Namely, the sputtering pressure was 2 mTorr in the second
chamber while the sputtering pressure was 8 mTorr in the third

- chamber. An inactive gas of argon was used as the sputtering
atmosphere in the second chamber. A mixed gas in which 8% of
hydrogen is mixed into the inactive gas of argon was used as the
sputtering atmosphere in the third chamber.

In this event, the sputtering power was 2kW in the second
chamber while the sputtering power was 8kW in the third chamber.

Subsequently, the substrate having the protection layer 6 was
taken out from the in-line sputtering apparatus. Perﬂuoropoiyether is
applied to the surface of the protection layer 5 by the dipping process.
Thereafter, the lubricant layer 6 having the film thickness of 1 nm
was formed to obtain the magnetic disk of an example 1.

Table 2 represents evaluation results of the electro-magnetic
conversion characteristic and the CSS durability characteristic of the
obtained magnetic disk. In this event, the magnetic characteristic and
the record/reproduce characteristic were measured, and as a result,
an excellent result was obtained. Specifically, the coercive foxce was
2300 Oe and the S/N ratio was 20 dB.
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Grain Coeffi=
Diameter| FEtoching |Total |Rmex |Ra |Rmax |BH. B.H, cient |Glide |CSS
of Free Time Time /Ra  [(25) [(5.0) Jof Height {Dura~ |Remarks
Abrasive [ 1 2 | 1+2 /Rmax |/Rmax [friction bility
Grain (nm)  J(nm)
Example
1 0.8 150] 200 350] 14.1] 1.3] 10.8{ 043 031] 06| 07 O
2 0.8] 100{ t100] 200 55| 06 110 038 0300 29| 03 O
3 0.8 150] 110| 260 8.2| 08| 9.1 045 036 23] 04 O
4 0.8] 200{ 120 820] 10.7] 1.2] 89| o042] o028 19 05 O
5 1] 100} 100] 200; S.2| 08| 56| 049 044] 24 03] O
6 1| 1so| 180 330] 11.2] 1.3] 86] 049] 045 1.8 06 O
7 1] 200] 180[ 3a80] 129] 11| 11.7] o40] 027 18 06| O
8 14 100 100] 200! 104] 1] 104] 048] 031 21 05 O
9 14| 150 170] 320 1271 14| 94| o50f 0371 16/ 06{ O
10 1.4] 190] 190{ 380] 14.4] 1.6 96| 049 032 14/ 07 O
1 1.4] 220] 220] 440] 17.4] 19] 92| 050 034 08 08 O
12 3| 100] 100 200] 106] 09| 11.8] o040] o026 21| 06 O
13 3| 130] 130] 260] 13.1] 12| t08] o043] o028 17 07 O
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Rmax, Ra
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7| o3| 260| 260 520| 248| 06| 41.3] 00| o008 o8| 12 x :*'“?"/ Ra
: s high
grain
8 02| 100! 120 220] 68| 03] 227 0170 013 28] 04| x |diameter
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grain
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applying magnetic field of 10 KOe by cutting a sample of Smm ¢ from
the manufactured magnetic disk and applying the magnetic field in
the film surface direction.

Moreover, the record/reproduce characteristic (S/N ratio) was
measured as follows.

Namely, the obtained magnetic disk and the MR (magneto-
resistive type) head having the flying height of 0.058 4 m were used.
In this event, the record/reproduce characteristic in a line recording
density of 163 kfcl (line recording denéity of 163,000 bits per 1 inch)
was measured in the condition that a relative rate between the MR
head and the magnetic diek was set to 9.6 m/s.

Further, medium noise during recording/reproducing signals
was measured by the use of the known spectrum analyzer to calculate
the S/N ratio in the condition that carrier frequency was set to 28
MHz and measuring bandwidth was set to 26 MHz. The MR head,
which was used in the above-mentioned measurement, had a track
width of 3.1/2.4 £ m and a magnetic head gap length of 0.85/0.28 4 m
at write/read sides.

Further, stiction between the magnetic disk and the magnetic
head did not occur in the CSS durability test of 10 tens thousand with
the rotating rate of the magnetic disk of 4000 rpm using 80 % slidex of
3g load in atmosphere of the room temperature and the room
moisture.

Moreover, the head crush did not occur. As a result, the
magnetic disk having the high CSS durability characteristic was
obtained.
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disk and the magnetic head was measured by the use of the strain
gage, and it was '0.6.

Subsequently, the glide height test was carried out by the use
of the AE sensor. It has been confirmed that no contact was generated
between the head and the medium up to the head flying quantity of
1.0 uinch. That is, the glide height of this disk was 1.0 finch.

From the above-mentioned result, the record/reproduce was
performed with the glide height of 1.2 £inch or less, and the magnetic
disk satisfied the high electro-magnetic conversion characteristic and
the high CSS durability characteristic.

(Comparative Example 1)

The magnetic disk was manufactured in the same manner as
the example 1 except that the glass substrate was manufactured by
changing the polishing condition and the surface processing time due
to hydrofluosilic acid and the surface roughness of the glass substrate
was evaluated by the use of the thally step.

As a result, the static coefficient of friction, the glide height
(#inch), and the CSS durability characteristic are rebresent'ed in
Table 2 as a comparative example 1. In this case, the evaluation of
the measured thally step was carried out under the condition of
scanning distance (250 & m) and stylus pressure of 7 mg.

When the surface of the glass substrate for the magnetic disk
was evaluated by the thally step as the comparative example
(although the surface falls within the range specified by this
invention), the glide height was 2 Linch or more and variation

became large. This reason is explained as follows.
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measuring method, such as, the thally step. Consequently, fine
roughness can not be captured. As a result, it is difficult to control
the surface state of the magnetic disk which satisfies the glide height
of 1.2 L inch or less.

Therefore, it is found out that the surface roughness must be
evaluated by the use of the interatomic force microscope (AFM),
which is capable of observing finer surface state, in. order to control
the surface state of the magnetic disk which. can satisfy the glide
height of 1.2 £inch or less. Hereinafter, the surface roughness of the
glass substrate is measured by the AFM.

(Examples 2~17, Comparative examples 2~9)

The magnetic disk was manufactured in the same manner as
the example 1 except that the surface roughness of the glass
substrate was changed by changing the polishing condition and the
surface processing time due to hydrofluosilic acid.

. They were defined as examples 2~17 and comparative
examples 2~9. In the respective cases, the surface roughness Rmax
(um), Ra (nm), Rmax/Ra, B.H. (2.6)/Rmas, B.H. (5.0)/Rmax of the
principal surface of the glass substrate, the static coefficient of
friction, the glide height (4 inch), the CSS durability characteristic
are represented in Table2.

In this case, the coercive force and the S/N ratio of the
magnetic disk were measured in the examples 2~17 and the
comparative examples 2~9. In consequence, the coercive force and the
S/N ratio were 2200 Oe or more and 18 dB or more, respectively, and

were superior values.
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the principal surface of the glass substrate was not exceeding 5.0.
Consequently, the magnetic head is stuck to the magnetic disk
because the surface became the mirror surface state,

In comparative example 2, the surface roughness Rmax of the
principal surface of the glass substrate exceeds 25.0 nm. Thereby, the
glide height exceeded 1.2 4 m.

In the comparative example 6, the surface roughness Ra of the
principal surface of the glass substrate is not exceeding 0.2 nm.
Thereby, the coefficient of friction was 3 or more. Consequently, the
head crash occurred.

In the comparative example 3, the surface roughness Ra of the
principal surface of the glass substrate exceeded 2.5 nm. Thereby, the
glide height exceeded 112 4m.

In the comparative example 6, Rmax/Ra was not exceeding 8.
In consequence, the coefficient of friction was 3 or more. As a result,
the head crush occurred. Further, B.H. (2.5)/Rmax and B.H.
(5.0)/Rmax exceeded 0.5 and 0.45, respectively.

In the comparative example 7 and the comparative e;xample 8,
Rmax/Ra exceeded 20. Thereby, the CSS durability was lowered and
the head crush occurred. Further, B.H. (2.5)/Rmax and B.H. (5.0)
/Rmax were not exceeding 0.1.

In the comparative example 8, the grain diameter of the free
abrasive grain was not exceeding 0.3 1 m. Consequently, the CSS
durability was degraded because the surface roughness became small.

In the comparative example 9, the grain diameter of the free
abrasive grain exceeded 0.3 £ m. Consequently, the glide height

exceeded 1.2' /. m because the surface roughness became large.
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E& (4 the surface roughness of the glass substrate of the magnetic disk falls
within the range specified by this invention and further, the grain
diameter of the free abrasive grain in the final polishing step before
the surface process due to the hydrofluosilic acid falls within the
predetermined range in order to obtain the magnetic disk which is
recorded and reproduced with the flying height of 1.2 4 inch or less
and which satiefies the high electro-magnetic conversion
characteristic and the high CSS durability characteristic.

Rentimizati f the Hvdrofluosilic acid C rati

(Example 1, examples 18~21, comparative examples 10~12)

The magnetic disk was manufactured in the same manner as
the example 1 except that hydrofuosilic acid concentration was
variable in the surface process due to the hydrofluosilic acid after the
final polishing step.

They were defined as an example 1, examples 24~27 and
comparative examples 18~20. In the respective cases, the surface
roughness Rmax (nm), Ra (nm) and Rmax/Ra of the principal surface
of the glass substrate, the static coefficient of friction, the gli.de yield
are represented in Table 3.

In this event, 100 of the magnetic disks were prepared for each
magnetic disk manufactured under each condition ,and were
inspected with 1.2 uinch flying height of the glide head.

Under this circumstance, the hit magnetic disk was determined as a
defective product in the glide yield.

In this case, the coercive force and the S/N ratio of the

magnetic disk were measured in the examples 18~21 and the
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4 110% E& ()f/ |doncen~ [1st Concen— |2nd Rmax |[Ra [Rmax [Coeffi- |Glide
tration of |Etching [tration of |Etching /Ra |cient of |Yiald |{Remarks
1st Time 2nd Time friction
process process (nm)  {(nm) (%)
Example
1 0.35 150 0.30 200 14.1] 1.3} 108 0.6) 96
18 0.60 200 0.15 2001 124] 111 113 14 9N
19 1.00 60 1.00 60] t1.6) 14 83 09] 88
20 2.80 25 1.00 25 1201 1.5 80 0.8 75
21 1.00 60| 1.50 60] 135| 14| 96 08] 83
Comparative Example
10 04 200 0.14 200 7.6] 055 138 32| 56|concentra~
. tion is fow
1" 32 20 2 201 124] 15/ 83 1.6] 38lconcentra~
tion is high
12 0.14 300| 2 40 11.6] 08| 145 19| 43|concentra~
tion Is low

comparative examples 10~12. In consequence, the coercive force and
the S/N ratio were 2200 Oe or more and 18 dB or more, respectively,
and were excellent values.

In the comparative example 11, controllability of etching was
deteriorated and variation of the surface roughness became large
because the hydrofluosilic acid concentration exceeded 1.0 weight %.
Consequently, the magnetic disk could not be manufactured with
superior reproduction.

In the comparative example 10, enough etching effect could
not be obtained because the hydrofluosilic acid concentration was not
exceeding 0.15 weight %. In consequence, the surface roughness of
the principal surface of the glass substrate became the mirror surface,
and the magnetic head is stuck thereto.

In the comparative example 12, although the hydrofluosilic
concentration in the first process was not exceeding 0.15 weight %,

proper roughness could be obtained by enhancing the concentration in
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From the above-mentioned result, the surface roughness can
be controlled with high accuracy by selecting the hydrofluosilic acid
concentration to the predetermined range (0.16~3.0 weight %), and
the stable magnetic disk can be obtained.

Further, the magnetic disk has the glide height of 1.2 rinch
or less and satisfies the high electro-magnetic conversion
characteristic and the high CSS durability characteristic.

(Example 1, examples 22~27, comparative examples 13~15)

The magnetic disk was manufactured in the same manner as
the exam'ple 1 except that the surface roughness of the glass
substrate after the final polishing step was variable by changing the
polishing condition.

They were defined as an example 1, examples 22~27 and
comparative examples 18~15. In the respective cases, the surface
roughness Rmax (nm), Ra (nm) and Rmax/Ra of the principal‘surface
of the glass substrate, the static coefficient of friction, the glide height
(& inch), and the CSS durability are represented in Table 4.

In this case, the coercive force and the S/N ratio of the
magnetic disk were measured in the example 1, the examples 22~27
and the comparative examples 18~15. In consequence, the coercive
force and the S/N ratio were 2200 Oe or more and 18 dB or more,
respectively, and were superior values.

In the comparative example 13, the surface roughness of the

principal surface of the glass substrate after the final polishing step
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Example
1 3.8 03] 14.1] 13; 108 0.6 07] O
22 1.1 0.1 691 03] 19.7 28 03] O
23 6.5 05| 168/ 15| 112 1.1 08 O
24 11.2 06] 172] 18 9.6 0.9 09| O
26 13.5 05 214] 17| 126 0.6 11} O
26 19.8 06| 234 21 111 0.2 12| O
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was not exceeding 1.0 nm by Rmax, and not exceeding 0.1 nm by Ra.
Consequently, the roughness was small after the hydrofluosilic acid
process and the coefficient of friction exceeded 8.

In the comparative example 14, the surface roughness of the
principal surface of the glass substrate after the final polishing step
exceeded 1.0 nm by Ra. Consequently, the CSS durability was lowered
and the head crush occurred because Ra after the hydrofluosilic acid
process became 2.5 nm or more.

In the comparative example 15, the glide height was 1.2 £inch
or more because Rmax and Ra were large.

From the above-mentioned result, variation of the islands
(peaks) of the finally obtained glass substrate surface could be
suppressed by selecting the surface roughness of the glass substrate

after final polishing step to the predetermined roughness.
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or less and satisfies the high electro-magnetic conversion
characteristic and the high CSS durability characteristic.

Glass ¢ Kind_of G Gl .\

(Example 28, comparative examples 16~17)

The magnetic disk was manufactured in the same manner as
the example 1 except that the glass substrate was changed into an
aluminosilicate glass (example 28), a quartz glass (comparative
example 16) and a soldalime glass (comparative example 17), and the
polishing condition for setting the surfaces of these glass substrates
to desired surface roughness and the surface processing condition due
to the hydrofluosilic acid were suitably changed.

In this case, the aluminisilicate glass used in the above-
mentioned example 28 had composition of 64.0 weighlt % of SiO9, 16.0
weight % of AlpO3, 9.0 weight % of NagO, 7.0 weight % of Li,O and
4.0 weight % of ZrO, .

On the other hand, the solalime glass used in the above-
mentioned example 17 had composition of 72.5 weight % of SiOg,

16.0 weight % of NagO, 1.0 weight % of Al90g, 9.0 weight % of CaO,
and 2.5 weight % of MgO.

As a result, the surface roughness was 1.2 nm by Ra and was
11.0 nm by Rmax in the example 28. Further, the coefficient of
friction was 1.9 and the CSS durability was also excellent.

However, the surface roughness of the comparative examples
16 and 17 was largely different in comparison with the above
examples 1~28. Specifically, the static coefficient of friction was 3 or
more and the superior result could not be obtained in the CSS

durability characteristic.
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from the results of the above-mentioned example and the comparative
examples 16 and 17.

It is assumed that an exchange reaction occurs between H*
contained in the water and alkali ion (Na*, Li*) contained in the glass
in the polishing step due to the free abrasive grain of the glass
substrate surface.

By this exchange reaction, a hydration layer was formed. In
the hydration layer, OH was attached to Si or Al which forms a
network of the glass by the exchange reaction. It is assumed that
the distribution of the thickness of the hydration layer was formed in
accordance with the stress distribution applied by the free abrasive
grain in the hydration, and the roughness was formed in dependency
upon the etching rate.

Herein, it is to be noted that the etching rate is small at a
portion having large stress while the etching rate is large at a portion
imving a small stress. i

The formation of the hydration layer relates with the
roughness (projections) and depends upon the difference of the kind of
the glass (glass type, glass composition).

Subsequently, examination will be made about the glass
composition for forming the island (peak) by the manufacturing
method according to this invention.

Seven kinds of glass materials having different composition

ratios illustrated in Table 5 were prepared, and the glass substrates

were manufactured in the same manner as the example 1.
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Herein, the surface of the glass substrate before the
hydrofluosilic acid process and the surface of the glass substrate after
the hydrofluosilic acid process were observed by the use of the
interstomic force microscope (AFM).

As a result, it has been confirmed that when the glass
substrate contains no TiO, ,the surface roughness indicated‘in the
above exampie did not become remarkable and the island (peak) was
not readily formed in the glass substrate which contains the alkali
earth oxide MgO, CaO) of 2 mol % or more (1.6 wt % or more) in the
total content.

On the other hand, it has been confirmed that when the glass
substrate contains TiO, ,the surface roughness indicated in the above
example did not become remarkable and the island (peak) was not
readily formed in the glass substrate which contains the alkali earth
oxide (MgO, CaO) of 8 mol % or more (2.4 wt % or more) in the total
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the glass composition for forming the island (peak) by the
manufacturing method of this invention preferably contains the alkali
earth oxide of not exceeding 3 mol % (not exceeding 2.4 wt %) in the
total content and contains the alkali metal oxide which forms the
hydration layer by the polishing step. More preferably, the total
content of the alkali earth oxide is not exceeding 2 mol % (not
exceeding 1.6 wt %).

Therefore, it is confirmed that the glass used in the
manufacturing method according to this invention satisfies the above-
mentioned condition and may contain 58~75 weight % of SiOg, 5~28
weight % of Alp0g, 8~10 weight % of Li,0, and 4~18 weight % of
Na; O as main components in the comiaosition ratio and preferably
does not contains alkali earth metal (oxide).

In particular, the aluminosilicate glass specified in the claim
13 is desirable in the above-mentioned polishing condition and the
~ surface processing condition due to the hydrofluocsilic acid.

However, the magnetic disk had the glide height of 1.2 #inch
or less and satisfied the high electro-magnetic conversion
characteristic and the high CSS durability characteristic by setting
the condition of the surface roughness specified in the claims 1~3 and
by selecting the polishing condition and the surface processing
condition in the glass substrate other than the glass specified in the
claims 12~13.

Further, although the glass substrate is excessively smooth
and does not have the surface roughness specified in the claims 1~3,

the same effect as this invention can be obtained by forming fine
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As mentioned before, explanation mainly has been made about
the range of the surface roughness of the glass substrate for the
magnetic recording medium for obtaining the desired glide height, the
coefficient of friction, and the CSS durability.

Hereinafter, examination will be made about effects in which
the polishing condition (polishing abrasive grain), the surface
condition (the concentration of the hydrofluosilic acid, the immersing
time into the hydrofluosilic acid, and the temperature of tﬂe
hydrofluosilic acid) give for the surface roughness of the glass
substrate, and explanation will be made about a method of controlling
the surface roughness parameter.

Figs. 5 and 6 are graphs which represent the relationship
between the immersing time into the hydrofluosilic acid and Rmax,
and the relationship between the immersing time into the
hydrofluosilic acid and Ra when the grain diameter of the abrasive
grain are variable.

In this event, the concentration and the temperature lof the
hydrofluosilic acid are constant, and are 0.28 weight % and 46C,
respectively.

As illustrated in Fig. 5, Rmax does not depends upon the grain
diameter of the abrasive grain. There is correlation between the
immersing time into the hydrofluosilic acid and Rmax. Rmax can be
controlled by adjusting the immersing time into the hydrofluosilic
acid, as shown in Fig.b.

As illustrated in Fig. 6, there is correlation between the grain

diameter of the abrasive grain and Ra in accordance with the
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grain diameter of the abrasive grain.

Further, the concentration of the hydrofluosilic acid and the
temperature of the hydrofluosilic acid relate with the etching rate. As
the concentration and the temperature become higher, the etching
rate tends to be quicker and the surface roughness Rmax tends to be
larger.

When the glass substrate for the magnetic recording medium
is practically fabricated by the manufacturing method of this
invention, the surface roughness is largely changed based upon the
variation of the hydrofluosilic acid concentration and the
hydrofluosilic acid temperature. Therefore, it is necessary to
monitor the hydrofluosilic acid concentration and the hydrofluosilic
acid temperature so that constant etching concentration is always
kept.

In particular, the hydrofinosilic acid concentration relates with
the conductivity, and the etching rate can be precisely controlled by
monitoring the conductivity. '

Description has been made about the magnetic recording
medium which is mainly used in the CSS method in the above-
mentioned examples.

Thereinafter, explanation will be made about the typical glass
substrate for magnetic recording medium and the manufactured
magnetic recording medium which are used in the load * unload
method.

The glass substrate for the magnetic recording medium, which
had the surface roughness specified by Rmax = 4.3 nm, Ra = 0.46 nm,
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The magnetic recording medium was obtained by depositing
the seed layer 2, the underlying layer 8, the magnetic layer 4, the
protection layer 5 and the lubricant layer 6 on the obtained glass
substrate 1 as the same manner as the example 1.

In the obtained magnetic recording medium, both the coercive
force and the S/N ratio were excellent, the glide characteristic was
also superior, and the flying characteristic was also excellent without
the head crush.

Although the inve;ation has been so far explained with the
preferred embodiments, this invention is not always restricted to the
above-mentioned embodiments. For example, although the surface
process due to the hydrofluosilic acid was performed twice, the
surface process step may be performed once, and alternatively, may
be performed three times or more. |

Further, although the chemically reinforced glass substrate
was used as the glass substrate of this invention, and the chemically
reinforced step was performed after the surface process due to the
hydrofluosilic acid, the surface process due to the hydrofluosilic acid
may be carried out after the chemically reinforced process.

When the glass substrate is polished by the use of the free
abrasive grain and the above surface process due to the hydrofluosilic
acid is performed immediately after the glass substrate surface is

chemically reinforced, the remaining distortion formed by the free
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the chemical reinforcement. This is undesirable because the surface
roughness can not be controlled.

Howevei', the same result as the above-mentioned case can be
obtained by interposing the polishing processing step due to the free
abrasive grain between (immediately after the surface process due to
the hydrofluosilic acid) the chemical reinforcement process step and
the surface process due to the hydrofluosilic acid as the chemical
reinforcement step —* the polishing step due to the free abrasive
grain = the surface process due to the hydrofluosilic acid.

Further, the disk manufactured by this invention is not
restricted to the CSS method, and can be used in the zone-texture
method or the load * unload method.

As mentioned before, when the surface roughness of the
principal surface of the glass substrate is measured by the
interatomic force microscope (AFM), the surface roughness becomes
the specific state in this invention.

Consequently, the glass substrate and the magnetic medium
satisfy the glide height of 1.2 £ inch, the high electro-magnet'ic
conversion characteristic and the high CSS durability.

Further, it is possible to obtain the above specific surface
roughness state by chemically processing the glass substrate, which
has the desired surface roughness state, by the use of the
hydrofluosilic acid when the surface roughness of the principal
surface is measured by the interatomic force microscope (AFM).

Moreover, the surface roughness of the principal surface of the
glass substrate is controlled so that Ra, Rmax, and Rmax/Ra specified

by the interatomic force microscope (AFM) and the ratio between the
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bearing height of the contour surface having the specific bearing ratio

and Rmax fall within the specific range.
Thereby, the glass substrate satisfies the high electro-magnetic
conversion characteristic and the high CSS durability.
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CLAIMS

1. A glass substrate which is for use in a magnetic recordi£§
medium and which has surface roughness Ra and Rmax, where Ra
is representative of a center-line mean roughness, Rmax is defined as
a maximum height representative of a difference between a highest
point and a lowest point wherein:

a surface roughness of at least a principal surface of the glass
substrate is measured by the use of the interatomic force microscope
(AFM),

Ra falls within the range between 0.2 and 2.5 nm,

Rmax falls within the range between 3 and 25 nm, and

Rmax/Ra falls within the range between 8 and 35,

and wher,ein:

a surface parallel to a virtual principal surface is defined as a
contour surface when it is assumed that the principal surface of said
glass substrate is completely flattened,

when roughness formed on the principal surface are cut by the
use of the contour surface, a percentage rate of a total area oi" the
principal surface for sum of areas of the cut cross sectional surface is
defined as a bearing ratio,

the contour surface having the bearing ratio of 50 % is defined
as a referential surface,

each distance from the referential surface to each contour
surface having each bearing ratio is specified as a bearing height,

the bearing height of the contour surface having the bearing
ratio of 2.5 % is defined as B.H. (2.5) while the bearing height of the

contour surface having the bearing ratio of 5.0 % is defined as B.H.
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B.H. (2.5)/Rmax falls within the range between 0.1 and 0.5 or
B.H. (6.0)/Rmax falls within the range between 0.1 and 0.45.
2. A glass substrate as claimed in claim 1, wherein:
the surface roughness of at least the principal surface is
measured by the use of the interatomic force microscope (AFM),
Rmax falls within the range between 6 and 25 nm, and
B.H. (2.5)/Rmax falls within the range between 0.1 and 0.5 or
) B.H. (5.0)/Rmax falls within the range between 0.1 and 0.45.
( 3. A glass substrate as claimed in any one of claims 1 through 2,
wherein:
said glass substrate contains at least alkali metal oxide and
alkali earth oxide, and
the content of the alkali earth oxide is not exceeding 3 mol %.
4. A glass substrate as claimed in any one of claims 1
through 3, wherein: '
said glass substrate is used for a magnetic disk which has a
gli_de height having 1.2 £inch or less.
‘ 5. A magnetic recording medium, wherein:
at least a magnetic layer is formed on the principal surface of
the glass substrate claimed in any one of ¢claims 1 through 4.
6. A method of manufacturing a glass substrate which is for
use in a magnetic recording medium, comprising the steps of:
preparing a glass member in which Ra falls within the range
between 0.1 and 1.0 nm when a surface roughness of a principal
surface of said glass member is measured by the use of the

interatomic force microscope (AFM), and
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between 58 and 75 weight %, Al,O; between 5 and 23 weight %, Li,O

between 3 and 10 weight %, and Na,0 between 4 and 13 weight % as

main components.

13. A method as claimed in claim 12, wherein: ,

the glass contains SiO,between 62 and 75 weight %, }‘&1203
be:,ween 5 and 15 weight %, Li,O between 4 and 10 weight %, Na,O
between 4 and 12 weight %, and ZrO, between 5.5 and 15 weight % as
main components, and

weight ratio of Na,0/Zr0, falls within the range between 0.5
and 2.0 while weight ratio of Al,0,4/Zr0O, falls within the range
between 0.4 and 2.5.

14. A method as claimed in any one of claims 6 through 13,
wherein:

the step of chemically processing the surface or a chemical

reinforcement process is carried out after the surface process due to
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16, A method of manufacturing a glass substrate which is for
use in a magnetic recording medium and which has surface roughness
Ra and Rmax, where Ra is representative of a center-line mean
roughness, Rmax is defined as a maximum height representative of a
difference between a highest point and a lowest point, comprising the
steps of:

specifying a surface state of said glass substrate to improve
flying characteristic of a magnetic head at every kinds of the magnetic
head within a specific range Ra, Rmax and Rmax/Ra measured by the
-use of the interatomic force microscope (AFM);
processing the surface of the glass substrate under various
surface processing conditions by the use of hydrofluosilic acid;
- determining the surface processing condition so that Ra, Rmax
and Rmax/Ra measured by the use of the interatomic force microscope
(AFM) after the process falls within the specific range; and

processing the surface of said glass substrate based upon the

determined surface processing condition.
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the use of the contour surface, a percentage rate of a total area of the principal surface for

sum of areas of the cut cross sectional surface is defined as a bearing ratio,

the contour surface having the bearing ration of 50% is defined as a referential
surface, and

each distance from the referential surface to each contour surface having each
bearing ratio is specified as a bearing height (B.H.), comprising the steps of:

specifying a surface state of the glass substrate to improve flying characteristic of
a magnetic head at every kinds of the magnetic head within Ra, Rmax, Rmax/Ra, and a
specific range ratio (B.H./Rmax) of the bearing height (B.H.) and Rmax measured by the
use of the interatomic force microscope (AFM);

processing the surface of the glass substrate under various surface processing

-- conditions;

determining the surface processing condition so that Ra, Rmax, Rmax/Ra, and
B.H./Rmax measured by the use of the interatomic force microscope (AFM) after the
process falls within the specific range; and

processing the surface of the glass substrate based upon the determined surface

processing condition.



