METHOD OF GLASS SURFACE FI NE PROCESSI NG FI ELD OF THE | NVENTI ON

The present invention relates to a nethod of fine processing for
form ng 5concave portions and convex portions on a glass surface.
More particularly, the invention relates to a nethod of glass surface
fine processing in which not only mcroneter-order but also

nanonet er-order fine processing can be conducted. BACKGROUND OF THE

| NVENTI ON 10d asses are chem cally stable, have a | ow thernal
expansi on coefficient, and have excellent physical or chem cal
properties. G asseypTEICN UIEGEASSNUIFACE FYSE HEOCRSSING! S Tor

chem cal reaction chips, optical parts, and electronic parts.

However, since glasses, on one hand, are brittle materials, it is
difficult to conduct mrror finishing free from cracking and chi ppi ng

by mechani cal renoval procefEND GRTMEENYENTIONY 15 and cutting.
For conducting the mrror finishing of a glass, it is necessary to

reduce processi ngThepRsealth@ntidrofeldt@viel a flethdld OFeRl fiecds@fd fardfdning
required. It is therefore difficult to efficiently conduct mechani cal

m rrorsfigbisdatd@ortions and convdr PoriBRH oR B glhds GinFek OSPRra pRtioclassi the
technique for realizing mcroneter-order processing. In this

t echni que jnvehigors widtec & af mathgd af'sgladi whfadwa sin@ proveskdigy dnevhich not only

i on-exchange treatnent in which the glass was imersed in a nolten
sal t suchmisobes ofder g @lse mahonmderresddr dine xmisessimg chiabe caoxdsctpd.esent near
the glass surface for Kions (so-called chem cal strengthening
treatnent) is ground to thereby process the surface. SUWMARY OF THE
| NVENTI ON However, the techni que disclosed in

JP- A-2005- 298312 has a MBACK&ROUND QFAGHE INEEYTION t o be processed
has undergone chem cal strengthening, this glass is apt to _devel op

laterdf crac ks ( déiaw%@re@h%mljy shthdm hpveorlewsbermsl cxpansien ¢pgfficient, and
(

pol i shi ngave excellent physical or chemical properties. Glasses are hence suitable for use as

materials for chemical reaction chips, optical parts, and electronic parts. However,

since glasses, on one hand, are brittle materials, it is difficult to conduct mirror finishing

free from cracking and chipping by mechanical removal processing such as grinding

15 and cutting. For conducting the mirror finishing of a glass, it is necessary to reduce

processing rate and a high level of processing technique is required. [t is therefore
difficult to efficiently conduct mechanical mirror finishing.

JP-A-2005-298312 discloses a processing technique for realizing

micrometer-order processing. In this technique, the surface of a glass which has

20  undergone an ion-exchange treatment in which the glass was immersed in a molten salt

such as KNO; for several hours to exchange Na' ions present near the glass surface for

K" ions (so-called chemical strengthening treatment) is ground to thereby process the

surface.

25



5 technique is hence unsuitable for nanoneter-order processing even
t hrough not problematic in mcroneter-order processing.

Furthernore, since the ion exchange is a treatnment in which a gl ass
is imersed in a high-tenperature nolten salt, the processing

techni que disclosed in JP-A-2005-298312 necessitates the application
of a mask which withstands the high 10 tenperature. The techni que
hence has a problemthat such a treatnent is troubl esone.

Accordi ngly, an object of §@ﬁﬂﬂﬁ%ﬁ“ﬁlﬁﬁ\ﬂ?ﬁﬁﬁﬂ@w de a net hod of
n

gl ass surface fine processing in which not only mcroneter-order fine

processing but al pRwBRROMR&hnL 8sclbiddGn BP-OCEFBLING3 CRARLEpBBR I YHat
conduct ed. Nanmel y, the present invention i's based on

such fi ndighgs t}ﬁr%qiasls fo bepratBsedli@s difehint ShdnAvd] BCergitR AR (this s (sBbt to
(1) A met hod of glass surface fine processing for formng a convex

portion oniedelsy latcddl@eraths dcdddye8 Sracky) vitleR ipRGeabk 8Y isrin@®halpdxhides . Thive
nmet hod conpri si ng: a step of coating a surface of a

first segihn@é a6 CREncé Ourduitdbld d6€ nBlonfetGREQNAprdlesti@si &nWhréfghi Sott O
be the convex portion, with a protective layer; a step of renoving

al kal i i opgoHi¢naictinmictimtReerdef profgsisgcond region; a step of renoving
the protective layer fromthe surface of the first region; and

a step of pol i shi Rgtiehrogl sihee eheofont dxehge dnd treghen ihrehickvu glsst ke
al kali ions have been renoved and the surface of the first region
from whi climtesepint aigh-temptrayer mbha dadtethe pedoessi, technique disclosed #) JPFhe
net hod of gl ass surface fine processing according to (1),
A-2005-298312 necessitates the application of a mask which withstands the high
10 temperature. The technique hence has a problem that such a treatment is troublesome.
Accordingly, an object of the invention is to provide a method of glass
surface fine processing in which not only micrometer-order fine processing but also
nanometer-order fine processing can be easily conducted.
Namely, the present invention is based on such findings and is relates to
15  the following items (1) to (6).
(1) A method of glass surface fine processing for forming a convex
portion on a surface of a glass containing alkali-metal oxides,
the method comprising:
a step of coating a surface of a first region adjacent to a surface of a second
20  region which is to be the convex portion, with a protective layer;
a step of removing alkali ions from the surface of the second region;

a step of removing the protective layer from the surface of the first region;

and



5 wherein the step of renoving alkali ions fromthe surface of the
second region conprises exposing the surface of the second region to
an acidic liquid. (3) The nethod of glass surface fine
processi ng according to (2), wherein the acidic liquid has a pH of 5
or | ower. (4) The nethod of glass surface fine processing
according to any 10one of (1) to (3), wherein the glass is a
doughnut - shaped gl ass substrate for magnetic disk. (5) The
met hod of gl ass syrfac b i.n ing:to i f -
o (3), wherern 1 RE D SR UEEERIT BPCRAM BGLHARYRATUR et
of gl ass i i 1 : : t a
U face of T o et e R R e A SRR iR Bl pyelo
COMri Si NQaver has been renfbved €P_Of coating surfaces of a first region and
a third redion which are adjacent to a surface of a second region

which is to be a ggnvex pRfel m@fod W blas@sifadl GGk IpYstebMECiocoriy & @Y, Of

removing alkali ions fromthe surface of the second region;
a stepsof WY iR steBeoPiidild YRali a¥RY {tbhOMet ARS8 I AGE Sse@indt RGion
first region and the third region; and a step of polishing

the surf acempfisdsRepsppaRdsurRgd &Mhd seatndvabieh td ifacalikBldid] ons have been
renoved and the surfaces of the first region and the third region
from 25 which the(3pr ot ectThéeemeéthy®of BRs HeRbe fAEPYREssing according to (2),
wherein the acidic liquid has a pH of 5 or lower.
4) The method of glass surface fine processing according to any
10  one of (1) to (3), wherein the glass is a doughnut-shaped glass substrate for magnetic
 disk |
(5) The method of glass surface fine processing according to any
one of (1) to (3), wherein the glass is a slide glass.
(6) A method of glass surface fine processing for forming a convex
15  portion on a surface of a glass containing alkali-metal oxides,
the method comprising:
a step of coating surfaces of a first region and a third region which are
adjacent to a surface of a second region which is to be a convex portion, with a
protective layer;
20 a step of removing alkali ions from the surface of the second region;
a step of removing the protective layer from the surfaces of the first region
and the third region; and
a step of polishing the surface of the second region from which the alkali

ions have been removed and the surfaces of the first region and the third region from

25  which the protective layer has been removed.



According to the invention, glass surface fine processing not only of
the mcroneter order but also of the nanoneter order is possible, and
the occurrence of cracks and l|lateral cracks can be di m nished. 5BRI EF
DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a flow chart show ng
the nethod of glass surface fine processing of the invention.

Fig. 2 is a schematic view of an exanple of glass surfaces, the view
illustrating a second region to be a convex portion. 10Figs. 3(A) to

along the 11 neor e pibd Bt R Rk Ry PR aat ol bh
obtai ned g %une&aeora&%%%s 8 5L B8R Bad s 81 e oyl

is a schena |c VI ew 0 surface

illustrati QidkGisfedlONVEX portion. 15F| gs. 5(A) to
5(E) are scC i g&gﬁg%@% Eé }atlﬁﬁ a section obtained by cutting
al ong the I|ne V-V of Fig. 4, the views show ng the gl ass
constitution obtained after the respective steps shown in Fig. 1.

Fig. 65is a perspecti mpyﬂsbm Tigﬁlm% RefnGytion of a slide

gl ass produced by the nmethod of g ass sur ne processi ng of the
 nvention. 20Fi 9. pif 1 & AR EhdrOMBling RYnEMOILNZad SRR ARLAES bY
cutting the slide glass of Fig. 6 along the line A-A 1g. 8
i s an enl arOpdersighenati c view of the part of Fig. 7 surrounded with
the broken line, the view show ng the state of surface ions.

Fig. 2 is a schematic view of an example of glass surfaces, the view

illustrating a second region to be a convex portion.
10 Figs. 3(A) to 3(E) are schematic views illustrating a section obtained by
cutting along the line III-IlI of Fig. 2, the views showing the glass constitution obtained
after the respective steps shown in Fig. 1.
Fig. 4 is a schematic view of another example of glass surfaces, the view
illustrating a second region to be a convex portion.
15 Figs. 5(A) to 5(E) are schematic views illustrating a section obtained by
cutting along the line V-V of Fig. 4, the views showing the glass constitution obtained
after the respective steps shown in Fig. 1.
Fig. 6 is a perspective view illustrating the constitution of a slide glass
produced by the method of glass surface fine processing of the invention.
20 Fig. 7 is a sectional view showing a section obtained by cutting the slide
glass of Fig. 6 along the line A-A.
Fig. 8 is an enlarged schematic view of the part of Fig. 7 surrounded with

the broken line, the view showing the state of surface ions.



Fig. 9 is a perspective viewillustrating the constitution of a gl ass
substrate for magnetic di sk produced by the nmethod of glass surface
fine processing of the invention. Fig. 10 is an enl arged
schematic view of a section obtained by cutting the 5gl ass substrate
for magnetic disk of Fig. 9 along the line B-B, the view show ng the

state of surface ions. Fig. 11 is a graph show ng the
rel ati onshi p between | eaching depth and each of imrersion tine for
glass A and the pHof an acidic |iquid. Fig. 12 is a

graph show ng the g |9ai'§ 3:{%?5@ cﬁ’iv? ?fe\éﬁ‘ﬁﬂ%aﬁﬁg %ﬁ C%Lgstﬁﬂn(ﬂicéfdd gla%soslubsq}élte

and | eachi ng dept n ea asses Scription

e coce TRAALE 10 gl oo IR O A0 e MR
712 Second,;&£gLRN

Fig. 10 is an enlarged schematic view of a section obtained by cutting the
5  glass substrate for magnetic disk of Fig. 9 along the line B-B, the view showing the
state of surface ions.
Fig. 11 is a graph showing the relationship between leaching depth and each
of immersion time for glass A and the pH of an acidic liquid.
Fig. 12 is a graph showing the relationship between the pH of an acidic

10 liquid and leaching depth in each of glasses A to D.

Description of Reference Numerals
100  Slide glass
210 and 510 Convex portion
15 220 and 520 Concave portion
400 Glass for magnetic disk
711 First region
712 Second region
713 Third region
20
DETAILED DESCRIPTION OF THE INVENTION
The method of glass surface fine processing of the invention will be
explained below by reference to the drawings. However, the invention should not be

construed as being limited to the drawings.



713 Third regi on 20 DETAI LED DESCRI PTI ON OF THE | NVENTI ON

The net hod of glass surface fine processing of the invention will be
expl ai ned bel ow by reference to the draw ngs. However, the invention
shoul d not be construed as being limted to the draw ngs.

Fig. 1is a flowchart show ng the nethod of glass surface fine
processing of the invention. Fig. 2 is a schematic view of an exanple
of glass surfaces, the viewillustrating a second region to be a

convex portien. Fu1 il e Mr R FENSIP ki S8 A Rk 0 °
shov 10 . GgRRe” OB L SR 0RE P B Lol 051 LRADESHLE o5

. ¥ ._ . 7 st
Fegion b1 iisiinga yolFSkch © (REFART! BANEE, Thos, SHAL BUNET Grotihdhnte”
P ococst ndidh iiAfaliBy £ RaiBflobikled BP oMk D HATRIT AT bt Ifews

I ' t . . .
ot apar o FISRHENRY AR SAGHN R ShMSHIR T Taped RO NEDE Skl e L
a back s !J'Fﬁ@tc 91e7e%§bo§§ne?19 HWnl iR FFQ. 9; in%ﬁh%h_ a é’d?ﬂ'ef ?&ﬁi@ﬁ E&%ﬁﬁed‘ iBaskedane
of alkali-nefal oxides such as sodi um oxide, [ithium oxide, and

pot assi umi@xéfe12 Heounienby aUkdeesiod 1A 10fs b t9leRsigin 48O nit@Rodaosf di4st

i
region 711 and a second region 71§ adj acent to the first region 711.

As shown gifack finEpgbcesd f tililt@htion.ons are present around the front
surface of the glass 700. Although Na+ ions are shown as the al kali

ions in Fig. 3(A)In thé method ofplatsesirfade Blprsestigbl thbenvahtiadl, b gladnschr e
not construed as being limted to Na ions. Furthernore, in Fig. 3, NC
ions afe shawvhingsatyfslitbglasane aploaghamt-shaped igheasubatratafgenegrictiardisinid
the -surface, for the purpose of an easy understandi ng of the presence
of al kal i preparsd firitsape$10).i t Theselass 200 hast feont edrface (i @ end hbdcktstifaceidber
and arrangenent of alkali ions should not be construed as being
limted theshowm in Fig. 3(A), andgbuteigs ehlersy oneof alkaivmeiah ofides sugli By sodium
resist 730 having a desired pattern is formed on the front surface
710 of t hexige.dibiupoexidsy agrhprigssivtherjdeapihe (ot sirfaes 7 £} ok the glape0thgs as
maski ng st%p; step_620). The masking step includes a coating step,
pre- 25baRitiy regienh 71 leaplastrcandsegion ﬂ%@@lﬁ@ﬁgﬁ%@e drg pegiemdl lhodts-Hawhng
step. A detgiled explanation is as foll ows. resist fluidis

appl i &8 t 8 K'8ed (ot elifipRsyire Rigrenperaudge fonk Jefach of dke glass 7P+ nAkhayighn
cost e or Y SRLAVLIG, (SO0 L Pl SASEATLLY Lhe. [ 3L 0! o
ipz s;[ [] Iec ei {orélgigieta%o?gﬂl\ésmtr%?%laé &ﬂh{)% ﬁ%ﬁg@ ?ouﬁ% 1sognse.p)FurtthrnEOQee, iﬁ %?gef 3?{\1aaions
are shown as if they are present in linear arrangement around the surface, for the
purpose of an easy understanding of the presence of alkali ions. However, it is a
20  matter of course that the number and arrangement of alkali ions should not be construed
as being limited thereto.
Subsequently, as shown in Fig. 3(B), a resist 730 having a desired pattern is
formed on the front surface 710 of the glass 700 by photolithography (hereinafier
referred to as masking step; step 620). The masking step includes a coating step, pre-

25 baking step, exposure step, development step, and post-baking step. A detailed



5 been exposed to light is dissolved away. In this case, that part of
the resist which overlies the front surface 710 of the second region
712, which is desired to be subjected to the renoval of alkali ions
(hereinafter referred to as al kali renoval treatnment), is exposed to
light. On the other hand, in the case of a negative resist, the area
whi ch has been exposed to |ight remains. Consequently, that part of
the resist which overlies the 10 front surface 710 of the first
region 711 ich . esjr be. subj ec { kal i
éxgrxn%thqr{ is ?gﬁ)?l%wg r%esg‘.t }]}%&H% aﬁpﬁg&{i ﬁ) thg Qhélg_fro ﬁ% acéajif() cff )}l}e

removal tré EXpOSE% 1S Ca sequent

the glass gﬁ?sg 0!Gt F%ﬁin%gﬁf g s%x@hﬁga%%ﬁ}f el 2 isgpﬁpﬁegﬂyfe the Fesist-

devel opi ng>sol ution to renbve ssary p
d I t cie Iy I : i : 1 t i St
i or dor raeiel Al sl €2 b o GARkEE 485" THEAA i£16a

I t, : sty t i i t
urface 7GRl IR AtUR R A6 e Gl AFfocl e QUL e fn hhN
subj ectsed geoy, %Qﬁs@él K@ hiight r?rﬂf;éeaivga @%;t.nqﬁf(misac%sé h&aéef{bahnoﬁg resist Rhich

Techni ques for e step o ormng a mask on the ass substrate are

not |im tegdefiRs BROtR bi-RRENBPEYhe MeBndRYioa! 732, PEcHRIR IR to be subjected

nanoi nprinting or an easier 20 technique in which a tape having

excel | ent {heRd r@hiovah8Mhikali i6R(heMBRG refereh t83s Al remeMl| Rdmieab! an
tape, is applied to part of the glass surface. Subsequent |y,

an al kal i gxpodey & 1ifHt € DAY othd haRl) Gk eskeiof a WogLiNe Bdskedlthe drédwhidk Ras
renmoved fromthe front surface 710 side of the glass 700 as shown in
Fig. 3(0) Hesd expoesdDp.lighxermaims Obnseqehtly,qhte Haft of tHehresigtlvadh ovediwo vl
treatment include i mersion in 25hot water and exposure to an acidic
aqueou® sdtramt isaface€71§.of theilfifsrégiorn@l i, whiskdisomt ldesited tod®i ghpjeotedlto the
acid, maleic acid, phosphoric acid, citric acid, a m xture of

hydr of | uorallaliaemdva mdatsaehf, is exposddytd lightindhis caseor Subsaiuentlpahel glags 708

m xture of hydrochloric acid and nitric acid) or to an acidic vapor
(e.g., hydvlogehessuiéngoes Ge espdstugrio immens¢dingaddvelopimgohlutigh to Emevaklieal i
renoval treatnment can be conducted: by inmmersing the glass 5 700 in
hot wat er unBgoesrgryaparieofpbe sasist edevdlomueny stepX: orlhy gfses THischenalinsted (pasom
20 mnutes to 20 hours; by imersing the glass 700 in an acidic
aqueous sdRKNE SEPhnArdY ta TEppysitherringe ysedwsy the developmenp et Wred BFulhfom
ordinary tenperature to 99C for a period gf about from 10_secaonds to

1 hourl®” ore$y 78% pba Prectine layprais dormse op dhexfrpnt SHOipcend] 8ro4 th st resin 711,
hi gh- hum di.ty at npspher, avi,n hum dity of 60-90% RH and a . _.
e e itichy R St To b Srorck L kAl rethniak regteny 3 M9vaapic o

this aIkaIiBreanaI treatnent, alkali 1ons (Nat ions in this
enbodinenfg %resent near the front surface of the glass 700 diffuse

her ef ; in.i .S h ' h

2" Tar st 1 or 1 ont ngR for e 6P RE it d BEl op JhE et PPt o™
t il - t i : i -

L1 cat mont SHEIR0 PRORIRRRRAE' RSP oY KE R AR nebrRRRHAT R Wemier

700. 'zgagg&gh ié%ﬁﬁﬂ%%ﬂa@ﬂxg}e%@éfeﬂﬁ%?or éh%ﬂﬁﬁi Asfehcd Rath e kRNS

whi ch I TTused away ‘gener y cone 1n to thereby strengthen the

gl ass sur AR Kdphr@l is3pbicd 1 phA®f Alledlsé su-pppval treatnent, ions
smal l er than the ions which have diffused away cone in to thereby

render the glass swystq@RfilPlahiallaf reth&l deitindh i¥ cotdiBted ik dhich288RV@s
treatment not only causes alkali ions present near the glass surface
t o di ff userevempvéd s iicofand sir (26 780 Sife 6f 6 8Risd TUD [UASWE Br Fig, 3(c? (step
Consequently, the region which has undergone the al kali renova

treat nent 630 ERemplegodechtiged’ Bate nialitesiovLy] aremidie irkludalimmeaisavial
treatment conme to differ in glass thickness as nmeasured fromthe back
surface oot Wateghmb&podiretehn addictdyeecas eslotion . osulfGiie avild] Bytrdvhoric




Incidentally, the term"al kali renoval treatnment does not exclude a
treatnment in which alkaline earth netal ions also are renoved.
5Subsequently, the resist 730 overlying the front surface 710 of the
glass 700 is renoved with a solvent (hereinafter referred to as nask
renoval step; step 640). As shown in Fig. 3(D), alkali ions remain
around the front surface of the first region 711 of the glass 700,

whi ch has been overlaid by the resist 730. The front

surface 710, qgfoxsﬁke eIZOandf 539598%}? Sgbl& kt?tr1'5:§§%d?]tg rg%%r@%f hpq;%ﬂuorﬂco

removed is |§he using*a ng ma er ei na

referred t glda&dpﬂlfuﬂg b]&%ro% folfic, &&&h@%&)ﬂ or a ixture ()Aiilﬁ | Scﬁﬂibritcha%ld and,

pol i shing step descri’ ove' nay consi 5t of one po ing step, it

may i ncl uggtvweiPobi $hid ﬂgaﬁ&@p@g Fgé.g.tn gp@ﬂggahlsnﬁdét&ps ﬁlaiolﬁem& as)

pol i shing step). "The polishing 'ng two polishing steps’is
expl ai ned (heliong). 19HO6IKkh rréﬁo@@kkﬁmeﬂgcﬁtﬁeocdnau&wgﬁcﬁrﬁﬁ’erﬂﬁ b Mk Rass

pol yur et hane foam as a polishing pad. Polishing co tions 1nclude

use of sa PRbiiShbtNeat&!HElhY aktddsprtil @ 6EOHUNTR% pERoPEIhHRE M 80 mirhQ
gl ass substrate which has undergone the first polishing step is

i mrersed S4100@&SEMS/ Mlmmﬁ%ﬁ@@mg?@cam% dfdicaguesisrselutid@ h@RBEAbH dpyr e
wat er, | PA (isopropyl alcohol), and I PA (vapor drying) respectively
to conductor ivirase AitémSdr@aRi dfgroalodidrytfeipB@ture to 99°C for Sp@RicifeBblty,

t he polisher of the sanme polishing machine as that used in the first
pol i shi ng f&iepo issconéploat douryvot by axpdsigithé elapo¥i0stel nlighaémperature high-
(pol yurethane foamy, and this polishing nachine is used to conduct

t he secondumidiiyshinngphstediaving athuenidityeqt @ 90% Ribandpolemphriatuge 6H&)-1a0°a
surface. The second polishing step is conducted for the
pur pod€ offorpmpérdi efgfrethd fduatto fblidays urlh due albbli aémedl trmattnket, Bikek fons
polishing step to renpbve cracks without fail while maintaining the

fl atness @Natioas imihis smbmhmenthmsm nedrt the dioat srrfacoof Ser flass/ORiffirg a
surface roughness reduced to, g.,,about 0.4 to 0.1 nmin terns_ of
ari t het i éWAe dierefony audyRioEss If Regme insingteado| Siwe it BT donr Jas aafapsmpliaii ng
slurry including colloidal-silica abrasive grains (average parti cI e
di amet er , 1950° FAIUS Fhag ARG Na ripn.frmesssise elFess &ew@atresq“}ﬁugh polhrlaarsed biray

o ot quc%ﬁ%nlé %ﬁén%lem&agrdtm%fgn%%f éﬁ%%&%&%@%‘gé@ﬂéﬁ%&%%@ i ng
525 L 378%&‘%9&5%53? ; Cesg' iR Fetslhestsy oo JikeS” IS ﬁsﬁg&”%&ﬁﬂwe
CRYLM9) | SRRRE V) denteRs SRELE o M d SRR BOPRR Y ERE. Ol et ¢
under gone | 'L%%aﬁi' bt &rgmveﬂ! ST e RO LRl TG, BEGRL L Lhar

t he gl ass of e secon reglon Has "un ergone

renoval t ﬁt?etr g}rler @% SaII'fT( a%‘fmlelS I c{ie%lia'llg NGB LR A ORESal rEin tas S

1+
t hi ckness 0 serveydr [T renova atnment is reverse

Narely, Qg Sy effes MEHIOBn présentiiéas '@hehg%§ss %M%QQ QRO Gway hﬁfe'fro val

treatment, cones to have a Targer glass thickness, I1n terns of ass

t hi ckp@ssaRs HHRRSULE Jurfdcem c&ese@ﬁﬁh SthE frégien Qfhidh 8ag h&fe'égonk had atklaﬁ

first region 711, which has not undergone t he al kali renpval

tr eat MeNt renafabliefert AndFti@.re@bfivhich has not undergone the alkali removal treatment
come to differ in glass thickness as measured from the back surface of the glass.

Therefore, the second region 712 which has undergone the alkali removal treatment has

a smaller glass thickness, in terms of glass thickness measured from the back surface of



20l n the glass 700 whi ch has undergone the second polishing step, the
al kali ion concentration of an area near the front glass surface of
the second region 712, which has undergone the al kali renoval
treatnment, is the sane as the alkali metal ion concentration of an
area near the front glass surface of the first region 711, which has
not undergone the al kali renoval treatnment. The concentration of

al kali nmetal ions can 25be determ ned by exanining the gl ass surface
by X-ray pRhat pact r
chem cal aﬁ)gl %Ssq%@sgi‘&) ?ﬁ%ﬁg&ﬁ?%e‘ﬁ 1%1&%?3 oﬁl ofcﬂ BH%}E '% tHie %19@??%%%%2%
al so be de ed froma line profile obtained by exam ning a
section of the glass with an el ectron beam m croanal yzer (el ectron

brobe i cr oanal ¥ atcilEM) nSlihnd PEIKIE RAGAT bR 0kl AR biehlte

processing of the invention front surtace of the region whic

|5 subj ect el Gnith iblind &R YRkal [GR AsTRUreidRgONd region 712) i

eroded and becones brittle due to the alkali renoval treatnment, and

this region 712 caiBseqh&hl aﬂaerélssmmrr n 'Mﬂ&ﬁ%uﬁf&%%b%?&k%%!s@'?oo
whi ch has not undergone the al kali renova treatnment (first region

711) . HoweX@émovelivath hédeRt@ereiiial fe@ehiidad Bask iOmb e Slepefep cmoP heas
subsequent polishing; the region which has not undergone the al kal i

renoval tragwieRFig BID)silkdRBhofmAildroeBs fibs siAN@ oF kst Rfion 711 of

t hi ckness than the region which has undergone the al kali renova
treat ment thegeEhO; @bich has/te2n otvetladigphtht kaisp?d0. shi ng. Thi s phenonenon
is attributable to a finding made by the present inventors. Although
t he mechani sm of tlhe fphenofieadh0 bitheryidss Fo@ froml which slicedsisit 780 has been
following is 15 presuned. The regi on whi ch has undergone the al kal
renmovall t rrembwehis t{eagobshdd neigg epolididyg machine (héreinsfiatrefetrbdto dstpelifhimgnt
surface thereof has been eroded and beconme brittle due to the al kali
renoval trstept septs0)and this regi on shows el astic behavior in the
subsequent polishin resulting in a difference in polishing rate.
Consequent |y, the Mggmbnﬂlmpbﬂnmetem gescuibriletbgun may trengisticd] oane pelighing
treat nent gfl rst region 711) is {)ol ished in a |larger anount wth
t he sl urrsten it maysin e%‘f“@sr@élﬁlrlas ﬁféEF g polishingciterf andesgeqadipalishnens s
obt ai ned through t he rever is fromseveral tines to tens of tines
the gl ass tiiEERADEE %ﬁﬁ‘f‘@P‘i‘ﬁ&@”‘f%@ﬁbPﬁﬁﬁpﬁsﬁm iR aw\ar. r enoval
treat nent. enbodi.ment . descr i bed ove onvex

porti dn was formed’f rﬁrfthaolegegnﬁen dyicondures uing 4 eaetbrnet a5 &
i 711. th f.t bl e al
oo he LasonRAR N, PRt iR inc b G54 A S SRR AR g wsfind 5

Ir ggle(r)ﬁoiigo ba% Smgwgr cFi{. %ts sal%tr%tef\i'hrc% has%%dtg‘gor?eltﬁe ?irsq pohsthmg s(?ep

is immersed successively in cleaning baths of a neutral detergent, pure water, IPA
(isopropyl alcchol), and IPA (vapor drying) respectively to conduct ultrasonic cleaning

20  and drying.
Subsequently, the polisher of the same polishing machine as that used in the
first polishing step 1s replaced with a flexible polishing pad (polyurethane foam), and
this polishing machine is used to conduct the second polishing step as the step of

mirror-polishing the main surface.



In this case, a resist 730 is forned on the front surface 710 of the
first region 711 and third region 713, which are not desired to be
subjected to an alkali renpoval 5 treatnent (see Fig. 5(B)). This
glass 700 is subjected to an alkali renoval treatnent to renove

al kali ions fromthe front surface 710 side of the glass 700 (see
Fig. 5(C)). Subsequently, the resist 730 overlying the front surface
710 of the glass 700 is renoved with a solvent (see Fig. 5(D)).

Thereafter, the frgnt surface.710 of th l,8ss,, 700 fro L,eh Lh
oot 730’ has. beerteretyenti s semoky 1 nd B Tt I e
region 712, 10 L.ch undergone .t he al kali_renpval, tr .
Conest o nEEB WL Bty HLORIARORHEEe deklo rrSTE Yl LERUT yhie
third regign. i V. of. . one th alj_r [
treat nent. A Ebiios S SR K R MRS fonshd Sl SRR naving
(see Fig. I [ (S f.0l o n c

as in the 53]%%)%for%lgﬁ?etsgg@@?ﬁ@dgﬁb%\?@m‘ﬁégfolflo}r%qgl}? ace OP &?ﬁgc l?lggd?on
whi ch is subj 0 AL kaldy e t ideSEARNALRG On
712) i ssser%g%lgﬁgsﬁg{%éc%?ngsp%rgpl?lkl e dué ﬁég}ét & %Waﬂ?ﬂidleﬁya{a Sifisd
treatment, yand .t fhss (SRR phtR1CATRSIL, SO Or ralTB il R WateP§s Sscihan
the regions wnich have not “undergone the alkali refroval treatment
(first reofg@pdiishim@nfayt bl dofl dbcRa Bfler’d Rad omwg/ﬁﬁf 31 Solishihg kBe&Sof 5
relationship I's reversed in the subsequent polishing;” the Tegions

whi ch haveppgtesundergone the al kali renoval treatnent (first 20
region 711 and third region 713) cone to have a smaller thickness
than the regi on WThe hpliessubsichey @@ hixe udddi@ine theneystld bsIRRIEEMp is
(second region 712) through the polishing. G ass Fig. 6
IS a perspetidrisd sticessivélly Uiat cladnimg bhthe ofonsleutalt deddrgadt, pugl waker, giPass
- 25produced by the nethod of glass surface fine processi-ng of the

i nvent i on.(isep@pylialtchol, amsldPRAi (vamlr drvyisgy redpewmivetly @ coadict oltrasdiiadleamthgdy
cutting the slide glass of Fig. 6 along the line A-A. Fig. 8 is an
enl ar ged swhehpingc Wi tbw wilishing spar the2fl@ssaff the dust Zegiom (7o Lmetkidh Wbiag ot he
broken line, the view s_hovm';]ﬁ the state of surface ions. Exanples of
t he sli de widergend thelallddl ramnoval isstrent as polished siore deeplyutam disgleos ioff itleat e
gl ass, soda-line glass, and borosilicate %jass. Especially for use in
bi ot echnolssgppdiregion V1% gvhilides gndergnne|tha@kalbigmosil|tiegtment. g | Assasrepdt, the
preferred. Borosjlicate glass may contain_glass cgonponents which, for
exanpllé, irplationshiprenossming elass gyckngss7obsgrveatier, thy alkaligpmpvalidreatmeah i
0.01-1%of AI2Q03 in terns of % by mass. I n_the case where a slide

gl ass for &&&eln Someediecrpdareaion {1¢: Bﬂhéi%‘u}&?édm%i”tgo’?es'ﬁﬁr"élfaé‘r fegrevalo
to regul ate the content of Al ﬁ03 sgl as.not to.exceed 0.1% nass,
because t HE¥HRE CINMEr QalVE 7 B BPFeHURES: I IS o &las BPdPEso® to
Al 203 content . i sible

The slid | ass has .a i,ght.

fr anam ¢t RS} EaPe Pat §BEsOb A BReltas P orRRE 1 eV ihde ap
the slide gl.ass i ferably 1 51-1. when.. ured with the e-line
(526, 1 nmy 8 eas B REP ety S MBI SN T 0 Fi 6. 6. the
slide 2%' ass 100 hﬁﬁsthg gﬁats? R0 arﬂfcﬁ‘l%%g ux]i&'ng&%qh@‘sng‘gA( polishing step, the alkali

ion concentration of an area near the front glass surface of the second region 712, which

has undergone the alkali removal treatment, is the same as the alkali metal ion

concentration of an area near the front glass surface of the first region 711, which has

not undergone the alkali removal treatment. The concentration of alkali metal ions can

25  be determined by examining the glass surface by X-ray photoelectron spectroscopy

10



surface 120. The front surface 110 of the slide glass 100 has a
concave-convex form ng region 111 and a peripheral region 112. As
shown in Fig. 7, the concave-convex form ng region 111 has convex
portions 210 and concave portions 220 whi ch have been fornmed by the
met hod of gl ass surface fine processing described above. In 20 this
slide glass 100, the difference in | evel between the convex portions
210 and the concave portions 220 is preferably several nicroneters

near the 1REit cBayateest e R e arty B P T o T S R B2
as the a h n?étalt 191?5 @Ankﬁéd be 8 rgeﬁt fr&ﬂ hagi\%lnaﬁIGﬁiﬁ%%%%ew@hé{agﬁﬁmg a

surface o @ concave portlo

concentra

phot oel ecturmglﬁnggteh%ﬁl%é kév(l)tggn grE Et\?\n&} %eggﬁngrd%n?%g%l%@ or %ﬁé@zer ’as
stated ab gﬁgln0|dentally, t he concave portions 220 each are

intended to 'd a sanple to be exani ned. Al t hough the
sli de l ass 100 spowm n'xéi'hcﬁ'&Cgl@ss"k%?fa&chf&eﬁfo@&gﬂg%f(tHé)Hﬁé‘Mﬁ)nPQ{etfr&ﬁs)
for holding a sanple, this figure should e construed as limting

the 5 NUNREEacOTof BCHgIBR WhANSs BREHQNS thd mkalﬁr@ldmt t}@afm&& (ée@bﬁdsx%§fbﬁat
t he nunber of such concave portrons is not limted so |ong as

or |arger 71dtis kfodpd 8iEhdcBRed Bidile S tAMERIIAL r@lﬁ@@a@%arﬁleﬁtt b his2réPion
should be fornmed in a lattice arrangenent at a pitch of, for exanple,

100 pm Fgr1 beneofochavald SR tHEkhessOMsn Yl Hgidh GIEEOWA hdd WnB&gone the
schematic view of Fig. 8, the alkali ions sﬁould not be construed as
bei ng | i makel§l rérfoPidtredthend (st telgions7id ). meMbweven)f thizotifckRest helktigishipris

ki nds of alkali ions (e.g., Li and ICions) are possible. In

addi t L1on, rexkisbodirg thet dubsesiobre realibldngy i thevregio-iadlichGhas mowanddigdne ahd ylkahe
to two Na+ ions are present in the surface of each convex portion, it
i s a mattemohl cotmee (fitshtegidne’ Iduindmees tofhawd k amnilldr almiskriess than tHei mgibed.
The slide glass 100 produced by the method of glass surface fine
processi nghith les undergpmey thet dlkeli rraovah treatmantt Gepond ragiom 742y thréugh the
formati on of concave portions and convex Portlons by the nethod, the
slide gl apdising. b@hléagmoweém isiaftibutphle s finding medsbinthe presentdunenton. e
for use, re ard] ess of the size, because the gl ass has undergone no
chemi cal shReavghMeermerbanismaf thephenomenoghes a@ttbeem ﬁluﬁlﬁ@ie@)dh@/f%lp}”é’rgdﬁ
techni gue for glagss surface fine processi Pere has been

possi bi | i P§S E,fﬁ? PR gth lilhéa%lm%ég @% aljpafi ghemopal tmtrﬂwn@%qoaﬁlm of

f ?ﬂgaﬁfoﬁggé'ﬁnﬂ%i 6 09 R 8 COnE BRI hSRo s Bk Fagrerga become
t t t h b t h b
b bar or btk 408 o € Bk 563&@&{'??3? (3 el ih%iféﬁ %Efihé@éﬁ‘e'ﬁg

t he formation of CZits ave 9 conyex

Subst r at e peRu R ORRRL -t BS ARG NG 802 clRrpnfaly
(11 ustrat g, ORCIRS Yol UhARR 8T 1R AP T RHEP LERhEnl Ry ARG 1) 6 o

produced he e surface fine processrng o

' nvenﬁd On%oﬂ: shélt JnJaQallng.Ih%ﬂoﬁQ lwfi’thqgéjslﬁl(f{;'.e MR hhCoekh gé’t‘fe%mé’ﬁ $5ChE ABterence

obt ai ned by cutti
in thickness obtained through the reversal is from several times to tens of times the glass

thickness difference resulting from the alkali removal treatment.
In the embodiment described above, a convex portion was formed in the
second region 712 surrounded by the first region 711. However, the method of the

25  invention is applicable also to the case where a convex portion is formed in a second
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5 glass substrate for magnetic disk of Fig. 9 along the line B-B, the
view showi ng the state of surface ions. The gl ass substrate for
magneti ¢ di sk has a doughnut shape which has in a central region a

t hrough- hol e extending fromthe front surface to the back surface.
Exanpl es of the glass substrate for magnetic disk include lithium
silicate 10 glass, alumnosilicate glass, ahuninolithiumsilicate

gl ass, alum noborosilicate glass, soda-line glass, and borosilicate

| ass, " al um nobor osi | cat e |ime gla t ,
amor phous. FRRi2 TRBR bR InEh SRR 8 LR T Sl ARG Tn,

case where :-fpagpetic |ayer which is anorphous is to be forned
on the glaggﬁﬁgﬁyéﬁglgss preferably is an anorphous gl ass. For

exanpl e, one al um j.cat.egl i :
el udi g 57- 74% of 18 035 0o 90 SOORNGI: fRyAan PRE Y Jeaion

Li 20, and 4r114% @frd Negbn b@,?\ﬁ{iﬁg?ﬁfnog/%wrem% Be sOV)OLELLS an alkali rem})val

al um nosilicate glass contains ass conponents i'ncl udi ng 50- 65% of

Si 02, 5 15%ghef(283i 2 %51?)% ofnidNaZE 708 199Rkcteli 46 G aRarPrea¥af trd¥Hidnt g 8%

d
of CaO and 1-6% of in terms of % by mass. d ass conponents for
obt ai ni ng R_EBVIRIKXRUASSHERARE Bnl hiPfAc7R0 Sfde HFGRE Elasd MU 5&@@ F?§ 5@%65%
of Si02, 0-15% of Al 203, 4-20% of Li20, 1-8% of Na20, 0-21%o0 ]
0- 22% of dpquenthl theaksidNZ08 overtvlihho frodi faccN® SO RT70TiORmbied
terns of % by nole. As shown in Fig. 9, the glass 400 for nmagnetic
di sk has awiiti @8bdlvaiirfea . 410))aANThaecRE khshisitaadact2Q0 of it dl481700 from
surface 410 of the glass 400 for magnetic di sk has 25 convex portions
510 and cowkialv ehepenidt 700 hasHie0n vdrovbd igpetisiieden Ak aresall, thy séchad reglondd?2, of
gl ass surface fine processing descri bed above. The difference in
| evel lfiet weldoh thae undergene por dlkaihsebd@l dredintdne cmmsatwehper 4 iloage BRAG i s
preferably 10-100 nm The convex portions 510 are in the form of
circl es whhichness thap ¢t firstiegioni 71 tahe thiidrregioh &l nwhich haiernst tndereoan the
have been concentrically forned at a radial pitch of, for 5 exaqyle,
100 nm  alkali removglrfrepteeny| o Soun@® pooionna dikstfpunedt iwkthe s¢vend ragiont 715
the al kali conponent in an area near the front surface of the convex
portions 53 Fig al(Bbst In Hhissepse alse. dhee follpying phenanraon| aeawss asoipdivent
in an area near the front surface of the concave portions 520 as

shown in FEmpodurent deseribadiabpyset jTae frentsurfaeryMibseeion vich is gutjecisdito the
Sr Tt gt R R gAEael R FeEion 71Ot ST 2k bGEmEn 51 B A e the
Dot o o weny v ORGP b T s e BB pen
et | ¢ PRABRATRSE PaYL RO DR the kel BRpE e But RS} heie Ty
be - made o I SRIGACAIED MEeie? (i3 e RATRA R R Otk BARL surfilefi™”

(Co) - bas eﬂmfiﬁﬁ{i,e?ﬁ?%g &S TRELE rtha! Potl 6n(§1ie%fzﬁ§) R Llﬁ%lg%f%lﬁtﬁl\gj g:reét%‘émr galeor m

a rragneti rec ayer cons ut e r con

oP! aLdiowm ((LQa-td re ﬁhfﬁ]@%&ﬁftg a%&&dﬁl?g ﬁ%im@ss?l%ﬁ%ﬁér& gfé Ldm

cobal t
(Co-Cr) fertromagnetic materia gi ve coercive fo
has undergone the alkali removal treatment (second region 712) through the polishing.

Glass
Fig. 6 is a perspective view illustrating the constitution of a slide glass

25  produced by the method of glass surface fine processing of the invention. Fig. 7 is a

12



20 a technique for formng such a magnetic recording | ayer, DC
magnetron sputtering can be used. It is preferred to suitably
interpose a prinme coat |layer or the |like between the glass substrate
and the magnetic recording layer. As the material of the prine coat

| ayer or the |ike, use can be nmade of an Fe-Ni alloy, Fe-Nb all oy,
Fe-Co all oy, Ru-based alloy, or the like. A protective |ayer for
protecting the magnetic di sk agai nst nagneti c- 25head i npacts can be
fornmed on ' ' I -i f a '

pr ot ect  veTyar ek shiuhE A EHRBHAR Ly eI U EE LIPS alole he

Furthernmong,. @4 qu’i%.cfiafsiaﬂgenl e%s}c/:ﬁ(giga?#ci Vielh g@l ]'%fp[ P Fi%.t? surrounded

t
(perfluoropolyether) conpoun ornmed on e protective layer,

uher eby | e e GRIERIIAE IR LGiRPABShlcorGHapd. the magnet | ¢ di sk

can be mtigated. This lubricating |layer can be tormed, for exanple,

Sthrough coating Ekmhsle@PRifi Cafel 0QlidY %ilaegi NPeclude  aluminosif6Or diRg t O
the gl ass 400 for magnetic di sk produced by the nethod of gl ass

surface fiJNgniRbRzesHdattdslads géa%-iinﬁbvgaési, WY bt SGERL Blabd, ATKSechA Beuse
formed in the magnetic di sk. Interference between”adjacent récording

tracks cannhgefehddogd’ eMenigd DAt Aithe alkel NotRARBtel Blak£GOT pheRered.
density. 10 Exanpl es Exanpl es of the nethod of gl ass surface

fine processbsigan glhsemdynacnndin eRsAERnRRtaWARH, REleRihplEXiatle9d-95%
15First, a glass which was alum nolithiumsilicate glass was

prepar ed. of8i®,, G786 sf B, POL1Y% BENa0, tahd 8.0¢ €04 af &1,05 rytefifis of % by mass.
colloidal-silica slurry so as to result in an average surface
roughness Ih dwetsd hizate 4 6lidel glass farhse ijusnthesizing a @NAE s predjiced) ivva prafasided
with a Kapton tape. At roomtenperature, this glass was then i mrersed
for 300m nutesslaenthamont2t cfople@uso as hotito eacded 0sléh by inmass,regalsatledglss as
- to-have a pH of 2. Thus, the region not covered with the nask was
subj ect ed inceases inbiserbedreaienaaiountistovertion th Aliheontenfi on not covered
with the mask (the region subjected to the alkali renoval treatnent),
al kal i ions diffubkaslidaalpss hasrm vasibladight tranamitiahes of|pseferablyP0%cew highgr.
this surface was slightly eroded. As a result, the region which was

subj ect ed The fehactiedadsx Hfdhpside daseisnrearablyanl-1-63 whge measured with the
e-line (546.1 nm) as provided for in JIS R3703.

15 As shown in Fig. 6, the slide glass 100 has a front surface 110 and a back
surface 120. The front surface 110 of the slide glass 100 has a concave-convex
forming region 111 and a peripheral region 112. As shown in Fig. 7, the concave-
convex forming region 111 has convex portions 210 and concave portions 220 which
have been formed by the method of glass surface fine processing described above. In

20  this slide glass 100, the difference in level between the convex portions 210 and the
concave portions 220 is preferably several micrometers. In the slide glass 100, the
amount of the alkali component in an area near the front surface of the convex portions
210 is almost the same as the amount of the alkali component in an area near the front
surface of the concave portions 220 as shown in Fig. 8. The concentration of aikali

25  metal ions can be determined by X-ray photoelectron spectroscopy or with an electron
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25a smal l er glass thickness, in terns of the glass thickness nmeasured
fromthe back surface of the glass, than the region which had been
masked (the regi on which had not undergone the al kali renoval
treatnment). The gl ass thickness in the region which had undergone the
al kali removal treatnment differed by 20 nmfromthe gl ass thickness
in the region which had not undergone the al kali renoval treatnent.
5The Kapton tape was then stripped off. Subsequently a

o L 0 B 0 SRR, WAl B

As a result; the regl un ergone

t he alkallpkg§¥#gkﬁg reggﬁﬂ£mﬁg§%BQ&iShed in a Iarger anount than the

gl ass | ocal nad undergone the al kali renoval

treatment. As a rgﬁﬁﬂﬁ%h hR&ae! %ts P56 B 1110?% B3G5 @l%.r@g r%li conca\aa by

t hi ckness observed a the a rennva at ne erse

the polishij ?t%nsj\lm(}{dm% @eﬁggggé %Sv!q E@.‘qida’ﬁ‘é}f b reg tﬁ@@%stﬂhﬁtltﬁéllﬂ?é'

renoval treatnent cane a sna SS t ness t han

regi on swhigh japds Wndledaens pdoR! Kalik aﬁﬁiﬂéi’%k cBﬁr?@EHEFEﬁe nuﬂﬂfér %lf%t’ic%
t hi ckness 1 n the region which had not undergone the al kali renoval

treatment @hifermpid BhRHLIARA EHnl&{gOéB iths E'o@ﬂ&r erlS It i pleh@RA fhbt

the region which had undergone the alkali renpval treatnent It was

ascert ai nggcthripatar cbseadé mﬁ%oﬁpmm&lm RimaNindd Raicaedfanidhend ks Bitch
surface in the region i ch had not undergone the al kal1 renova

treat ment dﬂa&rté&@lnﬁ&WEOﬂﬁnﬁ hermgihastore,0ahosEH INaN i6ds adly ar€ahaadin e
gl ass surface in the region which had undergone the al kali renoval

t r eat ment .scivagic wiew 6f Bigss, tieudiichlitibad shatldant be@npaled 2b beigg litied &l Wall |
ion 20 concentration of the area near the glass surface in the region
whi ch 1fad iomt  ltrislemgmiee of dvarsel thatldther &indy af alkaleanméng., Mt KE ismsiareas
the al kali ion concentrati-on- of the area near the glass surface in

t he regi ompowibleh hadditivdealjongh theeschtrkaic viewe mb\Fad. & steatsnbatton]yExmnpl e
2 The sane glass as in Exanple 1 was prepared, and a
region in twnéiagIltaﬁgrwmsezs1mtb9@nré@tewftehphaconmmm@rap@manmtwwéme

manner as in Exanple I. Subsequently, this glass was
i mer sed ﬁ@ﬁﬂEUWﬁﬁﬁum@%hﬂhoﬁﬁSBQUE@ﬁﬁrnltrlc acid solution regul at ed
so as to have a pH of 2. This imersion was conducted at 40C as

di fferent from th&he slﬁle Blasiprreduced b the ethedefi Bes senfacs dipe PECHiEh
Lhe ﬁ%ﬁe%?zgﬁﬁ‘e%fﬁniﬁast% A vgﬁ'@‘é%}ﬂtaa%gr“{@'@%éﬁz‘?ﬁa&”éonp&%ép&w%”p' ©
treatnent, al kali s d|f q? M@l ron1 n a a near the $
surface afoeRi grtgoe}ﬁ f§ GHidF last e %ﬂﬂragmeeesqﬁ%e iiﬁméss
t hi ck t. d t
Tt oo staf puiBleLfS ﬁeﬁegﬁgﬂﬂﬁfﬁ%ﬂﬁ% He §f%§%e%9§fé§@§ Bhdert a0 heynisal
tape was ¢ %ﬁth!?l%%&%@ﬁﬁ £ ¥, | rsﬁ"é"é‘r'ivenﬁona ehhiqud B e oI
|1 dal | t 1.

o s nor Tk b Rs il %ué‘f?? ag%or oSl B LGAOLRRR, dc' QubiBPE T
f

rom Hhe W&Jﬁ Q%Bﬁaﬁ&%ﬁ%ﬁé‘%r%’on@t %eﬁogﬁ@stmlghh&ugé 49%@&&93 {2

the region reana at ment was
pol i shed iffe FrdcBEHfy teBIRURL int ALk 4 BRendbASHengthening treatment. It has hence

been necessary that a glass which has been cut beforehand into a size suitable for use

should be subjected to the formation of concave portions and convex portions.

25
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15 located in the region which had undergone the al kali renoval
treatment. As a result, the relationship concerning glass thickness
observed after the alkali renpval treatnent was reversed by the
pol i shing. Namely, the regi on which had not undergone the al kal
removal treatment cane to have a smaller glass thickness than the
regi on whi ch had undergone the alkali renoval treatnent. The gl ass

t hi ckness in the region which had 20 not undergone the al kali renoval

di ff b 0 f h I hi ck i h
Lreatient oot SR £00uM LS Lhe ol dss N chness 1 the
ined th ] | S . .
cscer ained Lol e o 3SR SAIRRSAL oBhgd oA LA RLot Bl o

ol acs. sur IS B BRakbE L0 o AR AE okt Bufice e BIAE orndE

gl ass surfac gl on wh gone enova

Creatment . DAk Y., pipl 19! QUG DAL Gl LRE b Slaiba MG ABIAL

ion concentration of e area near t glass surtace In the re

whi ch had pat YAJErORRSndNGiAkisabE FISTOMale &t SBE TRBL thafed REowARRLAS
of e fi

the al kali”1on concentration o e area near the glass surface”in

the regi onphiogRufad MHQerﬂ@”%%sts%b?&a@Hr_ rhiﬁ‘%ﬁgé{@hiskrlﬁéta %m%ﬁ?écﬁ

3 5Anong al kalt renoval treathents, especia the leaching in wh

a gl ass waghitiARY sesl célﬁra@'i‘eg"i’&i. Qiﬂﬁoﬁé}ﬂhﬂlg eX@adif &h@d Rk surface to the
relati onship with glass composition, imersion tinme, tenperature, and

pH. back Rirfaet., four gl asses having the respective conpositions
shown in Table 1 were prepared. In Table 1, the conpositions are
shown in ternms of EXaylesrof the gldd kabdtRtelfodnisetD Sigk McRRIZ [BiGhCGaRate

10  glass, aluminosilicate glass, aluminolithium silicate glass, aluminoborosilicate glass,
soda-lime glass., and Borosilicate giass. -However,- aluminosilicate glass is preférred.
Furthermore, amorphous glasses and crystallized glasses can also be used. In the case
where a soft-magnetic layer which is amorphous is to be formed on the glass, this glass
preferably is an amorphous glass. For example, one aluminosilicate glass contains

15  glass components including 57-74% of Si0,, 0-2.8% of ZnO», 3-15% of Al,Os, 7-16%
of Li;O, and 4-14% of Na,O in terms of % by mole. Another aluminosilicate glass
contains glass components including 50-65% of Si0;, 5-15% of Al,O3, 2-7% of Na,O,
4-9% of K70, 0.5-5% of MgO, 2-8% of CaO, and 1-6% of ZrQ; in terms of % by mass.

Glass components for obtaining a high Young's modulus (100 GPa or higher) include

20  45-65% of 810, 0-15% of ALLO3, 4-20% of Li;0, 1-8% of NayQ, 0-21% of Ca0, 0-
22% of Mg0O, 0-16% of Y03, 1-15% of TiO,, and 0-10% of ZrO, in terms of % by
mole.

As shown in Fig. 9, the glass 400 for magnetic disk has a front surface 410
and a back surface 420. The front surface 410 of the glass 400 for magnetic disk has

25  convex portions 510 and concave portions 520 which have been formed by the method
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of glass surface fine processing described above. The difference in level between the
convex portions 510 and the concave portions 520 is preferably 10-100 nm. The
convex portions 510 are in the form of circles which are continuous in the
circumferential direction and have been concentrically formed at a radial pitch of, for
example, 100 nm.

In the glass 400 for magnetic disk, the amount of the alkali component in an
area near the front surface of the convex portions 510 is almost the same as the amount
of the alkali component in an area near the front surface of the concave portions 520 as
shown in Fig. 10. The arithmetic mean roughness Ra of the front surface of the
convex portions 510 is almost the same as the arithmetic mean roughness Ra of the
front surface of the concave portions 520. The concentration of alkali metal ions can
be determined by X-ray photoelectron spectroscopy or with an electron ray
microanalyzer as stated above.

In producing a magnetic disk, a2 magnetic recording layer is formed on the
glass obtained through the steps described above. As this magnetic recording layer,
use can be made of, for example, one constituted of or containing a cobalt (Co)-based
ferromagnetic material. It is especially preferred to form a magnetic recording layer
constituted of or containing a cobalt-platinum (Co-Pt) ferromagnetic material or a
cobalt-chromium (Co-Cr) ferromagnetic material, which give high coercive force. As
a technique for forming such a magnetic recording layer, DC magnetron sputtering can
be used. It is preferred to suitably interpose a prime coat layer or the like between the
glass substrate and the magnetic recording layer. As the material of the prime coat
layer or the like, use can be made of an Fe-Ni alloy, Fe-Nb alloy, Fe-Co alloy, Ru-based
alloy, or the like. A protective layer for protecting the magnetic disk against magpetic-

head impacts can be formed on the magnetic recording layer. It is preferred that this
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protective layer should be a rigid protective hydrocarbon layer. Furthermore, a
lubricating layer constituted of a PFPE (perfluoropolyether) compound may be formed
on the protective layer, whereby interference between the magnetic head and the
magnetic disk can be mitigated. This lubricating layer can be formed, for example,
through coating fluid application by dipping.

According to the glass 400 for magnetic disk produced by the method of
glass surface fine processing of the invention, discrete tracks can be formed in the
magnetic disk. Interference between adjacent recording tracks can hence be prevented

to attain an increase in recording density.

Examples

Examples of the method of glass surface fine processing of the invention are
explained below.

Example 1

First, a glass which was aluminolithium silicate glass was prepared. This
glass was polished with a ceria slurry or colloidal-silica slurry so as to result in an
average surface roughness lower than 10 nm.

Subsequently, a given region was masked with a Kapton tape.

At room temperature, this glass was then immersed for 30 minutes in an
aqueous nitric acid solution regulated so as to have a pH of 2. Thus, the region not
covered with the mask was subjected to an alkali removal treatment. In the region not
covered with the mask (the region subjected to the alkali removal treatment), alkali ions
diffused away from an area near the glass surface and this surface was slightly eroded.
As a result, the region which was subjected to the alkali removal treatment came to have

a smaller glass thickness, in terms of the glass thickness measured from the back surface
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of the glass, than the region which had been masked (the region which had not
undergone the alkali removal treatment). The glass thickness in the region which had
undergone the alkali removal treatment differed by 20 nm from the glass thickness in
the region which had not undergone the alkali removal treatment.

The Kapton tape was then stripped off.

Subsequently, a colloidal-silica slurry was used to polish the glass for 3
minutes. As a result, the glass located in the region which had not undergone the
alkali removal treatment was polished in a larger amount than the glass located in the
region which had undergone the alkali removal treatment.  As a result, the relationship
concerning glass thickness observed after the alkali removal treatment was reversed by
the polishing. Namely, the region which had not ﬁndergone the alkali removal
treatment came to have a smaller glass thickness than the region which had undergone
the alkali removal treatment. The glass thickness in the region which had not
undergone the alkali removal treatment differed by about 100 nm from the glass
thickness in the region which had undergone the alkali removal treatment. It was
ascertained that the glass composition of an area near the glass surface in the region
which had not undergone the alkali removal treatment was the same as the glass
composition of an area near the giass surface in the region which had undergone the
alkali removal treatment. Namely, it was found that after the polishing, the alkali ion
concentration of the area near the glass surface in the region which had not undergone
the alkali removal treatment was the same as the alkali ion concentration of the area
near the glass surface in the region which had undergone the alkali removal treatment.

Example 2

The same glass as in Example 1 was prepared, and a region in the glass was

covered with a Kapton tape in the same manner as in Example 1.
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5.0 12.1 - - - 3.7 - 5.07.7 Subsequently, glass A was

I mmersed at roomtenperature in nitric acid with a pHof 2.0 for each
of 5 mnutes, 10 mnutes, 20 mnutes, 30 m nutes, and 60 m nutes.
Thereafter, the depth of the concave portion forned in the glass A
(hereinafter referred 15 to as | eaching depth) was neasured.
Furthernore, glass A was imersed for 20 mnutes in each of nitric
aci ds respectively having pH values of 3.0, 4.0, and 7.0, and then

examined for | eacg &%ﬁ&% The Las M%sgc{ fotf ?%S,ﬁ@\%&%l Erggpf%h%o@sr ﬁmc

shown in Fig. eres rven in oW ng

pH val ues Vﬁ@fﬂhslolrl]ﬁ%rrﬁé%alieggg al -t hat¥ 2381 & yastighhest P& 5Jnﬁﬁét&papy

| eachi ng
40°C as different from that in Example 1. Thus, the region not covered with the mask

was subjected to an alkali removal treatment. As in Example 1, in the region which
5  was subjected to the alkali removal treatment, alkali ions diffused away from an area
near the glass surface and this surface was slightly eroded. As a result, the glass
thickness in the region which had undergone the alkali removal treatment differed by 30
nm from the glass thickness in the region which had not undergone the alkali removal
treatment.

10 The Kapton tape was then strlpped off as in Example 1.
Subsequently, a colloidal-silica slurry was used to pohsh the glass as in
Example 1. This polishing was conducted for a period of 30 minutes, as different from
the polishing in Example 1. As a result, the glass located in the region which had not
undergone the alkali removal treatment was polished in a larger amount than the glass
15  located in the region which had undergone the alkali removal treatment. As a result,
the relationship conceming glass thickness observed after the alkali removal treatment
was reversed by the polishing. Namely, the region which had not undergone the alkali
removal treatment came to have a smaller plass thickness than the region which had
undergone the alkali removal treatment. The glass thickness in the region which had
20  not undergone the alkali removal treatment differed by about 600 nm from the glass
thickness in the region which had undergone the alkali removal treatment. It was
ascertained that the glass composition of an area near the glass surface in the region
which had not undergone the alkali removal treatment was the same as the plass
composition of an area near the glass surface in the region which had undergone the

25  alkali removal treatment. Namely, it was found that after the polishing, the alkali ion
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Furthernore, the longer the imrersion tinme and the |lower the pH, the
| arger the | eaching depth. It was hence found that use of an acidic
liquid with a pH Il ower than 7.0 in the leaching is preferred and
that a glass having a desired | eaching depth can be obtai ned by

regul ating i mrersion tinme according to the pH of the acidic |iquid.
In particular, at pH values not higher than 5, |eaching can be
conducted without fail. The | eaching depth obtained at a pH of 2 was
at least 10 tines the |eaching depth obtained at 5 a pH of 4, and was

nearly 3 ti r%ﬁtr%tho% (Lfle_r]ﬁé; Pﬁeg% Efffé é’eg%?ﬁl&eq fid reg*ogmﬂ% ﬁaﬂ]ﬁc}t u%érg&rﬁus

ascert ai ne I'S nore

exam nat ' eva QWEr@ﬂmemfspﬁqe $O8L of BR gl%’pcﬁ)ﬁactoﬂée%tr%or{ thh@'rz]ﬁééai ¢

aci ds vvas mroom tenperature t

resul tant ngﬁﬂﬁ'@ GOGRrAle Ih'ﬁﬂe %&?wﬂr‘%ﬁthﬁd %Heg%%?tﬁ%ﬁ(a‘iﬁli{ggvaﬁ BelifieAbOUt
ten times the dependence t as measur room 10t enper at ur e.
It was thus foundgf he hi gher the tenperature of the acidic
liquid, the Iarger t eachi ng dept h. Furthernore, glass A

was U5§d to CO“dUR}nohg%néﬁrf&n@%ﬁ%&ﬁ%eh@“es pEtARthe tléh@ﬁmgfi’& bhh a %lass
hydrochl oric acid furic acid, and naleic acid was used in place

of nitricvagimeAsd f dmeRMid liquid RS txahihdTerRIBERAY Ffth BRSs M}bﬂhb@d

with respect to the dependence of 15 |l eaching depth on tine.

ot her hanﬂnmkﬂﬁm&@ﬁﬁugﬁ@ﬁh@ahmﬁ@Hwas conduct ed, except that each of
phosphoric acid, citric acid, and oxalic acid was used in place of
nitric acid. As aFie#sfiut ,glafsﬂ';@ Haekgl thenéspelapendpipositiods tpaahinnBabiept h
on tinme was about ten tinmes the dependence thereof as neasured with
nitric acwdre prepaneds ThTsble dpthe céhpdsitionaakishgvidpemasofMoOby maley on t he
pH and tenperature of the acidic liquid but also on the 20ki nd of the

aci dir¢ol i qui d. Subsequent | Jablgliasses B-'to D al so were

subj ect ed GRsn AN ABDE ArMEOT| Ca€RL Brang Bdept Tioy nd&ro, t hEi,0 0fdi; 0 (0K$O

shown in[Taple |21 @5 13apblesd Gass[ - [ [ 10 [ 06 | 107 | 68 [ 3.0
B 64.5 | 12.0 - - - - - 1.8 | 128 | 55 | 34
C 66.5 | 47 34 | 62 | 47 | 3.6 - 1.7 - 48 | 44
D 664 | 5.0 12.1 - - - 3.7 - - 50 | 7.7

Subsequently, glass A was immersed at room temperature in nitric acid with
a pH of 2.0 for each of 5 minutes, 10 minutes, 20 minutes, 30 minutes, and 60 minutes.
Thereafter, the depth of the concave portion formed in the glass A (hereinafter referred
15 1fo as leaching depth) was measured. Furthermore, glass A was immersed for 20
minutes in each of nitric acids respectively having pH values of 3.0, 4.0, and 7.0, and
then examined for leaching depth. The results of the measurements are shown in Fig.

11.
The results given in Fig. 11 show the following. At pH values not lower
20 than 7.0, glass A was unable to be ftreated by leaching within 60 minutes.
Furthermore, the longer the immersion time and the lower the pH, the larger the

leaching depth. It was hence found that use of an acidic liquid with a pH lower than

20
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7.0 in the leaching is preferred and that a glass having a desired leaching depth can be
obtained by regulating immersion time according to the pH of the acidic liquid. In
particular, at pH values not higher than 5, leaching can be conducted without fail. The
leaching depth obtained at a pH of 2 was at least 10 times the leaching depth obtained at
a pH of 4, and was nearly 3 times the leaching depth obtained at a pH of 3. It was thus
ascertained that a pH of 2 or lower is more preferred. The same examination was
conducted, except that the temperature of the nitric acids was elevated from room
temperature to 70°C. As a result, the resultant dependence of leaching depth on time
was found to be about ten times the dependence thereof as measured at room
temperature. It was thus found that the higher the temperature of the acidic liquid, the
larger the leaching depth. | | |
Furthermore, glass A was used to conduct the same examination, except that
each of hydrochloric acid, sulfuric acid, and maleic acid was used in place of nitric acid.
As a result, almost the same behavior was exhibited with respect to the dependence of
leaching depth on time. On the other hand, the same examination was conducted,
except that each of phosphoric acid, citric acid, and oxalic acid was used in place of
nitric acid. As a result, the resultant dependence of leaching depth on time was about
ten times the dependence thereof as measured with nitric acid. It was thus found that
leaching depends not only on the pH and temperature of the acidic liquid but also on the
kind of the acidic liquid.
Subsequently, glasses B to D also were subjected to an examination for

leaching depth under the conditions shown in Table 2.
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The results of the exam nation of glasses Bto D are shown in Fig. 12
together with the results concerning glass A 53 asses Bto D are

| ess apt to be treated by | eaching as conpared with glass A However,
it was ascertained that | eaching depth therein can be controlled, as
in glass A, by lowering the pH of the acidic Iiquid, elevating the
tenperature of the acidic |iquid, or prolonging the inmersion tine.
As expl ai ned above, the nethod of gh@gﬁzsurface fine processing of

t he 10 i nvepti-onpredgcesthe—fol-owrng _effects—As—phownr—ian Exanphes
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regi on whi chChas [not uwitdepgdne t he alkahiternmenowal treat nentd.3 s
reversed.| Consequent | wjtrieagigave porti ons &A@ convex porti omsg not or
of the onderpof 15 m GfigpRiigr DUl al S@oQkedhfeat@eder DF nangnmeter can
be fornmed oma gtass surface white avol di g the occurrence of cracks
or lateral cracks. Furthernore, as shown in Exanple 3, the al kal
renoval treatnent can be conducted, for exanple, by |leaching so as to
obtain a desired TRAcRLRY AR &kalinakieH W aldstad Bhe IiaRd shdh irRREh. 12
tenperature of the acidic liquid and the tine of inmrersion therein.

The hei ghtolfhet Rfh leassilts enkamengRQiskiaons or

y

5 Glasses B to D are less apt to be treated by leaching as compared with glass
A. However, it was ascertained that leaching depth therein can be controlled, as in
glass A, by lowering the pH of the acidic liquid, elevating the temperature of the acidic
liquid, or prolonging the immersion time.

As explained above, the method of glass surface fine processing of the

10 invention produces the following effects. As shown in Examples 1 and 2, by partly
conducting an alkali removal treatment and then performing polishing, the level-
difference relationship between the region which has undergone the alkali removal
treatment and the region which has not undergone the alkali removal treatment is
reversed. Consequently, concave portions and convex portions not only of the order of

15  micrometer but also of the order of nanometer can be formed on a glass surface while
avoiding the occurrence of cracks or lateral cracks. Furthermore, as shown in Example

3, the alkali removal treatment can be conducted, for example, by leaching so as to
obtain a desired leaching depth by regulating the kind, pH, and temperature of the acidic
liquid and the time of immersion therein. The height of the glass concave portions or

20  convex portions to be finally formed can be controlled by suitably regulating the time

period of the subsequent polishing.
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20 convex portions to be finally forned can be controlled by suitably
regul ating the tinme period of the subsequent polishing.

VWil e the invention has been described in detail and with reference
to specific enbodi ments thereof, it will be apparent to one skilled
in the art that various changes and nodifications can be nmade therein
w t hout departing fromthe spirit and scope thereof. 5This
application is based on Japanese Patent Applications (Patent

Appl | cati on No. 3008 ongsios h<Fhef ResREERBbot dog SRR rRRTEMRRIEC,

of which '&nﬂoﬁﬁﬁén?ﬁﬁ@r%&dltwgé M&g yongfskﬂlﬁ ﬁrtﬁéjﬁ?tha%a!no[léaé}ﬁﬁgégces

cited herein are 1 ncor pbr ate erence nerern in

10entirety,, flln% ah&s%b%@dé Rerein WithBt ?ﬁﬂnfﬂg f ﬁ’lﬁ S Pf 51‘&1%‘30 d ne

processi ng rmng a convex portion ace SS
contai ni ngy,ghial i -metal oxides, said nethod conprising: a step of
coating a surface of a first region adjacent to a surface of a second

regi onswhi ch i gt rp BedibR isGRaseh émtenmgﬁnl@n&{sq?%ﬁﬂA/;%nhﬁmr , a
step of renoving a 1 1ons fron1 he surfac t he second region;
No. 2008-323665 filed on December 19, 2008 and Patent Application No. 2009-196971
filed on August 27, 2009), the entirety of which is incorporated herein by way of
reference.

All references cited herein are incorporated by reference herein in their

10 entirety.
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a step of renoving the protective |ayer fromthe surface of the first
regi on; and a step of polishing the surface of the second region
fromwhich the alkali ions have been renoved and the surface of the
first region fromwhich the protective |ayer has been renoved. 2. The
met hod of gl ass surface fine processing according to claim1, wherein
the step of renoving alkali ions fromthe surface of the second
regi on conprises exposing the surface of the second region to an
acidic liquid. 3.The nethod of glass surface fine processing

accordi ng teyghairscAaivtigyg:n the acidic liquid has a pl-1 of 5 or
| ower. 4. The nethod of glass surface fine processing according to any

one of clains 1 to 3, wherein the glass is a doughnut-shaped gl ass
substrate for nmagnetic dislc. 5.The nethod of glass surface fine

processing according to any one o %Iqh ei to 3 'mgﬁﬁng1tQ9 | ass
is a slide glass. 6. K %@E’ﬂ of %Fa Re PLQRPYSINB A% T %85‘%§5| ng
for form ngpatiaodivexripards b gRssaontainbig kikalt-meaf oxddegl ass cont ai ni ng
al kal i - net al o§& %%ﬂmﬁ@&%m%ﬁ%hOd conpri si ng:

a step of coating a surface of a first region adjacent to a surface of a second region
which is to be the convex portion, with a protective layer;

a step of removing alkali ions from the surface of the second region;

a step of removing the protective layer fiom the surface of the first region;
and

a step of polishing the surface of the second region from which the alkalj ions have

— been removed and the surface of the first region from which the protective layer has been

removed.

2. The method of glass surface fine processing according to claim
1, wherein the step of removing alkali ions from the surface of the second region

comprises exposing the surface of the second region to an acidic liquid.

3. The method of glass surface fine processing according to claim

2, wherein the acidic liquid has a pH of 5 or lower.
4. The method of glass surface fine processing according to any
one of claims 1 to 3, wherein the glass is a doughnut-shaped glass substrate for

magnetic dislc.

5. The method of glass surface fine processing according to any

one of claims | to 3, wherein the glass is a slide glass.
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a step of coating surface of a first region and a third regi on which
are adjacent to a surface of a second region which is to be a convex
portion, with a protective layer; a step of renoving alkali ions from
the surface of the second region; a step of renoving the
protective layer fromthe surfaces of the first region and the third
regi on; and a step of polishing the surface of the second region
fromwhich the al kali ions have been renoved and the surfaces of the
first region and the third region fromwhich the protective |ayer has
been renoved. 7. The nmethod of glass surface fine processing
according to any one of clainms 1 to 6, wherein the step of renoving
al kali ions fromthe surface of the second regi on conprises exposing
the surface of the second region to an aqueous nitric acid sol ution.
8. The method of glass surface fine processing according to claim?7,
wherein the aqueous nitric acid solution has a pH of 5 or |ower.

9. The nethod 6f gl ass surfacethbd oiglgs acfesdinagreaessiog fir figming aznyvedne
of claims | _to 6 i ; [ | kali ions fromthe
surface of Rﬁ¥°“§8€§ﬁ§&§8§?%%gééﬁﬁﬁFgéﬁﬁﬁﬂﬁéngﬁg the surface of the
second regi on Bad nehodvairerisingvi ng a tenperature of 60-99C. 10. The
met hod of gl as j I ' - di : f
Claims 1 to o apbres g uRE AT sl oAEE O ! al BRoRo
surface of uheceséeerendiegiPowhichirpe bsreemexpesiongvithfe surface of the
second regi&gw%geg@mgcidic aqueous sol ution, and the acidic aqueous
solution is sulfuric acid, hydrochloric acid, oxalic acid, maleic
aci d, phosphor peeaefiramoving #k4i ignsifeem the sirfacepf re§eeong BB uori ¢ aci d
and sul furic, Bydseclhelihg theQhote¥idd lager HGnGhe Qikfades F Wik Wik refon and the
hydrochloric acid and nitric acid. 11. The nethod of gl ass surface
fine proces®itheaBd®? di ng to claim 10, wherein the acidic aqueous
sol ution has aa peb Sifpﬂslﬁﬂig thew@face of the second region from which the alkali ions have

been removed and the surfaces of the first region and the third region from which the

protective layer has been removed.

7. The method of glass surface fine processing according to any
one of claims 1 to 6, wherein the step of removing alkali ions from the surface of the
second region comprises exposing the surface of the second region to an aqueous nitric

acid solution.

8. The method of glass surface fine processing according to claim

7, wherein the aqueous nitric acid solution has a pH of 5 or lower.

9. The method of glass surface fine processing according to any
one of claims | to 6, wherein the step of removing alkali ions from the surface of the
second region comprises immersing the surface of the second region in hot water having

a temperature of 60-99°C.



17. The nethod of glass surface fine processing according to any one
of claims | to 11, wherein the step of polishing conprises polishing
the surfaces of the regions wth colloidal-silica abrasive grains.

10. The method of glass surface fine processing according to any
one of claims 1 to 6, whersin the step of removing alkali ions from the surface of
the second region comprises exposing the surface of the second region to an acidic
aqueous solution, and the acidic aqueous solution is sulfuric acid, hydrochloric acid,
oxalic acid, maleic acid, phosphoric acid, citric acid, a mixture of hydrofluoric acid
and sulfuric, hydrochloric, or oxalic acid, or a mixture of hydrochloric acid and

nitric acid.

11, The method of glass surface fine processing according to claim

10, wherein the acidic aqueous solution has a pH of 5 or jower.

12. The method of glass surface fine processing according to any
one of claims | to 11, wherein the step of polishing comprises polishing the

surfaces of the regions with colloidal-silica abrasive grains.



