GLASS SUBSTRATE FOR MAGNETI C DI SK AND METHOD FOR PRODUCI NG THE SAME
FI ELD OF THE | NVENTI ON 5The present invention relates to a gl ass
substrate for a magnetic disk and a nethod for producing the sane.
More specifically, it relates to a nethod for polishing a main
surface of a circular glass di sk BACKGROUND OF THE | NVENTI ON
10Recently, a demand for high recording density has been increased on

o . | . (i on. : .
25 nar d i siCHANSSURRHEATE ok aRa BB R B AGRE "
excellent in flatness and subgg. ﬁaqzi§5#1éﬁ?.been wi dely used in
pl ace of conventional alum nu @E@%ra - gl ass substrate for a
magnetic disk is produced, for exanple, by cutting out 15 a
doughnut - shaped circul ar glass plate (a circular glass plate having a

~circular hole at the center dlflﬁf.'i)eﬁﬁ)l‘ﬂlfmﬁqlléﬁs plate, cutting an
eral s

i nner peripheral surface and an outer perip _ urface by using a
di anond wheel , tHEpRA&E HveSttnGERRS Y %Iaﬁ%ﬁﬁs‘ﬁ%f@fﬂga ﬁﬁ%&ﬁéﬁ[sf{%ﬁ@a,

| appi ng and edge surface mrror polishing, and polishing the main
surface ofpmdihs ok %&Hﬁcﬁﬁg ik agfe. PIMbR sguc,iﬁbaﬁy,nﬂﬂe_la‘séslt@g madd feolisiahger
to increase the storage capacity of the magnetic disk, it is
necessary Amailkiieite bhgciratagthisogiskrea. It is therefore desirable that
the main surface of the circular glass plate is flat to the nore

out er peripheral side. However, so-called roll-off usually occurs,
whi ch is a phenonenon that the main surface is gradually inclined to
an edge hereof to decr eaBAGKERORINIX OFSEHBANMENTIONS pl ate as shown
in Fig. 1 which is a cross- 25 sectional view schematically show ng
t he vil®i nity of Retestlpiademapé for bighrra¢ording flensity bas hehp incodasesdhifingr gl ass
plate after polishing. The nore the portion where this roll-off
occurs | s magheticylisk tothsanqypicd op ieforpation arosgssingalgvigecyueh geahard disk — The

shape of the edge of the circular glass plate is eval uated, by the

t |
| duboff valdie. ARSI oBen B RDTRE %%f%%%ﬂ?ﬁ%ﬁ@éuww@ val ue

1o by RIS be vl ies bt et a0 RS L ARGt RBESh of t he
i rcul I t t ur f ac t ' I

b1 a6, s s hown T eRr B RRBEE headdd 3 bolieho Tor Sl Hithe e
h ; . . = :

shape ,q LRBu Qte-sl%ﬁ%c?%arélarssaﬂgtg éﬁ f}r A gls]asél Qﬁe?ﬂ%ﬁ&g c}fa.h%iqlo(iﬁsatan

nmeasured can be ar y-set; (0] IS a range

outer perigheral 1efas ﬁﬁgégﬁsw&@, cﬁﬂ{ch%gin&} p%xftgxefaﬁ E&f&ké‘%:ﬁ%ﬁf%eé whe'n

plate, that 1s to say, nge 1 n whi head Ing iIs I

| used as a efhH] SirfacE BY uSiH@ ARl hont WHebletheRERerAlicRs Gl P PerforBiialidig f Or

a magneti g@sk havi ngsra digameter of 65 nm the duboﬁﬁeval ue (dubof f
2) measur ggkficd 1?;;{@%& eQfe dRrid€: Miftdr Polishidg; Qlcﬂ[bcﬁi%ﬁﬁ% thefh@msirhee 6£Mber )
to R32 nm (0.35 nmto 2.35 mmfroman edge A to the center as 15
. shown i n FElrenlaciglasa pthtet hih 8 phlishingyatiue (duboff 1) nmeasured in a range
i of R29.9 Mm (R is the distance fromthe center) to R 31.5 nm (0.85
I mmto20. 45 mm f noordetrio éutgpaseitht stotdge cammniteof the mebueti disk, Fisgpecesparptce
enpl oyed. Incidentally, the edge A is an edge of the :

widen the recording area. It is therefore desirable that the main surface of the circular

E:

glass plate is flat to the more outer peripheral side. However, so-called roll-off usually
occurs, which is a phenomenon that the main surface is gradually inclined to an edge
hereof to decrease the thickness of the. glass plate as shown in Fig. 1 which is a cross-

25  sectional view schematically showing the vicinity of the outer peripheral surface of the



pol i shed main surface, and usually al so one edge of a chanfered
surface. For the duboff value, reference can be nmade to

JP- A-2007- 257810, JP-A-2007-87533, JP-A- 20 2007-250166,

JP- A- 2005- 203021, JP- A-2006-92722 and JP- A-2006-99949. In order to

i ncrease the storage capacity as described above, it is essential to

‘decrease the duboff value, and polishing pads have hitherto been

i mproved. For. exa e, It has.bee roposed that polj.shi IS ] |
DOt or o TIBEHIAR Ptk eher oA T ol hE Rofs WABRR RS FOINGET GrEe s o
i ncreased %#EQ% r nmore b qt%gmﬁn a polishing material 25 to be
cont ai ned FHE s‘g‘SEiQF? @Sf ‘ arf’%‘ge I8 A- 2007- 250166) .  SUMVARY OF
THE | NVENTI ON -t he i shi t . i i

JP- A- 2007- 250166 ¢ FHEPg P%l@lF' eitf%e %ﬁiilen‘?‘%g Selds vagg hscejeggﬁéﬂfﬁ)gg Heduboff

O bt Rt RSO AR SRORE S SRR T RO LRLTGE
oF an g PEREr Bl TBFRERASH bt 148 LYITH By o0 pbARR AL s BUAPS
used, thergrSElriiEIrcalat s8ssHiAL LR ¥BndelRl 14 Dalf286 hAhE BRSuIA I As fRieD

surface increases, that the degree of flatness deteriorates, that the
pol i shi ng g& %&vﬁﬁ@ﬁ%{_]ﬁewmﬁ&alu@ﬁ%éﬂab sHoROthbt the SiRbebF @EAdRSs | N
sonme cases. In addition to that, duboff 2 remarkably increases by

pol i shi ng dobd.many cases. 10 It is also considered to use a soft
pol i shing pad. However, the circular glass plate deeply sinks i-n the
pol i shing pad t & megihtwhich thddubofheluecasmptasund can pasarbjmarily e anfunglas
strongly touches the substrate edge increases. Accordingly, both
dubof f101 anid adarige bf arRoutenmrrikladrhlyedgncithameini surfarof theagmeslar glass plate,
Further, in order to increase the flatness of a mamin surface, the
removal arfiinto 3568 rauge in whish bead flyieg ispadiibitdiwhgnivsed asadiPY disker Barsed.
I n association therewith, duboff 1, duboff 2 or both duboff 1 and
dubof f 2 tewEpledn thecaseefa glass substratn for maagmgii disl having adipmeler ofhS>

ke S A SRS A i bR o
e Tl SHh! B8l R G LA PhOR P s R e e bRl
bove- ' ' . jes. As
2 rosdrt, POARRILITRE R i DYREEtort IVERRE YRR U TR,
by relatiyehy dﬁ%&ﬂ?orﬁ s &h{eg)% ¥319 ﬁﬁé(gfskﬁrﬁ 15895 %Ae}lr?lﬁgﬁll #%ﬁg@ﬁ 1§ads

whil e supplyrng a slurry contiarning a polishing ma State

that top apdehet M%MF%PI)‘CE&‘& @lﬁpl_@%ﬁ. PLAIRAHIY the e&%eA Rkl eagé <52E€5the

pads, and 1 n this case, iI's possible to decréase the dubof

val ues (dpbRdhkd hamried) ahd usthily 4130 ofdYedbO6f £ainfded AerBar dgsie of the
pol i shing pad as a whole to decrease the anmobunt of change in a
t hi ckness dabdfeedtie ref@reficel can ba kiabé to IPh&-2007-257810, JP-A-2007-87533, JP-A-
| 20  2007-250166, JP-A-2005-203021, JP-A-2006-92722 and JP-A-2006-99949,
In order to increase the storage capacity as described above, it is essential to
decrease the duboff value, and polishing pads have hitherto been improved. For
example, it has been proposed that polishing is performed by using a polishing pad in
which the Asker-A hardness is increased to 90 or more by allowing a polishing material

25  to be contained in a specified amount (see JP-A-2007-250166).



circular glass plate fromsinking in-the polishing pad, thereby
preventing strong contact of an edge of the circular glass plate with
the pad to decrease the length of a pad portion which strongly
touches the edge of the circular glass plate, (2) by inhibiting a
resin foamof a surface | ayer of the pad, to which shear stress is
applied during polishing, 5 from being el ongated and contracted, and

furthernore (3) by polishi P ' urface | ayer of
the pad is not hardened byggg%g‘{g@ﬁ?ﬁ{eﬂgﬂ?ry ?o the surface |ayer,
that is to say, mﬂ}eapoﬁaﬂﬁg \é@ea Bedchbed R TAES60795 50k 6 ﬁwdéﬁ%%ldnﬁ?ﬁ?é of

the pad is kept so preventing Strong pressing forc rom

bei ng appl dn%gerﬁlgss%@ sREQ Qistivutias & dﬁhsﬂlﬁ?géﬁbfafédllﬁrdeEJrﬁ%rmf%tﬁhEﬁ]hé: h

has sunk in the polishing pad. 10Specific exanples of methods for

increasi Ngyahe AAUARS 86 the holishtngRAld i $intrB ke Adr a@n@lml,@kbﬁmhﬁfdﬁe@

nmet hod of reducing the thickness of a resin foam|ayer in order to
decrease tihehcelasddab o8 o fio¥e: & indrdleaheihapObf kg, NAHdvReOhbshi ng pad
and a polishing surface, a nethod of preparing the polishing pad with
a resin f golistisy pabhatidgi adhighkardieesis usekdh HetevoaBtimes arss prdbldmatattthe
resin foam of the surface |layer of the pad, to which shear stress is
appl i ed ducratddiepal 2 shinsgrfaderincredses, tigt deaegat efiflands detatiorates,ahhtitiec| ude
a nmethod of inserting a material having a function of rel axing shear
stress tr godshitg mtk ¢adytdeereos, ianh ihatdubofiflateteridratésnin sooleicgses.ngln f or
exanple, a resin foam|ayer having a | ow anount of change

( conpr essiaddition jo thatseho “2remarkabbt ineresses biepqlishing in mgnysesdesand t he 20
pl aten, a method of using a resin fgam having such a hi-gh hardness
that tle pad sufiiaaleo pensiisreddp BssgatoBPolsImE R r&@ﬂ@&efe%ﬁlr%@gl@ﬁear
stress is pplle ereto dyrin ollshlng Furt her, for
reduci ng 4t %é%fpgfp%qnﬁélathe@o ﬂén ogﬁﬁlﬂﬁ Hrbatghe fepgrhof ?-e@fr mﬂl@t}&@gh

pl ate whic he |sh|n 0 .
Perovi ng. BRSSP st e Db ABRIEL At dugeth ne
pol i shi ng h erform ng polishing, thereby inhibiting
aggregati e%‘kaaﬂg "Igcrg gma%'r%ag?sve grain which occurs by a

react ion of t hepl, R B0l b pa N dchee ﬂﬁﬁés§af£ga@%gaﬁaeﬁegérﬁa€maﬂ9mé

inhibiting the po From ecomn ggregation an

caki ngsof .t he AR AU IRk fstuﬂu:llﬁz‘%n&ls'e{sfe@ceIn%soEﬁﬁorP@nlefe%g?JbB to

inhibit deteriorationof ro fromthe beginning,

pad producrgofry oabétﬁ\auﬁar%h@huwm:ianaﬁame-ﬂset0 i nduce 5 aggregatl on
of the polishing abrasive grain nmay be used). Further, a decrease in

polishing rate @aforBiglyndd stjéceof 1hy iblefdh 0 b ihhibltfaﬁ&lﬁﬂréh@e i tHe 8¢boff
i nhi bit aggregation of the polishing abrasive grain. Furthernore, it
i s expect edlukevhila wenirgdifingtise finnade of easi@Suifice] e olishidg step abthea siaite
grain and scratches which act as surface defects. The
present i sudaeiofn cireulivagasd plite, sitheha flastivhgmtafod a imgnaticatiskds podtded.
following 10itens (1) to (5).

20 In order to solve the above-mentioned problems, the present inventors have

made studies. As a result, it has been found that a circular glass plate is polished by
relatively moving the circular glass plate and the polishing pads while supplying a
slurry containing a polishing material in a state that top and bottom main surfaces are
pressed with the polishing pads, and in this case, it is possible to decrease the duboff
25  values (duboff 1 and duboff 2), (1) by increasing the hardness of the polishing pad as a

whole to decrease the amount of change in a thickness direction and to inhibit the
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(1) A nmethod for producing a glass substrate for a nagnetic disk, the
met hod conprising a step of polishing a main surface of a circular

gl ass plate while supplying a polishing slurry containing a polishing
material, wherein polishing is perfornmed, after a polishing surface
I's subjected to 15 dressing treatnent, by using a polishing pad
having: a first resin foamlayer which forns the polishing surface,

SO 1259, Gk b ARTB R BB bRl Sl "

20 m and has-a ness o secon ‘oam

| whi Gy i - o G S STh .
| ayer whi cly Sl BMLOIBHDELNEENLR WARS b 1 edrLast 18 1618, DO badiofitbrda

yer;, conprises a resin avi ng ‘pores

with a porgpidi g@g%omhez@wm@afm@ﬁfcgﬁag g%gkd%?@,f(ﬁ)ab}t RAhibineSSegh 50 to

250 m ereln a total t e first resin foam

layer and 408 (3§SaRLe 1624 5 hOFM, lAVRIED bitarstsdTs @Fplied Yarin@PslisRing,
I nternational rubber hardness” degree of the polishing pad neasured by

the M net hagh 86606BhHHed MdbbmirdtZind fufthdhold B PlisARE n a state where

(2) The method for producing a glass substrate for a nagnetic disk 25
accor di ng th@srfake lavhiasialidpadienseanioged Bdaking 0a1He SRS to HRSutface layer,
conpressibility at 200 mof 3% or |ess. fr
that is to say, in a state where the hardness of the surface layer of the :p@d is kept soft,
thereby preventing strong pressing_force from being applied to an edgc:i surface of the
circular glass plate which has sunk in the polishing pad. '
| 10 Specific examples of methods for increasing the ha;dness of the polishing pad
.- asawhole include a method of reducing the thickness of a resin foam layer in 6rder to
decrease the distance between a platen for holding the polishing pad and a polishing
surface, a method of preparing the polishing pad with a resin foam having a high
hardness.
15 Methods for inhibiting the resin foam of the surface layer of the pad, to which
shear stress is applied during 'i)olishing, from being elongated and contracted include a
method of inserting a material having a function of relaxing shear stress transmitted to
the polishing surface during polishing, for example, a resin foam layer having a low
amount of change (compressibility: 3% or less), between the polishing pad and the
20 platen, a method of using a resin foam having such a high hardness that the pad surface
is not elongated and contracted even when shear stress is applied thereto during
polishing.
Further, methods for reducing a load applied to the edge surface of the circular
glass plate which has sunk in the polishing pad include a method of removing by
25  cleaning a foaming aid added in the production of the polishing pad, and then,

performing polishing, thereby inhibiting aggrégation of a polishing abrasive grain which
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(3) The nethod for producing a glass substrate for a magnetic di sk
according to (1) or (2), wherein an open pore area ratio of the
polishing surface is adjusted to 8% or nore,- and-an average circle
equi val ent di aneter of open pores of the polishing surface is
adjusted to 10 mor nore, by the dressing treatnent. 5(4)The net hod
for producing a glass substrate for a magnetic disk according to (1),

wh ' f . | f.th li_shi .
of by {eocab a0y Bt B R 8 e R e B el i@’bﬁ‘fgﬁ%@df’“tk
or odutea oy PR fom beoopi b PRB N LELRAEh e TRRR LERC U0

=}

di sk acco rtgitﬂ@s 1rigce% %fathe ﬁtﬁ)shmé?%% Q)é{ﬂi.lél)t Hetéﬁ&éﬁ&{ &'r?@-g%fgggy]%ﬂ%hé nvention,

a gl ass substr at a magn avi ng snal val ues

(duboff 1 b : : LSadt ) | Qi B § VW : di ng area
BP0 blishing phlt BloduShd ) S a2l Blch VRSl nd i8R

to make hi e cap y possible can be efficiently produced by

a pol i shi nggoRaskiPottROpAisBiRe Gbrhdife Shinifdyedised). Further, a debR@sefihnal
renmoval anount’ can be 1 ncreased, so that it becones easy to renpve 15

def ects susdlisifg fté GindRashiBikdibyR ]Gtk Aecfodfth 0 1Bl igHbiNBd dr&iatioBhY the
DESCRI PTI OF THE DRAW NGS Fig. 1 is a schematic view
show ng a milisling siRadivograinh Fhgherinoieit idexpéctainto huvesffaosoneakades in
portion of a circular glass plate polished,. and a view for '

i |1 ustr at itheredidbal fabrakiv2 @radunshdceintdhbs @bich act as surfidcg defécts.s an el ectron
phot om crograph of a cross section of a polishing pad, and a view for .
illustrating a NAhPpteaginvehtvaneis bhsey on senhdindin@Eand myelates to the following
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 25The invention will be
descri¥ed itsgisdly totS)det ai | . In the method for producing a
gl ass substrate for a magnetic disk of the invention, a circular

glass plate is (Peat ed Bthed foppipducingpelass SPBStﬁ@_ﬂ foxamagnedic disknipn

surface. : . .. . . : .
method comprising a step of polishing a main surface of a circular glass plate while

supplying a polishing slurry containing a polishing material,
wherein polishing is performed, after a polishing surface is subjected to
15  dressing treatment, by using a polishing pad having: a first resin foam layer which
forms the polishing surface, comprises a resin foam having pores with a pore diameter
" of more than 20 pm and has a thickness of 400 pm or less; and a second resin foam
layer which is provided between a platen for fixing the polishing pad and the first resin
foam layer, comprises a resin foam having pores with a pore diameter of 20 pm or less
20  and has a thickness of 50 to 250 pm,
and wherein a total thickness of the first resin foam layer and the second resin
foam layer is 550 um or less, and a international rubber hardness degree of the polishing
pad measured by the M method according to ¥IS K6253 is 40 IRHD or more.
) The method for producing a glass substrate for a magnetic disk
25  according to (1), wherein the second resin foam layer has a compressibility at 200 um of

3% or less.



For exanpl e, a doughnut-shaped circular glass plate (a circular glass
plate 5 having a circular hole at the center thereof) froma gl ass

pl ate, and chanfering, main surface | apping and edge surface mrror
pol i shing are successively perforned. Further, the main
surface | apping step may be divided into a rough | apping step and a
preci se | apping step, and a shape-processing step (hole formation at

the center of t ci reul ar ss_plate ha ring and e .surface

| appi ng) nay belzﬁr ovi edni%g%ﬁ’épgﬁg?%%ﬁfasssu sﬂateﬁﬁéf‘}%ﬂggﬁﬂ , when

t he gl ass substrate,hawing ne hole at .the nt er f i oduced,
the hot e Fariar B (PPN ahelily Poukn Rt RGP hOhELspiries 07
course un ar yo. i : b S j i Shi- may
be- por for AREER 1 i oL Ef i TBleDe SHEL il BRlcRp BPoncliBols B 9

met hods. Eqf: : : §{.C S 2 L tween two

pol i shi ng ngés s,”an g%lﬁtggjg%t ??h%wﬁg‘f‘ﬁg‘égéa?’gh‘?gfeéﬁ%%ﬁ e supplying a
pol i shisng st ur 1y Cont i ihdigodPip plotislih 1A Sbliaite foPs hipi 2085
between the pol I shing pads and the ciTcular _glfas_s plate, thereby
perform ngcdb@élih%fv (13-(2) ¢3 ¥ @Bérinl After Asiifatc € RYEMT M YDISHIRP p&dis Buttsst
chem cal strengthening may be provided after the nmain 20 surface

pol i shi ng bytieiredsihgtthRemeny fish 6ldanih ﬁp%ﬂbﬂn@&ivﬁlﬁleﬁﬁb%ﬁhig PareRaseri s used
in polishing of the main surface. That is to say, the polishing pad
conprises a fir@) resAmplabosubittanyfer a piaghaicridkipesduced By thethetlvddsr a NAP
| ayer) for formng a polishing surface and a second resin foam | ayer
(her ei naf perdutieg e giassisubstras foa 2 Imeygeeticl diskercyorgingvo JOA2h € voeéd). a pl at en
for fixing the 25 polishing pad and the first resin foam/layer.

Fig. 20is an el Actarding fshibe owentiongz glpks swbstratecions mageaticidisk having small
comercially avail abl e poli shi‘g& gad having such a_two-layer resin

f oam | ayerubsdf valensqiubost | andslubefl 2 thahis thsay, badeg & widenecordingemraén. A
| owermost "l ayer  is a sheet or a filmcgonposed of a resin such as 5
pol yet hy| &R Righs0mes £rRACKY pesgible cap be 6HiRRPER Prodessd by poliskipg B3 f abri ¢
(desi gnat Ed .as "PEL LAYER' in the figure), and the polishing pad is

j oi ned t oR&VIRE AFREFUSSTUCINGt | shi ng machi ne (not shown) by using, for

exanpl e, a double-faced adhesive tape or the Li with th

it er posi ti on ofF i el E3hE e R incHaskd g traff vpqbed o rpmaye
two- | ayer r.esl ; AN i |.5] e lower 10 | ayer and
t he Ni% Ig%?tgg%h O?%}tg@&%@ﬁporg&e@%&g}gﬁ%gg | ayer of the resin
foam | ayer are not opened at all or scarcely opened. The resin foam

| ayer of the polishing pad in the invention will be described bel ow.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. lisa schematic view showing a cross section in the vicinity of an outer
peripheral portion of a circular glass plate polished, and a view for illustrating duboff 1
20 and duboff 2.
Fig. 2 is an electron photomicrograph of a cross section of apolishing pad, and

a view for illustrating a NAP layer, lower layer and a PET layer.

DETAILED DESCRIPTION OF THE INVENTION

25 The invention will be described below in detail.
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The | ower | ayer conprises a | owfoanmed resin having a pore di aneter
of 20 15gmor less, preferably 15 pmor |ess, and the thickness
thereof is from50 to 250 Itm and preferably from 100 to 250 pm
When the thickness of the lower layer is |ess than 50 gm duboff 1
deteriorates. Wien it exceeds 250 pm duboff 2 deteriorates.
Further, the resin foamfor formng the |lower |ayer has a

compres21 b1 1L 300 PSR B k  Shep B R

R e R A
t hi ckness %;fﬂ-%go pmor less, preferably 350 gmor |ess, thereby
e

form ng t | ayer. Incidentally, this thickness is the thickness

bef ore dressing 1[{6@ g%g i I [ - | he .
t hi ckness is no 5{%21 |é%g§' s{v{ %ﬁ dé:grtcgl"gr@%&%&%?E{ue%%&%l&sgﬂ{lagéemi on
i's not si R cirE L at th I #9 thCkAs j for
exanpl &, RSB ramA A a A Rl PWRleoly ik o B e M HAE R ng by
of the NARu} ki Rapd 0B sbiafihirs 465R5LRREL S kA, por e of
the NAP layer typically has an elongated cylindrical 'shape as _
shown in Fi.g. 2pyiepnememaid Sffadd18pie fepihy Podtiviadd st B roheh Yppih@rstepal
shape, the 5 |l ongest dianmeter of the pore Is taken as the pore

di anet er taheh@aise lapping step/ ddder shapeygrodeatiag stth{lokfestativh at the cbifiet dfayer
and the lower layer 1s 550 gmor |less, and preferably 500 gm or |ess,
as the t hithkeirnhkr blatoplate dthemédring atd edpervarficedgping) beag bk ptavided\VVhen t he

‘total thickness of the polishing pad exceeds 550 pm since the NAP

| ayer 10r tthezcHebween. | ayer exceeds the above-nmenti oned specified

t hi ckness, duboff 1, 10 duboff 2 or both duboff 1 and duboff 2
deteriorate.  Incideplallnovhsn thegless sibstrats hewisg no boleahthesentérdhereafiin f or
form ng the NAP | ayer and the |ower |ayer, a polyurethane resin is
conmon. FuFadyesd, thedols fgapatiog apBie sperndéhe crcplsr elass nigje ed cowrss er ence
can be made, for exanple, to JP-A-2008-36786. That is to say, first,
a pol yur et!RB{¢&SSE¥si n, N, N-di net hyl f ormani de (DVF) as a 15

Fesi n. and adai {1 dedpas A R g1ds o YEhRE g R BRI e,
Th th . in.i .ect ed I t er-,based, .
pol yedier "HEEEAS A e seri el B E R L F AR P S T aRlrtie
et . . _ . _ _
o O S SO o oS U AR GO T Bl b o
trol 11 n . _ ) . _ -
;g?i \r/gt olr 55?%%1’%“45&02%' ngé ?ggﬁﬁ‘gwﬁ%‘i r%pﬁg |2’%§?6ﬂg¥p§p ¥0%Hd§
stabi | i zi pgg gRIPLMIA 4128 P&?@Me?&?%%ﬁ@ﬂﬂiﬁ@p&fshfn@? RRidHER],hane resin,
and the like. After agglonerateS and the |i ke~ are renoved by

filteringskréiptHemistepROchSA HEMRAL stdfitR@imdday Be RETIIE Mg thedah vacuum

(reduced pressure) to obtain a polyurethane resin solution. Next, the
r esul RO NQ stxdcy Pokdhbrpngep. €% the SBletitior) thei fEll@MAE pPHlikhURI pad apREd 80 to a

film
polishing of the main surface.
That isto séy, the polishing pad comprises a first resin foam layer (hereinafter
referred to as a NAP layer) for forming a polishing surface and a second resin foam

layer (hereinafter referred to as a lower layer) provided between a platen for fixing the

25  polishing pad and the first resin foam layer.



25 form ng base material, and i mersed in an aqueous coagul ati ng
liquid to coagul ate and regenerate the pol yurethane resin, followed
by drying after cleaning to obtain a first pol yurethane sheet for the

NAP | ayer. On the other hand, in order to produce a second

pol yur et hane sheet for the |ower layer, first, the pol yurethane
resin, DVMF, additives and an adjusting organic solvent for foam ng
adj ustnent are bl ended. After the polyu eﬂ{ hane resin,. DMF and .1 he
addi 11 ves are mi BB S04SR RAORTHEOEHPY Of 2RSS B commercially

pr edet er m ne b;alrm at . of .t eviadjsu tin 1k ani oS0 vent i.s ddtetﬂei n

vet e Lhan DU opSnlGTRUENS ARl ¥ IhnEbihsel ofl AlIAUE 11 1
OVF cars bl L b lele e AP b R L Bl e R Sh R
of ' he” ol GFOTRARE SFUE Feecopd TR el LRSS ol P A DRn PaRiil °
of the adj oy Do Pby S R ol e e oA Wl o e 8 et

t he conpr egih bielihedpositioh BELBERUARI-hane sheet to 3% or |ess, the
anount of the adjusting organic solvent added is preferably within

-the range of 20 Owthé PEQdates, thytwelagerbftedesdinfohlaypicbBpiyinghs fovadr t he

resin emul sion. Then, the filmform ng base nmaterial coated with the
resi n Hhul layearand the20AP ttyenid foredd and phaes aoagufaed lapg dfitepuiesdn fdanelapdry
coagul ating and regenerating the pol yurethane resin. In the

coagul at i nge hotoppienigd 24 all ki scafcalyerpensl. i r st -f or ned on the surface side
of the resin emulsion simlarly to a skin layer of the first

pol yur et hane shéle resisoigamdayer p%’dﬂe aclishéiginag inthg anviestigrowilehetdeseibadded
to the resin emulsion, so that the progress of the substitution of
DIVIF and ltelllié"’-adj usting organic solvent in the resin 25 enulsion with

P Comaul oL L ReeaEs o ot EoL L LR e A

| sian, i dj h
oI SIS b RSB o B R RS S  E0 ce
o | 1 AR 0 3R Y TR T 3 o
pol yur ot hage, ahaRLeANuRGRES, ofkht SEaantPBhASHIANGhAR! vi 1 be

descri bed. used for dissolvingt ne'resinis a

sol vent gener al lpjHseiehQin fhs ' LOshi n
be mixed with water at ea_nyn ratisf_ie)ll.%Eg?ﬂg?ﬁqg%?fggg%ﬁ,ggﬁﬁ%ﬁ%ﬁgquf%_ .
pol yur et hgpg of SietefabhPb%4lor Rids, infork PRBESEF3dbridde coagul ating liquid in
the preparation of the first pol yurethane sheet, the substitution of
DM wizoh the coapithalowrgldybrtett i(s@ﬂﬁméhami@nfoaaﬁe@fbdinmaﬁgbﬁym a0f

t he pol yurethane resin) first occurs at the surface of the

pol yur et hgmnee dieseter kighdrthathé weolagemihar io posagswith a b didtheterl ofiyike

4 Accordingly, extremely fine open pores are forned on the surface of
# the skin |thaelQ pmsinadhiekreds off 400 Linher lessphmtfetably 30 joh oMk, tietdbyt he

© coagulating liquid. Thereafter, the coagulating liquid enters the

4 inside of fohmingtieNARidyane Inadintallyothistthiokness snhepthickness befateairessing i s

% easy to 15 enter, so that portions where the substitution of DMF with
# the coagultecaiment Hesquibad latgni dibg lpwerdingbefdhe thinkness it e mestrivtask as 1og ass

4 delayed are generated to formrelatively |large pores. DVF is eluted

& only f35omthtebjestof thednventien sgiet impaitgdr Ryivebayr, tie lower lppoit 9fithe thickmess

4 resin solution by using as the filmformng base material a PET film



| arge and rounded. Further, the mcropores forned in the skin |ayer
and the pores fornmed in-the pore |layer are fornmed associated with
desol vation of DMF, so that they are comunicated with one another in
a three-di nensional net-1like shape by continuous pores having a pore
~dianeter |arger than that of the mcropores formed in the skin |ayer
25 and smaller than that of the pores fornmed in the pore layer. On

the other hand, in_the preparati f the second ur et hane sheet,
the adj us®i ﬁbe’@%ilgogﬁk%@:ﬁm?@[}a&%ag%ﬂ?ép %ep‘ﬁia%y%F Q’P‘ﬁ‘&ﬁ% 0?351 n
1s dissolv to formthe resi l,si on. The adj usting organic

sol vent ha ggI%F’ch?éss@plh‘m’ﬂﬂ?wﬂe%?r@?’s't han DMF, so that it is

rther, in

I di h ul i i i d | h =+ &

ol 0 the copaulatig kN (ALl 8L S DR ey HERRET 11
th dj ust i i I t A~ hi .

(1 291 UL 8 6% 0GP AU Ok LSl 00 e e,
c020U! & | Npdl HLAPEAE Btk Mers A G LORIRLE o o such pores

et 1sn and at the inner

si.de fromthe skipper the t!:t@iﬁircﬁﬁgss Sﬂﬁem%r%d %’ggﬁ%{ﬁ%}?fg%?ﬁggﬂl 4or es

are fornmed in a'staté where they are near

Accor di ngl g %@?r%fa%lydj 0@?[%& @{]leé%f asttﬁ@fh?c%é‘s% bl ﬁ){ﬁ&‘ééﬂgyucﬁﬁ%n't Qéscﬁilégz o

that of the p s forred in the pore [ayer o e first polyuret
sheet and th@af gewnih@db tdthahicesd SRhEPAIRRG HESelcesd¥BY0 Lih, bl K NAP

| ayer. Further, the m cropores of the skin |layer and the pores are
formed asslagdrat @@ lowérhayie sleydtth©ibodré-nldviford Gpédifedalijckisdss, Agbst¥ gani C
solvent, so that they are comruni cated with one another in a

t hr ee-Hi nedidofizadr bath dubbf11iaké dsbudp2 ddyriceatat | nuous pores having a pore
di aneter larger than that of the mcropores and smaller than that of
t he pores. Althphghnthetehiend festsictigodn/the etshefoefosieettheNd Pilijer swtihad
pol yuret hane sheet are joined to each other. In this joining step,
the first lawer lsprgreblpsethencaesiniscosinenst s Farthergaordes tpehtain eethfar om t he
filmformng base material, and the second pol yuret hane sheet is 20

j oi ned t o potiskipppad, rederencgcan be Made fgrexamplesRilR-A-20@8-3086t he fir st

pol yur et hane sheet., For joining, a_joining solution_in ich a snall
amount of the piﬁw {8 it B B byurediags Sy VR tglforEamids OMEY a5 2 A
this pgl yurethane.resin, the sa ol yuret hane resjn as.used Ln.the
i ot B ARl i tolieat Shish B disofledf PormESisiRat ond pddives
pol yur et hane tesin.di ssolved is, for .ex l e, fromabout Ito out -
B0 Then. rben Lgibir s FlhSmandisny - Dhn e msetisselfed B8 ¢ o
contact wt 1ol ni.n | uti o at ed
under pr ed?® ?ﬁegt?ﬁ%gé,gn‘é{ye%g#g@\a}%ciﬁcilﬁa?rgzo e e%l’_)8§ ﬁ(a(%f:sr]{’s t gﬂ%qﬁ(se '? 83%1861

second POl HHLBLINERTIIELSs bR ot Lo AL BERRINUIRLEBRYe

resin. ter jolning treatnent i s pe

surf ace_onRARk bigmioht ke SbiadAGRRTo! BRnSRELRH PRl HESLARIENRRRSE. 10

whi ch the first “pol yurethane sheet I1s joined. 5 In the first ‘and
seconcpol poedsed anephsIteftiSatoVRE hétkieRiing | Mﬂi@,@hx?@ﬁ:ghaﬁ@wﬁv%r fohe tine

¢ of filmformation, and unevenness is forned on the surfaces thereof.

4 Thi's unevembéig ®agidativeld RgehdiatididiithebliureBid¥adin, and the likel NAkEE

i above-nentioned polishing pad, the international rubber hardness

degr ee neagploagrdns ahd heNlrridretosarsy filkaniag tie rdduRingGdhitioaf deffdnihg ke of

all owing pure water 10 to be contained (wet state) before subjected

t 0 pol i shiperfoinedauiderstaenin (redied RidEsune) torobtein apoifueetbdneyesirosod@icnRHD or

nore. This international rubber hardness degree is neasured by using

a mcro-si ze i niNexhtheironktingmolyvesthana resiresodutibe gs emtimedusty. appligl toaddm

havi ng | ower edge being a spherical surface with a diameter of 0.4 mm

i s al 125wedotnuing base snateriab apé muinersedinl ap agii¢os coagolatisgliqyd sacdagdateaid t he

polishing pad at 8.3 inN for 3 .

o AR TR P oL

ST

RN

TR

= TERET

L BT o L A T R TR ey e g e .

i



15 seconds (primary |load), and then, pressed therein at 153.3 nN for
30 mnutes (full load). The international rubber hardness degree is
determ ned fromthe press-in depth anmount at the tinme of full | oad.
Incidentally, the international standard corrésponding to JI'S K6253
is DOINI1SO 48. Further, the surface |ayer of the polishing pad is
subj ected to dressing 20 treatnent, thereby adjusting the open pore
area ratio of ‘the polfshing surfﬁﬁgwgépe contact surface,w.th.t

circul ar glegesrals the plyprethans sy Hryg-ater ﬂw&@@%&ﬁgﬁ? to9
o e avor BN B OSBRIt L erably o 50 o or ere. rope!
Pbove 1o used. - hatgPheiing Bl b Rp R SR B R B B
The pol i s AT HS: dPopRplbaETea D HailE A ah BN bR ™ | D
af anond gr 2gint { fBE &fidunlt ideR HESUAD MBS PUDID gnd |
cont ai ns aﬂl\%ﬂtﬁﬁgﬁ&es Qfe HREE B &iE‘soN@?hé ﬁg&h%g@%ﬁgégr%{&ﬁin@ﬁ' Qﬁg{mt%%

fine pores are the pores opene y sing 5 treatnent are

formed in §B8iRQinkSRiamet sSWehAS Sddelin biag: foARY LitRRmibA S BIMIORTE lvate; of
the fine pores to the whole surface of the polishing surface is taken
as the opef tRAife 6f RagdlaidnQnd rabchdi@iion, HHS oMBRMeRAESn emuliRh, | ARiHed to
a true circle, and exhibits an elliptical or conplicated shape. The
di anet er s afetis@bigthiateiderty Dsvlvehthavpp poller ehuility af whtbethue DMICiddv e
open pores to determ ne the circle equival ent dianeters, and the
aver age 1Chdngesohsly sitcitde or dispetdilde #vibe agletion iheihichatie polghretibnaliesingd er
of open pores (average open pore dianeter). Wen the open: pore area
rati o i s |disslvetawitt®u capsing stagniption Gebtionad thepmlpustbanetresic digsdvediie
possi bili B of breakage of the circular glass plate during polishing.
Furt her, &)MFebn bernzels oSpacifiresxamples therrof melvids hiihyacstaterang isoprapal ni ng
the polishing material is not efficiently supg,l ied to the interface

8

bet ween t Hécohel- i Jhe sige prameny (Rumbep)iof poeaformsd gisids of fregolyuraflipdg t he

: ) di t is | th 1 th bl
et T osi SHERERH bR CRBTEE Al B CaPreRshiNy oF ool B et B P

112, RS D D et B T, o
(b O e G R S e SRR RIS o8 TR '
resul {11 dobudlod B Lk SDRRUROS S BRESB1PVARK BDIAB: o BTN

causes detertoration-o rac I CS. ent al

the open Sbhiae Ka8dd éh ﬁjﬁng?% ‘égsrnﬁQﬁedr%Eiﬁ%ln‘Els ui val ent di amet er

of the surface l'ayer of t I ng pad was cal cul ated by taking a

| aser mi cr osCopahEATREEAIHRAHIBThi BaleRY KAYERER HEQLRPEALLRRA s @ col or
3D | aser m croscope, VK-9700, 25 VK-9710) of the-treated surface and
usi ng 2an liﬂmcaﬂgltyez@fagmﬁwgﬁc?m, icPsbyR¥af@ItRBGRd fRERO4tRIsI 1R, _
anal ysis application, VK-H Al). ' - Further, the resin foamis
produced ylyakdtiune igim e ervorgulmtnigdiguil, & sldflaer igifigst ifGrmict 0 tlROsuabed
to foam O materials used in the foamng aid, there is a surfactant
havi ng hi gidetof deapdim binaisioy sivhilarly to askiadayagof the fiist polyakthhiesheed i shi ng
material in the polishing slurry. Wien the surfactant having high
hydr ophobitdvweyer, érridivstingwrigirge Sgvdnt sshaddep foalk resih emplpiong s thet thie
polishing material of the polishing slurry.

progress of the substitution of DMF and the adjusting organic solvent in the resin

25  emulsion with the coagulating liquid becomes slow. For this reason, at the inner side

from the skin layer formed on the surface side of the resin emulsion, nearly even pores

10
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Accordingly, in the invention, it is preferred to clean the polishing
pad after the dressing treatnent to di scharge the remaining

hi gh- hydr ophobi ¢ surfactant as nuch as possible. Specifically, it i
preferred that after a surface |ayer of the polishing pad is cut of
by the dressing treatnent, brush cleaning is perforned while
supplying pure water. In that 10 case, when the open pore area ratio

is less than,8% or _the aver open pore diameter i | ess.than 10

0 the. iR R EERERRE AR ot o Rr O OR 8 B ST PERE ARE by

cl eani ng can _not be rfornmed.efficiently and sufficiently..

et dent ai fg it ET R HERE RS 1P oeieboR Sorfi i Bk BB staE phobi

sur fact ant bmlycogggcl__'ng can be evaluated fromthe surface tension of a
or

cl eani ng Illlsaw he polishing slurry. Wien the static surface 15

tension is 70 i ' i _ . The
above-nent i oned%l’ acﬁqggr%{t@nﬁg ?rgggﬂﬁgﬁﬁﬁb‘ﬂ?’%g%g% %9‘?3“ cli H%r‘r:‘rfj%ftflgf or
exanpl &, i-ony , i a : e i.,ng 3 or

nor e cgr b(r)gr%%al{a ?ﬁWé&%ﬂ?é&é&Eﬁ%égﬁ\g@Hﬁ% E'yl 13e h@%@%@?@‘é&%"gpw ene

al kyl eth Odr i i@ bl uBIRE Sesin, ¢

perfl uor o%%%ﬁ?ﬁﬁ%%ﬁgg ggd%jﬁ@(%,ﬂi gﬁﬁ%ﬂ%ﬁ@fa t% y 20 %E?Shn-’ gnsc% ers,
propyl ene @hyedlixddakittywaer 4 afpia@bs Beidhik Rishd, kn 8RGoRMUNS resin
surfactants (al kyl carboxylic acids). Furt her, "al so when

pol yvi nyl sahgioh & inderfaaliy shie Bydguyini Hhhid @ the dFeparationbOhé Grst

wat er - sol ubl e pol ynmer or a phenyl group-containing acrylic acid-based
copol yner fobwedthane shees; tthy smbstitotidneif OME mdthhRsedgilatingiRiinjd @6agalatiani oni C
wat er - sol ubl e polymer renmains in 25the polishing pad, it is preferred
to rerdve anfirsgehgratpdnaefithaygplyurethane resin) frstaicchern titthé yurfaokefthe he
polishing pad is used in which no surfactant having high

hydr ephobipeisuyethane uesirosoditipn dm foymanisropbrgs vt shiavayey Hiagbrdingly,
hydrophilicity is used, as the foaming aid, cleaning is usually
unnecess areitrempl fiae ppenporescas formed emthe sunfare op dieiskinilaxgr. absoeiaied vary
known ones_  can be_usefg? S5CGenerally, there_ are used pgll i shing, slunies

in whi ch dhe3bsigpten ofd)YF sgthdhe coagylating liquid. c Jhereafierethe g2 g liquid

Conancl ng TR B8 e bR e B ARl e

col ol gal afehsk 1T BoFpplyhdiE Sub e of pVBE Yich Teisne heip i ey
Do for o1 g Eak R iSRS WAAEITHAR SR fnBRuch 1f TR M fibres,

a1 2 TSt Sy PSS 5L B D s o

such as tetra ane as a raw per

condensat isgRib e ﬁéu?%‘ asithe B RImERHasd RhiRGal DA fim GOIEYsShOPBANVE:

' sol vent such ajsggn al cohol to alllow partiacl es to g?ow. _ 15Th_eg?{1yr}rre&

1 silica is validhatheeshghiting Basd BRaset pibhas Usidalifsly,ehdpdrtSlosthki con
conpound such as silicon tetrachloride as a raw materi al and

per f ool ngridngdlapbytainsd shagtein whith 16 filre fRehis bkemaleid0QRG e posd 39 an
oxygen- hydrogen burner to allow particles to grow. Besides, there can
be used onege ahitraimied. bFurther, ftlcaicomdirds formgdtih drakinilhyee asd tAO pudes h
functional groups, ones in which the surface functional group state,
t he zeta formed in the pore layer are formed associated with desolvation of DMF, so that they

S
f

are communicated with one another in a three-dimensional net-like shape by continuous
pores having a pore diameter larger than that of the micropores formed in the skin layer

25  and smaller than that of the pores formed in the pore layer.
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LR

potential and the particle hardness are nodified by doping the
silicas with another element such as alum num ones conposited with a
surfactant or other particles, and the |iKke. Above all, the
colloidal silica is preferred fromthe viewpoint of decreasing the 25
surface roughness and scratches of the substrate surface. These
silicas may be used either alone or as a mxture of two or nore

t her eof . The prinmary particles_of these silicas _have an
average parti cl Q@%%ﬁﬁr&aﬁgﬁﬁy@%emm?ﬁg sesengipolyurethang sheel the | g

More pr of SRR fretic Svl e O otBr B EoRaent e oo PR

scr at ches, decr&l%ﬁl ngt he,. surface L QL

h GUI.J. h
pol i shi ng T g e eandt.]l(laS lfl%?rgfﬂﬁc £ ?’lgeqr% ﬁ%s:anﬁ]aolﬁfsg(hﬁéhtgg? %Vsa il Flhﬁnr ate

B ol R RS PLAR R L BV Bt
- M Cr osgopgy, ﬂeﬁn%@{sﬁ{r?gg%_m véf Wﬁ%ek&aﬂ%%&%ﬁ%&ﬁ]ﬁ%ﬁé‘éﬁj%ﬂéesS |

- M .cro-wavi ness

ure -a scanni ng

interfero L d a r Y Al o
|-ess. 10Fg)'r?% é:ré,()ﬁ,teﬁ{ea%ggt%t gjr?%{ﬂ%%%ﬁ?g’stgggﬁsf@ggﬁﬁ% he pgﬁ?gﬁ:&ﬁ% S gurry
I's typi calokganids8fent %ith the ¥edpilaBS Bquid becomed BBWOSY i the Srdb&idr of sUBY De
adjusted to acidity by adding an acid, or. may be al kalified by addi ng
an al kal i porkhas B thefifk0pdlestihbed shed iomhibhed, de@htake Rhetsededidny thandint he
degree of alkalinity, and polishing may be perforned at a suitable pH
cor r espondiyegof the dohdgolputehaseseshedt, et shfongedVnt dvtite tvheretiteygee adarlpH 1
to 14. As the acid used, an inorganic acid such as nitric acid,

hydr odbl orvenlpdisperasd. s Akéordinglyaihe dorealiansateraf grporesacusialipymdiler thard.

As the alkali used, a salt which is dissolved in water to show

al kat i ni t yhat efithh parss foutied in thy dorestiyeeof the fisss polymrethymtr heetded lagarthenum
sodi um car bonat e or sodi um hydrogen carbonate nmay be used. 1n order

t o i nhi bi that p{ibe sderppares fonnﬁﬁi:m(thmslqlmbv@ras Buther,tbe picreppdespf deoskisase i n
pH) duri n? polishing, adjustnment may be nmade by inparting a_buffer

ef fect t olaveeanddhe paiesaye &rmed pssociated withglesqlyatigh of P&Ié@,d AAERSHAE

whi ch are non-charged (noni oni ¢c) "or negatively charged, (anjoni¢) jn
wat er ar eofﬁaB]ICéPﬁ’@%’ ?Ortii?ﬁ HY B‘i“ﬁ%tg yith P’é%ﬂ’ggl]eﬂ%t%/'{hgq@‘ %‘3@5%%' e,
ani oni ol r ol yhydric al cohols (ethyl ene, gl ygol | ycerol,
Sor bi 151 " Rt Ranel cbMERnS pEpCR et 1o ArEs oSeh i P BEC
(gluconic_acid. citricpactd ldc. acid, succinic acid, tartaric
aci d, acePRgoRreand SR e oSl B o) for dry prevention,

L I ; i | h
o) ool |l ourens B SR pbRRuicht S0 fifine SphE) AR e i rifed "
cel | ul ose, gk By Mah il joffhd éiéplsz% ﬁ@%ﬁ@ﬁohaggmsu @Qﬁ@ﬂf"arege.ragl’r'p’ or

napht hal ene group-cont ai’ni ng” pol'yners (polyst Tonic acl

phenol sul t&atdtedred:s ﬂ'fecfﬂﬂ%hﬂn? BRI £ Sind BRRBLINAIpBRRRMANO Bhett is

acid-fomal i'n condensates and the like) for covering the glass surface
or t hggabjdisddue af bppdlitesiaé asficé of tE SHiR Lyl éf thd BB SINyurbBiide®h83tN IFor

sel ective polishing, anionic surfactants (al kyl sulfonic acids,

al | cyl ber jetniag,sjbinbmnisolusioh tiswhiah K yinak phtivdlo€ e pelifeline raiiig, al kyl

di phenyl ether sulfonic acids, arylphenol sulfonic acid-formal dehyde
condensat disolekdin DNIF aphltchusk én eA sthisf poiyucetiraie deasimg ite: satwe pblykethasher 10
decreasing the surface tension of the polishing slurry, and the |ike
may be addsih dsmsedinttizbiinst zndecnnd polyurethane sheetsosgdedt hEhqahduwmhofthe
conditions are also not particularly restricted, for exanple, the

pol i shi ngpplyesthanerchis disselved inbloy cxginkie from ahont] toabput 3%.hi Hagnpthe Sisstr e
of less than 3 kPa results in a decrease in stability of the circular
gl ass?2p| ated sgeondywlyirethangfshacds are pilewidig conagtavith qach @%@qd.hrongh ther esul t

there is the possibility of increased waviness of the main surface.
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silica concentration in the polishing slurry, the polishing pressure,
the nunber of rotation and the like. 20Incidentally, the main surface
may be prelimnarily polished before the above- nentioned polishing
of the main surface. This preltimnary polishing of the main surface
can be perfornmed, for exanple, by putting the circular glass plate
bet ween polishing pads, and rotating the polishing pads while
supplying a cerium oxi de abrasive grain slurry or a silica abrasive
grain sl urieiningwittien, andtheated wder prossure, whereb R isaplaghzeddo istin thadirstai n
surface, cleaning and drying are perforned to obtain the glass

subst r at e agrseeongpglyatethang shegts torpash ethentirongh thepolyvaethansgesip.
performed by known npethods._ For exanple, imrersion in an, acidic

det er gent sol ut iAdkricniag fufine tratsnpsperfamnedits 8 sudace QAPAIIR 1 thee

et orSent PR S R L S R R A e
i nrer s i n alk | i ne .defergent .sol uti.on and_, ultrasonic. cleaning in
Care i ibmat o sphnd PolyEals Spty YA Ron 1R oons i B die
gr)sli ﬁg b;/r@fngpth d SE h as_isopropyl, al, ohonﬁ vapor drying or s F%l-_dry
drying. | il gHpaton, atd EFerneelss Ofaled on HERRTacETRreat, | M hoRvenais i,
becones h%gopéabs,]&gé&%h%&%&?&tcaki ng of the polishing material to
a

t he polishi'ng surface, s he above-nentioned i nternati onal

- rubber hardness § N : Mush . i ' &gggred
to that before %W@Eﬁ?%ﬁ%ﬁ%mﬁkdn tﬁgggéﬁlg%%g%ga . S
subj ect ed Iﬁébs&@@bfﬁﬁ?@ nihdd e@kARA o 119 Ki6D§3 %H@tiﬂ@ﬁﬁﬁiov@ég ﬁlﬁé Ghaicbed

above to cut off the hardened polTshing surface, thereby exposing a

new y 1foor B He SbHtAIASE vk SRR befSr8kEtledd@ to POIiftnd B hajubed ¢ or
regenerating a soft polishing surface, which reduces a | oad applied
to the edggorefpréfemblitags IRHBE mwe. C ITHiatesafilkndl PubbaLhROlcksdghg ipad
and makes it 15 possible to use the polishing pad again for

pol i shi ng.mdaxasg beasing a micro-sikh intérnatnbl rabbashhddndse dégres Mmeter.d e plunged
below with reference to exanples and conparative exanples, but should
not be corevingduvasdiehamg 4 spheticatisurfaes with 2 dRBRte pdif Atmons dfowEd o
Article A silicate glass plate forned by a float nethod was
pr ocessed contaghpetpeadigdadinwith aphlishing seifacanfale prliskisg padatd. 3 mNdpr Zul ar
gl ass plate having a circular hole at the center _thereof) as to

obt ai d5a dgrepsds @uimary load), aust them grested chereinpt K4 md) fon3@mintesdfullet er
of 65 mm _an_inner, dianeter of 20 mm and a pl ate thickness of 0.635
mm 251 nndeadindlhsintemaiians! phberhardngsidegire andetamined ipng the press-in depth

Soughnut ShoRSt Bl EHLAR LA PLOLSHIEIE ShATiorttolg B bl
by usi ng_ IR AR BRI Eor aci ve grain. and The abras,ve grain uas
removed by cl eamnlﬁ%r, the surface layer of the polishing pad is subjected to dressing
20 treatmént, thereby adjusting the open pore area ratio of the polishing surface (the

contact surface with the circular glass plate) preferably to 8% or more, more preferably

to 9 to 40%, and adjusting the average circle equivalent diameter of open pore (average

open pore diameter) preferably to 10 pm or more, more preferably to 20 to 30 pm.

The polishing pad adjusted as described above is used. The dressing treatment can be .

25 perfonnéd by known methods.  For example, the surface Iayef of the polishing surface
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Then, mrror polishing of the edge surfaces chanfered was perforned
by brush 5 polishing using a ceriumoxide slurry as a polishing
material and a brush as a polishing instrunent, and cerium oxi de was
renoved by cl eaning. The renoval -anmount was 40 pmin total in the
radi cal direction. Thereafter, polishing processing of the
upper and | ower main surfaces was perforned with a doubl e-sided
pol i shi ng machi ne using a ceriumoxide slurry (average 10 particle
si ze of ceHithppodishiagpadissufoffitor nypdetesmingd denth.gsnerallnieneio hapdmsagiofs
hard urethane pad as a pol,jshing instrunent, and cerium oxi de was

removed  byTIETBEEHRTHYY uHRg 2d5sd0e Plaiets ahch diamaond ggain isfitedt al in the
t-hi ckness directjon of.the upper and | ower npin surfaces. Further
pol i shing pr ocei@? ngll%mgtpﬁ%ﬁﬁﬁﬁ%w&%ﬂm%m%@ﬁ PO pates iy the fuside
per f or med ed poli.s machi ne usi ri um oxi de

it doubl.e- sj i
(aver age ﬁg‘?r?‘?r}c%éi %Jufbb%fs PO .Sé”lb?tﬁar}gg’\?ip%"s&p :b?'g?ec Vel %ge

particl.e size than. he .abgve-nentioned cerj,um oxi.de..as a poli shi ng
materi 41 AECIEILEP O ch Gk g0 iR RC o Ft R o gt dhe
cerium oxi Cl i . S m i-n
Cotal i (he PPRS o ATRESHE B TR PRyl kPR Blen BB M B ek
20Pol i shi ng: Pa : .S e Vi ng
a pad Iayg%ldt?hiq?c neer’s%legﬁg ![a %gggkg{rﬂgﬁc}e{sagﬁgﬁ%%fei% iaBI ggaia\%géb eap &
prepar ed. ofsnAckQMBlind, AYRE diadferd Y bAbujated BORIES SieRipbtd dfcafof 3% OF

| ess at act hIpC ness %f 200 10 m was usg"_g. Tﬁe con%dreggi b%?algtoy' was
det er m nededBYcti8 bpéh For&Hb ABRARInk YRRt RIcGHNAST HRKH&AE, 208 HRIHSBPE | Zi ng
surface was 25 circular with a dianeter of 1 cn) according to the
Japangse higdetFiid taldn 2SSt larags citelt Sydivaléde dlamefep 6Eb e Gateks Yavefa2€ open

t hi ckness tO after pressurized at an initial |load for 30 seconds
was--rreas upest, diander).neWhed the obéri pdea axea rdtio isfesstharaf % ppedidhing resisaande f or 5
m nutes under a final pressure. The conpressibility was cal cul ated
from t he fimrdases tngause thetpossibilityhed braakpgead theitcikay glagdplate during polishing.
(t0-t1)/t0x100. At this time, the initial |oad was 100 g/cn2, and the
final pregythe, aproblempdsoprisesthat(thepoliphing sRoygodaind)the palishing materiab

t hi cknesses of 5 an NAP | a%/er ‘and the lower |ayer were determ ned
from an Sk sHisiopty sunpligdtaghe iterfage between the polishingurd endithe girgjar
Keyence Corporation, a 3D real surface view m croscope, VE-9800).

Furt hdf, &hkes platednBden gie avsrage pRADIROR Heeraids ess thap 48 yme theppare he
foll ow ng _procedyre. .That is t.o say,,the poljshi surface of the
pol i shi ng PRRRPRREA Senig et aihe oeat Bofishingdt Bebarniie RGfs t Poreds o
to which a di anpnd abrasiyv rain s.41xed to.open, pore nd then,
cleani ng. FeblROPR oL BattFe Ay R Remsioh e siePurP Bgof Biechte Biedtiar
and the addj ti. : f u i tion ol i shing
pad.  Ther Aoty fing i BTA, B8 Gudsingitgh eVl bR
measur ed .he sd Rt Pﬁg%m‘{ﬁ :ﬂf:'fﬁif t : ter
was al | owe 'Le%?ﬁ)sztggxa?% Icl n'&tﬂ y ton a%' ﬁéﬁgﬁé 1 ?]a(}:g{fe @ﬁ%ﬂ@ﬁ«%}%@%&h@g‘?ﬁ‘
i nt er nat i ghRke 4 HBRBEARAEINES ForfiGRTISENIRANH Bflsel ufsqy | oned
M net hod was err%asuré% wﬁﬁ?ﬂ an I%[i mer o ha"r%dsne)sigt%12‘(2[1?.1ﬁé‘?pe({fzslﬁiﬂ%&:t
gener al - purPRs&isAitd omati ¢ hardness meter for rubber, D gitest |RHD
M cro, manufactured by H Bareis Conpany) using an |RHD mcro ‘
detector. The pRkidsftaing thiasheiPsrefaronattid sdah®iaip8 citble eh@valontidtdmdig
machi ne, and the 20 polishing surface thereof was subjected to the
dressi ng bf thakunt layst ofyhé pelistingad ngs pdladlged by 1aking i 1aepimiviskeggeai n
was fixed to cut off the surface |ayer. The dressing treatnent was
carri ed oithagefmamsharedbe Keyehce Corprgativasa gedorf 33 hiedt micdecope SVE9F60,
rotation of the dressing plate and then under normal rotation
t here@f, AEIIT10@oEhE treated burfash amd wshny angmagsarmabrzéonmmdfaefaidddysuppl yi ng
pure water. The polishing surface was dress-

Keyence Corporation, analysis application, VK-H1A1).
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25 treated to an average open pore dianmeter of 10 jam thereby
adjusting the polishing surface of the polishing pad. Polishing of

A ass Plate Using the polishing machine to which the dressing-treated
pol i shing pad was attached, the polishing pad was cleaned with
water, and then, the test article was polished. -In the polishing _
slurry, .a colleidal silica slurry (average particle size of 5 primary -
particles: 20 to 30 nm concentration of silica particles: 48% by
nmass) was used aA§rtBery digrestn iopmas producsd bp Adesking atesiningrhiel} 4 foemingpid he
pol i shi ng .conposition was a&'-usted to 15% hy nass with pure_ water,

and the pHS W&STPRHSILP dormt-o Of mygemplypsed it fqapingaid, therg ishBrfaghnt

e e
Vel oot ty LRSI i BRCR by it b CaePi T ey s
emovaP afSTHEPES Eaperafiabt bRE L it hE Bk 0 (ne

oot o S L s A 0 A 58 B

ol ut 1 on SATTT ndhite? a B Enb TR ERR o ol Bl Apdeh SR GHAET

are in tur r ged ' i ‘ : : en,
The dubof 1 PeaTveg: Fa el BUPEY st Bcl il ROISHIRRAN s cup ot by 1
nmeasur ed Riyeskinp B8aimeRtC BAGh Dganthy s Perfbiafdl wHtk ShfB¥iREBLE WwatdNeinhgW
7300, manufactured by Zygo Corporation, for each term nation of

pol i shiong.caddeaBet BEBPEn pifde WS rAiBd€lebOharb8 s Ut Ihd BlefiFe Bén ¢ SAmeiPR
substrates), and substrate edge surface neasurenment was nade at top
sur f-ace amls thahaOpentieudifchage of the aerhaising ichdiyéropAdbid Surfakcaatisy i n
total. Further, the renoval anount was determ ned by nmeasuring the
wei ght s ofcledning s4n @t b perdenizd efficendpdndifufBeientyl | Sividegtalyythe distharge

pol i shing batch éla val ue of a decrease in weight divided by the
surface adegreobf thieemaimisg highdiydreghetheswsfactantliyclgningicay be &vabfateyl fams
(2.47)). Then, the renoval anmount (one surface side) determ ned by

t he wei ghthefstfaesdension oflanleanirgdiquidns thenoliskingsluayd thestatig surfest ue
of the duboff val ues (duboff Land _duboff 2) was plotted on the
or di ndfe. tElomIS/GIPNAR o moge, iticAR Be saidiorhsEoa%t i on fornul a thereof, the

renoval anount ndency .of the duboff . val, s.eval uat ed, thereby
evaluating poli gﬁ?ﬁﬁvﬁ'&f{ew& aiqnds having b/ thwpx%mﬁﬁ'gem ch

s 1%, e A A e o A e
120 & Wil itk Sl bl Rt G4 1Bt dubot

| is ] ' goqg” i NG AuSh f th

2R AR o bR R0 S0
ol 10 BEAl S e SRS S0 65 Liridorsard (A 1

det eri or atAB8xylic acids). AS shown in Table 1, the circular glass plate is
inhibited fromsinking in the polishing pads, and the surface |ayers
of the polishi n&rﬂ@d%lsarvﬂlehlﬁbiybhﬁﬁﬂcéﬂopﬂﬂ gy DY RBIRRINE ds @A6hionic
contracted during polishing to show good duboff values, that is to
say, bot hwiateg-sellible polyater st 4 plsergf grotyb odritaiding Aetylibifod-basdd coporyidrasuch t 0
3) by adjusting the total : '

as a styrene-maleic acid-based polymer) as an anionic water-soluble polymer remains in

25  the polishing pad, it is preferred to remove this by cleaning.
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15 thickness of the polishing pads to 550 gmor |ess, the thickness
of the NAP |ayers to 400 pmor |ess, the thickness .of the | ower

| ayers to 50 to 250 urn, opening the pores by the dressing treatnent,
and adjusting the international rubber hardness degree by the M
method in a state where pure water is allowed to be contained to 40

| RHD or nore, according to the invention. Both the duboff val ues of

'L?Z.f Posutt Qieﬁ IR w&é’eﬂghﬁg@é i 5 'V%hﬁ”ﬁé;sgﬁem ?'Péhf .
o AR Ra e bR TR A A R M SRR DR B A%

arative Exanples, the surface

f
Ir SLS[1n:;g@iﬂg‘%g\ﬁe?sdﬁanin?ﬁ]uﬂaﬁy@&ecgﬁmgr | polishing bat ches, and the
bat chos. | Tabl o TEetidk SR Eefory i ish RR Sk, Ao kg B °§$*> R kness
(Pm '50""%5enl31%}1§ there QreaRlH E&shiﬁé@lul‘r?éﬁ% whief} a colloidal silica ora- fumed silica

is used as the polishing material and various additives are incorporated for e_nh_ancmg

polishing efficiency, and can also be ﬁsed in the invention. An exmnp1§ ofthe -
polishing sluzry is shown below.
The colloidal silica is obtained by a water glass method using an alkali metal

10 silicate such as sodium silicate as a raw material and performing a condensation
reaction in an aqueous solution to allow parti‘cl'es to grow, or an a]kbxy silane_methb_d
using an alkoxysilane such as tetraalkoxysilane as a raw materiél and performing a
condensation reaction in water containing a water-soluble organic solvent such as an
alcohol to allow particles to grow.

15 The fumed silica is obtained by a gas phase method using a volatile silicon
compound such as silicon tetrachloride as a raw material and performing hydrolysis
u.ndé_r a high temperature of 1000°C by using an oxygen-hydrogen burner to allow
particles to grow. |

Besides, there can be used ones obtamed by surface-modifying these 51hcas |

20 w1th finctional groups, ones in  which the surface functional group state, the zeta |
potential and the particle hardness are modified by doping the silicas with another
element such as aluminum, ones composited with a surfactant or other particles, and the
like.

Above all, the colloidal silica is preferre& from the viewpoint of decreasing the

25  surface roughness and scratches of the substrate surface. These silicas may be used

either alone or as a mixture of two or more thereof.
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300 310 Total Thickness 450 500 385 Pad Hardness (IRI-ID-M 46 49 50
Duboff 2/ Renoval Amount (a) 6 11 Judgnent (Good: 15>a) Good Good
Good Duboff 1/ Renoval Amount (a)
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" The primary particles of these silicas have an average particle size of 1 t0 100

nm. . The average particle size is preferably from 1 to 80 nm, more preferably from 3 to

60 nrn and still more preferably from 5t0 40 nm, from the \Er.i'ewp'o_ints of decreasing

scratchés, decreasing the surface roughness and securing the polishing rate.
I_nci_dentally, in the invention, the polishing raté is preferably higher and is preferably
0.03 ym/min or more. Furthér, the surface roughness (Ra) measured with an AFM
(atomic force microscope) is preferably smaller and is preferably 0.2 nm Qf Iqs_s.
Micro-waviness (uWa) measured with a scanning white light interferome:ter is
preferably smaller and is preferably 0.2 nm or less.

Further, the content of these silicas in the polishing slurry is typically from 5 to-
40% by mass. : -

The polishing slurry may be adjusted to acidity by addiﬁg an acid, or may be
alkalified by adding an a]kali. There is no re_striétion on the degree of acidity and the

* degree of alkalinity, and polishing may be performed at a suitable pH corresponding to

the purpose of polishjng within the range of pH 1 to 14.  As the acid used, an inorganic
acid such as nitric acid, hydrochloric acid or sulfuric acid, or an organic acid may be
used. As the alkali used, a salt which is dissolved in water to show alkalinity, such as
sodium hydroxide, potassium hydroxide, ammonium, sodium carbonate or sodium
hydrogen carbonate may be used. In order to inhibit fluctuations in pH (an increase in
pH and a decrease in pH) ﬁuring polishing, adjustment may be made by impafting a
buffer effect to the polishing slurry.

As the additives, materials which are non-charged (nonionic) or negatively
charged (anionic) in water are preferred from the viewpoint of cleanability. For

example, anionic polymers, polyhydric alcohols (ethylene glycol, glycerol, sorbitol,

‘mannitol, diglycerol and the like) and organic acids (gluconic acid, citric acid, malic

acid, succinic acid, tarfaric acid, acetic acid, oxalic acid and the like) for dry prevention,

17
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Judgnent (Good: 2 5>a) Good Good Good Overall Judgnent Good Good Good
Table 1.continued Conp. Ex. 1, Conp. Ex. 2 Conp . Ex. 3 Conp.
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_anionic polymers, saCChaJ-ides (trehalose,'Finetose, pulluian and the liké), cellulosic

p'dlYmérs’ (hydroxyethyl cellulose, hydroxypropyl cellulose, carboxymethyl cellulose |
and the like) and phényl group- or naphthalene group-cdntaining polymers

(polystyrenesulfonic acid phenolsulfonic acid-formalin condensates,

' naphthalénesulfonic acid-formalin condensates and the like) for covering the glass

surface or the abrasive grain surface to protect it, thereby performing selective -
polishing, anionic surfactants (alkyl sulfonic acids, alkylbenzene sulfonic acids,
alkylnaphthalene sulfonic acid, alkyl dipheny] ether sulfonic écids, arylphenol sulfonic
acid-formaldehyde condensates, dibutylnaphthalene sulfonic acids and the like) for

decreasing the surface tension of the polishing slurry, and the like may be added in

. suitable amounts.

Although the polishing conditions are also not particularly restricted, for
example, the polishing pressure is preferably 3 kPa or more. A polishing pressure of
less than 3 kParesults in a decreasé in stability of the circ_ulal_r glass plate at the time of
polishing to tend to flap. As a result, there is the possibility of increased waviness of
the main surface. Further, the removal amount of the main surface is suitably from 0.3
to 1.5 pum, and controlled by adjusting the supply améunt of the polishing slurry, the
silica concentration in the polishing slury, the polishing pressure, the number of
rotation and the like.

Incidentally, the main surface fnay be preliminarily polished before the above-
mentioned polishing of the main surfaée. This preliminary polishing‘ of the main-
surface can be performed, for example, by putting the circular glass plate between
polishing pads, and rotating the polishing pads while suppl.yin'g a cerium oxide abrasive
grain élurry or a silica abrasive grain shurry,

“Then, after the above-menﬁoned polishing of the main surface, cleaning and

drying are performed to obtain the glass substrate for a magnetic disk. The cleaning

18



Ex. 4 Conmp. Ex. 5 Conp. Ex.6 Pad Layer Thickness (Pm) Lower Layer 170
185 0 0 385 NAP Layer 495 _

and drying are performed by known methods. For example, ilnmersi_o_n in an aci(tic-
détergent solution, a neutrel detergent éoltrtien or an alkaltne detergent solutieh, scrub
cleamng with Belclean and an alkali detergent or an acid detergent, ultrasonic cleanmg
in a state 1mmersed in an alkaline detergent solutlon and ultrasonic cleaning in a state

5 immersed in pure water are in turn performed, followed by drying by a method such as -
isopropyl alcohol vapor drylng or spin-dry drymg._

Incidentally, the polishing pad which has performed bolishing becomes hard by
aggregation and caking of the polishing material to the polietﬁng surface, so that the
above-mentioned international rubber hardness degree measured by the M method

. 10 increases compared to that before polishing. For this reason, the_polishing pad is
- subjected to the dressing treatment inthe same manner as described above to-cut off the
hardened polishing surface, thereby exposing a newly formed surface withotut caked
polishing material and regenerating a soft pqlishjhg surface, which reduces a load
applied to the edge of the glass plate which has sunk in the polishing pad and makes it
15 possible to use the polishing pad again for polishing.

Examples

The invention will be further described below with reference to examples and
comparative examples, but should not be construed as being limited thereto.
20 Preparation of Test Article
A silicate glass plate formed by a float methqd wés processed to such at
- doughnut-shaped circular glass plate (a circular glass plate heving a circular hole at the
center thereof) as to obtain a glass substrate for magnetic disk heving an outer diameter
of 65 mm, an inner diameter of 20 mm and a plate thickness of 0.635 mm.
25 Inner and outer peripheral edge surfaces of this doughnut-shaped circular glass

plate were chamfered to a width of chamfer of 0.15 mm and an angle of chamfer of 45°.
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The'rcafter; lzipping of upper and loﬁer su;faées of the g_la's's'plate was performed by
using an.alilminum oxidé abrasive grain, and the abrasive grain was removed by )
cleaning. |

Then, mirror polishing of the edge:_surfaces chamfered was performed b'y‘Bi‘us‘h
polishing using a cerium oxide slurry as apolishing materiél and a brush as épolishihg

instrument, and cerium oxide was removed by cleaning, The removal amount was40 .

" um in total in the radical direction.

Thereafter, polishing processing of the upper and lower main surfaces was

- performed with a double-sided polishing machine using a cerium oxide slurry (avefage

paﬁicle size of cerium oxide: about 1.1 pm) asa polis_hing material and a hard urethane
pad as a polishing instrument, and cerium. oxide was removed by cleaning. The
removal amount was 35 pm'in total in the thickness direction of the upper and lower
main surfaces,

Further, polishing processing of the upper and lower main_ Surf_a_ces was
performed with a double-sided polishing machiné using cerium oxide (average particle

size: about 0.5 um) having a smaller average partiEIe size than the above-mentioned

cerium oxide as a polishing material and a soft urethane pad as a polishing instrument,

and cerium oxide was removed by cleaning. The removal amount was 4 pm in total in
the thickne.ss direction of tﬁe upper and lower surfaces.

Polishing Pad

Foamed polyurethane polishing pads each havi'rllg apad layer thickness and a

pad. hardness shown in Table. 1 were prepared. As a lower iayef,‘ one having a
compressibility of 3% or less :%1t a thickness 0of 200 um was used. The compressibility
was determined by using a schopper type thickness tester (a pressurizing surface was
circular with a diameter of 1 ¢cm) according to the Japanese Industrial Standards (JIS L

1021). Specifically, the thickness t0 after pressurized at an initial load for 30 seconds
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36 , 53 47 46 Duboff 2/ Renoval Amount (a) 39 23 14 10 34 13 Judgnent

( Good;
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15>a) Poor Poor Gol od Good Poor Good Duboff 1/ Rernoval

was mgasured, and then, the thickﬁess t1 after allowed to stand for 5 minutes under a
final pressure. The compréésibility'was calculated from the following equation: the
compressibility (%) = (t0-t1)/t0x100. At this time, the initial load was 100 g/cmz, and
the final pressure was 1120 g/em? (see JP-A-2008-36786).  Further, the mickilesses of

‘an NAP lziycr and the lower layer were determined from an SEM observed image ofa

~ cross section (manufacturéd-by Kejenc_:_e Corporation, a-3D real surface view

microscope, VE-QSOO).

Further, the hardness of each polishing pad was measured by the following
procedure. That is to say, the polishing surface of the polishing pad was sﬁbjecfed to
buffing treatment using a dresser to which a diamond abrasive grain was fixed to open
pores, and then, cleaning is thoroughly performed with pure _wafer..to remove pad swarf.
and the additive (surfactant) used in the production of the polishing pad. Thereafier,
the international rubber hardness degree was measured By the above-mentioned M
method in a state where pure water was allowed to be sufficiently contained,
Incidentally, the international rubber hardness degree measured by the above-mentioned
M method was measured with an IRHD-micro hardness meter (a general-purpose
automatic hardness meter for rubber, Digitest IRHD Micro, manufactured by H. Bareis
Company) using an IRHD micro detector.

The Apolishing pad was fixed to a platen of the polishing machine, and the
polishing surface thereof was subjected to the dressing treatment using the dressing
plate to which diamond grain was fixed to cut off the su_rface layer. The dressing
treatment was carried out in a step where dressing was performed under reverse rotation
of the dressing plate and then under normal rotation thereof, and thereafter, brush
cleaning was performed while supplying pure water, The polishing surface was dress-
treafed to an .average open pore diameter of 10 pm, thereby adjusting the polishing
surface of the polishing pad. |
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Amount (a) 0.1 -1 4 3 7 3 Judgnent (Good:2.5>a) Good Good Poor Poor

Poor

Poor

Overal | Judgraent Poor Poor Poor Poor Poor

Pohshmg of Glass Plate
Usmg the polishing machine to which the dressmg—treated pohshmg pad was

attached, the pohshmg pad was cleaned with water, and then, the test article was

- polished. Inthe polishihg slurry a. colloidai i*Silica eIurry (average paft'icle si-.ée of

10

primary part1cles 20 to 30 nm, concentration of silica partlcles 48% by mass) was used
as araw materlal "The concentration of sﬂlca in the pollshmg COIIIpOSlthIl was
adjusted to 15% by mass with pure water, and the pH was adjusted to 4 fo 5 Wlth citric
acid and sodlum citrate. A 16B type double-31ded polishing machine manufactured by

Hamai Co., Ltd. was used as the pohshmg machme, and polishing was performed ata

_polishing pressure of 12 kPa, a carrier penphegal velocity of 40 m/min and a_piphshlng

slurry supply rate of 120 ml/min for 5 minutes?, 10 minutes and 20 minutes, refs:pectively.

| The removal amount was controlied by the polishing time. Then, for the test article

15
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25

which was polished, immersion in an acidic de:étergent solution, scrub cleaningwith

Belclean and an alkali detergent, ultrasonic clefaning in a state immersed in anéelkaline
detergent solution and ultrasonic cleaning in a%state immersed in pure water ar'e in turn
erformed followed by drying with IPA vapor | |
Then, the duboff values {duboff 1 and duboff 2) of the test article were
measured by using a scanning white light mter;ferometer, New View 7300,
manufactured by Zygo Corporation, for each termination of polishing. . Measurement

was made for 5 substrates per batch (100 substrates), and substrate edge surface

~measurement was made at top surface and a bottom surface of each substrate, at 10

places in totai. Further, the removal amount was determined by measuring the weights
of 5 test articles before and after polishing for each polishing batch (a value of a
decrease in weight divided by the surface area of the substrate and the specific gravity
of glass (2.47)). Then, the removal amount (one surface side) determined by the

weight method was plotted on the abscissa, and the averege value of the duboff values
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Poor Table 1 (continued) Conmp. Ex. 7 Conp. Ex. 8 Conp.- Ex. 9 Conp.
Ex. 10 Conp. Ex. 11 Pad Layer Thickness (1-1-n) Lower Layer 225 115
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' (dubbff 1'and duboff 2) was plcit_ted on the ordinate. From a slope of a linear

. appro?;imation_ formula théreof,.the removal amount dependency of the duboff value

was evaluated, thereby evaluating polishing pad chéracteristics. _ _
The polishing pad which doés_ not increase in the duboff values (dub'of_f-l and.
duboff 2), even Wﬁen the removal amou_nf increases, is'an excellent poli‘shihg pad

ﬁaving a_high effect of inhibiting duboff deterioration. For duboff 2,' dne ha_ving'a .

~ slope of the linear approximation formula of 15 or less is judged as “good”, and for

duboff 1, one‘having a slope of the linear approximation formula of 2.5 or less is judged

as “good”. _ The polishing pad satisfying both the characteristics is the excellent

. polishing pad having the high effect of inhibiting duboff deterioration. -

. As shown in Table 1, the circular glass plate is inhibited ﬁ‘onﬁ sinking in the
polishing pads, and the surface layers of the polishing pads are inhib_ited from be‘iﬁg
elongated and contracted during polishing to show good duboff values, that is to say,
both the characteristics of duboff 1 and duboff 2 (Examples 1 to 3) by adjusting the total
thickness of the polishing pads to 550 pm or less, the thickness of the NAP layers to 400
um or less, the thickness of the lower layers to 50 to 250 um, opening the pores by tﬁe
dressing treatrrleﬁt? and ladj usting the international rubber hardness degree by the M
method in a state where pure water is allowed to be contained to 40 IRHD or more,
according to the invention. Both the duboff values of the polishing pads not satisfying
the above-mentioned conditions are insufficient (Comparative Examples 1 to 11).

Further, the surface roughness (Ra) was measured with an AFM, and the
surface waviness (WWa) was measured with a scanning.white light interferometer. In

Examples and Comparative Examples, the surface roughness (Ra) was 0.2 nm or less in

ol polishing batches, and the surface waviness (pWa) was 0.2 nm or less in all

polishing batches.
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0 200 NAP Layer 500 495 290 500 705 Total Thi

4 ckness 725 610 290
700 705 Pad Hardness (ERHD-M 44 :

Table 1 S
_ | Examplel | Example2 | Example 3
e . | - Lower Layer - 150 - - 200~ 75
Pad LayfrTf“’kness NAP Layer 300 300 | 310
R Total Thickness | . 450 | 500 - 385
" Dad Harduess (RED-M) . | 46 9 | 50
-, Duboff 2/ Removal Amount (a) 6 11 -5
. Judgment (Good: 15>a) -~ - 'Good Good Good
Duboff 1/ Removal Amount (a) ol 0 s
"~ Judgment (Good: 2.5>a) ~ Good Good | Good
Overall Judgment " Good Good © Gopd:

Table 1 (continued)

Comp. | Comp. | Comp Coinp; - Comp. -(  Comp:
1 Ex. 1. , Ex: 27 . Ex.3 Ex.4 Ex. 5 ‘Ex.6
‘ Ii‘;‘)’f;f 170 | 185 | 0 0 | 38 | 0
Sl Pad Layer NAD e - L - - 1 '
: " Thickness Layer 495 460 | 460 285 320 475
U ol | s | aso s | s | 475
Thickness A
Pad Hardness 30or | 30o0r 1 ‘
(IRHD-M) less less 36 33 47 46
Duboff 2/ Removal T
Amount (a) 39 .?.3 :14. 10 34 13
Judgment: (Good: 15>a) | Poor Poor | Gobd Good Poor | Good
Duboff'1/ Removal P NE
: Amount () 0.1 -1 4 3 7 3
Judgment (Good:2.5>a) | Good | Good | Poor Poor . Poor Poor -
Overall Judgment Poor Poor | Poor Poor '| Poor Poor .

24




45 45 41. 35 Duboff 2/ Rempoval Amount (a) 30 26 11 24 31' - Judgnent
(Good: 15>a) Poor Poor Good Poor 1 . Poor Duboff 1/ Renoval Anmount -

(a) 13 3

Table 1 (conﬁnued)

Comp. | Comp. | Comp. | Comp.. Comp
, CEx.7 Fx.8 | Ex.9 | Ex.10: Ex 11
?ad'Layer 7L0w_er.LaYer-f 225 115 - | 0 -200 | 0 -
Thickhess | NAP L,aye: 500 | 495 290 500 - 705’
: : Total- : o . Ane
#Bm) ) Thickness | > | 810 | 20 ] 700 | 705
Pad Hardness (IRHD-M) 44 -45 45 . 41 1. 35
Duboff 2/ Removal Amount(a) | 30 | 26 11 24 | 31
- Judgmént (Good: 15>a) | Poor Poor | Good Poor | |- Poor,
Duboff 1/ Removal Amount (a) | 1. 3 3. TEERE S i
Judgment (Good: 2.5>a) Good Poor Poor | Gbad |
' Overall Tudgment Poor “Poor Poor Podr |

- While the invention hag ‘been described in.df;tailf and \%Nith réferencei:' to spét:iﬁc
embodiments therggf, it will be apﬁa_rent to one ;skillelc_l in'the art fhat va:ious;.c;llapgeé
5 . and modifications can be made therein v;vithout departing from the spirit and :sé:ope
thereof. | |
This application is based on Japanese Patént Applications (Patent Application

Nos. 2008-307633) filed on December 2, 2008, the entirety of which is incorporated

herein by way of reference

10 All references cited herein are incorporated by reference herein in their

entirety.

25




S T E R v b

FIIEIT AT

P

1' " 1 Judgnent (Good : 2.5>a) Good Poor Poor Good Good ' Overall
Judgnent Poor Poor Poor Poor 1 Potir, VWil e the invention
has been described in detail and with-reference to specific

enbodi nents thereof, it will be apparent to one skilled in the art

t hat various changes 5 and nodifications can be nmade therein w thout
departing fromthe spirit and scope thereof. Thi s application

I s based Applications (Patent Application. Nos.
2008- 30763@#&??@%3 er 2, 2008, the entirety of which is
i ncorporated herein by way of reference. 10Al|l references cited.
herein are incorporated by reference herein in their entiret y.

1. A method for prodUcirlg a glass substrate for a magnetic disk, said
method comprising a step of pohshmg a main surface ofa cucular glass plate whlle
supplying a polishing slurry cc)ntammg a polishing material,

wherein polishing is performed, after a polishing surface is subj ected to
dressing treatment, by using a polishing pad having: a ﬁrst resin foam layer which
forms ‘thg polishing surface, comprises a resin foam having pores wi'th.a pore diameter
of more than 20 pm and has a thickness of 400 i.Lm or less; and a secon:d resin foam

~ layer which is provided between a platen for fixing the polishing pad and the first resin
- foam layer, comprises a resin foam having pores with a pore diameter 0f 20-um or less
| and has a thickness of 50 to 250 pm,

and wherein a total thicknéss of the first resin foam layer and the second resin
foam layer is 550 pm or less, and a international rubber hardness degree of the polishing
pad measured by the M method according to JIS K6253 is 40 IRHD or more.

2. The method for producing a glass substrate for a magnetic disk
according to claim 1, wherein the second resin foam layer has a compressibility at 200

um of 3% or less.

3. The method for producing a glass substrate for a magnetic disk
according to claim 1 or 2, wherein an open pore area ratio. of the polishing surface is -
adjusted to 8% or more, and an average circle equivalent diameter of open pores of the

polishing surface is adjusted to 10 um or more, by the dressing treatment.
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VWHAT IS CLAI MED | S: 1. A nethod for producing a gl ass
substrate for a magnetic disk, said nethod conprising a step of
polishing a main surface of a circular glass plate while supplying a
polishing slurry containing a polishing material, wherein
polishing is performed, after a polishing surface is subjected to
dressing treatnent, by usrng a polishing pad having: a first resin

foam | ayer whlcq for %hgﬁtkiﬁr sur afﬁ%ﬂr %%ﬁ%%ﬁghnfa<n f oam R

havi ng pores with a p e

L?Li.kﬁfiésﬁgroré%%*%ﬁ% ba, %?%%#S‘e% ﬂwé BB b S
dramster o B9 ‘%“1“%%9%%%@8%11 st ias o9 ARt " ©

and wherein a total t hi ckness of the first resin foam /|l ayer and t he
second resin foamlayer is 550 pmor less, and a international rubber
har dness degree of the polishing pad neasured by the M met hod
according to JI'S K6253 is 40 I.RHD or nore. -~ 2.-The method for -
produci ng a gl ass substrate for a nmagnetic disk according to claim1,
wherein the second resin foamlayer has-a conpressibility at 200 m of
3% or |ess. 3. The nethod for producing a glass substrate
for a magnetic disk according to claim1l or 2, wherein an open pore
area ratio of the polishing surface is adjusted to 8% or nore, and an
average circle equival ent diameter of open pores of the polishing
surface is adjusted to 10 mor nore, by the dressing treatnent.

4. The net hod for producing a glass substrate for a magnetic disk
according to claiml1, 2 or 3, wherein after a surface |ayer of the _
polishing pad is cut off. by the dressing treatnent, brush cleaning is.
per f-ormed whil e supplying pure water.
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