DESCRI PTI ON TI TLE OF THE | NVENTI ON: POLI SHI NG PAD, PRODUCTI ON METHOD FOR
SAMVE, AND PRODUCTI ON METHOD FOR GLASS SUBSTRATE 5 TECHNI CAL FI ELD [ 0001]
The present invention relates to a polishing pad (for rough polishing and
finish polishing) used at the tinme of polishing a surface of a matter to be
polished, for exanple, 10 an optical matter such as a lens and a reflecting
mrror, a silicon wafer, a glass substrate for a hard disc, or an al um nium
substrate. The polishing pad of the present invention is used,

particularly, as a polishing pad JRSCRIHTISIN ng a gl ass substrate roughly.
15 BACKGROUND ART [0002] In general, the mrror polishing of a

sem condurl OrE W erEs USVERS 1aNSi POCoRHWREEPADA PROSUCEI @Y agsrisubgtorat e, or
sonme other 20 nmatter to be polished is divided to rough polishing for a

mai N pur pomes of aradlj s hingr 1die et shetbwirteys igygdmataness and in-plane
evenness, and finish polishing for a main purpose of inproving the matter

i n surface roughness, and renoving scratches. In general, polishing
characteristics required at 25 the tinme of the rough polishing are largely
di ffegentrdFamonesyrgguired at the time of the finish polishing, as
described above. It Is therefore necessary to distinguish a polishing pad
for rough(gﬂkgﬁhing, and one for finish polishing fromeach other in the
use there% . 5[ 0003] As a polishing pad used for rough polishing,

suggested are ds as descr.i bed hel ow. .[Q004] Faor exanpl.e, Patent. Docunent
Lot ed up bel v Slggedtic O Bl i g ad naviey A VaFue ot 80Ut 1 to
3.6 as the ratio between th ' thereaof, at. 30C and, the E' at. 90C.. Pat ent
bocunent P oG L T D1 Se Sl gEa ST KHeMER) mcign G4l 541 | ahi ng
pad i ncluding .a polishing substrate having a value of 120 MPa or | ess as
t he stor mdf%sa EUY ot 23pettes E%db%é?ﬁHgS}hGQ/'alﬁfér S-S nore
as the ratio of the storage mpdulus E' (30C) at 30C to the storage nodul us
E (660 3t BUEIE NZ0OT BUBED )2 (0003 Iie G5dllicstilny peds deséri bed in
t hese patent docunents 20 are each very hard. Thus, when these are each
used as &pad-doratetgn pbifsHiungtrateafeer harbeipsl izhed &lgmigdam
substantially flat at an edge region thereof as well as a central or the
i nner regiwrstiwreof Theoweleshinheadat f éhea sréownt i nverk iprets sised,so t hat
the matter is required to be again polished 25 with a finishing pad.
However , meeni dihles migtt @6 a oo bespdhg ghedfor whil¢khiisgianghasabsteritriadld y f at
format the edge region as well as the central region, is polished with a
pol i shi ngcqpaxhfywr finish polishing, a |arge pushing pressure is applied to
the edge region of the matter so that the polish quantity at the 5 edge
regi o8 becones |l arger than that of the central region. As a result, there
remai ns a problemthat an excessively polished phenonenon of the edge
regi on, wWicdcArsmoRlAed "edge- subsi dence”, is caused. 10 PRI OR ART
DOCUMENTS PATENT DOCUMENTS [ 0006] Pat ent Docunent 1:
JP- W 2004 (7076 (i.e., JP-A-2004-507076 according to the JPO 15Patent
Docurent 2: JP- A-2006-114885 SUMVARY OF THE | NVENTI ON PROBLEMS TO BE SOLVED
BY THE | NVENTI 2Ql [ t:he - [ j.tuation,
an obj ect thergﬁgégggg%lbggeﬁ%ggggﬁg%ﬁgﬁﬁﬁgRgggE%%%%E?QSQ?QE%E?%E§%% edge
regi on of. A fTBLLEL; § 9 b ROld Shedi Al teTy e, TRLLEL LS [QughkY Aqld,shed.
eave [atten

into an up orm “thereby nakindg 1t° possible to he matter at
Lh, §H9° SN R £, 22 0 0L of CEILERL gL et et er che
usi ng th%lPr%oissehionlg apc?jdu'sting the polished matter in flatness and
in-plane evenness, and finish polishing for a main purpose of
improving the matter in surface roughness, and removing

scratches. 1In general, polishing characteristics required at

25 the time of the rough polishing are largely different from ones



MEANS FOR SOLVI NG THE PROBLEMS 5[ 0008] In order to solve the
above-descri bed probl ens, the present inventors have nade eager

i nvestigations about the rel ationship between the form of an edge regi on of
a matter to be polished after the matter is roughly polished, and that of
10 the edge region of the matter after the matter is finish-polished. Asa
result, the present inventors have found out that the edge region of the
matter to be polished after the rough polishing is made into the form of

bei ng | ar geguired hiccknessmehah taeceintiral poegsbinghereobsctbpededeald .ed 15
"upheaved fornm', thereby nmaking it possible to flatten the matter after the
finish pottsid nhete tdie: @@L ske@0Nca8: Wel hgasshhe ponesh Dig GeM rdr regi on.
[ 0009] On the basis of the above-described investigations, the 20
present i nvenih erhasheenyradeq and tde abaver E%'j‘_ti'sﬁﬂﬁg_ pbbRCEadis Al ned by
the follow ng: [0010] Accordingly, the polishing pad of the present
inventioniﬁs%ﬁbpgg%sg{ Had having a polishing layer conprising a 25

t her noset pol yuret hane foam wherein about the thernoset polyurethane
foam cthe @§§ C hardness value thereof is 82 or less as a 60-second

val ue, the hardness value being a value after the foamis imrersed in water

for 24 hours, and further, the val ue af cLhe tensile shofage ipglds. (300

t hereof at a freguency isfies ereiny
represents_ the follow ng ex ssion (1) : (1) the tensile storage nodul us
E (NPa),aEﬁuPa%?r%ﬁn%%ﬁ%%f@“%%gxi§wﬁr C hardness val ue (60-second val ue)
after the fo is imersed in water for 24 hours. 10[ 0011] In the
polishing[%ﬁgﬂ%f the present invention, about the thernoset polyurethane
foam the Asker_C hardness value is set to 82 or |ess as a 60-second val ue,
the hardness vdlQfe S56fRgSa VaFgRLII&meMe X damtes PRrR? s SUPIRiter for 24
hours, and 15 further the Asker C hardness value and the tensile storage
modullls &t @ dldjaisitned Pee! saviiapyat el el &l idwsHi g S§Rown®bys e &&driéssi on
(1). Therefore, when this polishing pad is used, in particular, for rough
pol i shi ngoefweematherEt oHeerquo] isgthet)°Cannddgber 8§i en §0°¢ he Bedtarar i s nade
into an upheaved formafter 20 the rough polishing. Wien the natter to be
pol i shed,Dedenastdyge ofshilclp beliom & heo uphemadd borheniscal inddtarpaldlshed,
using a polishing pad for finish polishing, it is possible to flatten the
whol e of pdikel surfage ofi ndiediatt er powhsbhngnstgdesatdehadgeg regiadnud her eof .
Uncl ear is the reason why when the polishing 25 pad of the present

inventi onof S| usaka idk pa¥dd Gl ahe fs@lo M@ modpQhissimirng3orbe gdgsoregi on of
the matter after the rough polishing is made into the upheaved form
however, 4dfte HeASRN WUl dcberthes foh Mg sk easonat [ 00d2] 1 nstdeagase of
using a polishing pad high in hardness as a polishing pad for rough

pol i shi ngyo &, 1L Gor (B¢ pol kghed 4 epds stt%rla%enﬁ@eugug%an%@*dy Jﬂf at at

b6
an edge region thereof as mel? as an inner or central region thereof.

However, the., e~ 0f, ! a polishing pad appropriately soft,
specificé%ﬁ&,n%oqgﬁt%ré%nﬁﬁgq%gKer C hardness val ue thereof at a 60-second

val ue to | ess, the value being a value after the pad is inmersed in
water for 24 hours, while the Asker C hardness value and the tensile

st orage nodul us.,ar dj d to_hay he rel atj i

expr essi on (1)?“¥%§K$6F%§é§h8a%§ %ggg%agﬁﬁe%gatgggékéééggﬁi?iﬁgééﬁ#%hed i's
pol i shed: the lishing p is,easily defornmed in the tensile direction, so
Phat 2Phe BEMHG praso dvl e SHeSagliPBor SRoT = Fhe ek t 1o T aidti Taiba.
Thus, at the ed region of the matter, a portion where the polishing rate
is lowi C@%n%‘?hgﬁbd?ogﬁﬂssq‘au}%sﬁ s ekper é‘tﬁ]dns%detlﬁe 4% er becones 20
smaller n polish quantity than the central region. This natter would nake

t he edgeﬁ%ﬁﬁ?ﬁ?ﬁ%ﬁ%ﬁ%ﬁéaEﬁﬁé%@é@qgﬁ?ﬁl?@GT§Fe°fasWell@ﬁﬁ%@ﬁptral
above-nentioned polishing pad, it is preferred _ '

t hat t het Her ¥Bsetpt § teet Randivmrbnplicsey e rastasuimtderal s 28w dApthight s, an

i socyanate conponent, and active-hydrogen-contai ni ng conpounds conpri sing
5 to 20%Hyeansight sof thapotel maioppourtd deaviingda thbubet donal R bughedinber of
2 and a hydroxyl group value of 1,100 to 1,400 ng KOH/ g, and 10 to 40% by
wei ght ofwialpael §ohisloipowad .hakbrgvarb wharcthensdt geoup hanberigfed, and a
hydr oxyl group val ue of 200 to 600 ngKOH. When this blend conposition is
used for raw material conmponents to formthe thernoset pol yurethane foam

it is possible to set the Asker C hardhess val ue thereof at a 60-second
value to 82 or less, the value being a value after 10 the pad is i mrersed
in water for 24 hours, while the Asker C hardness value and the tensile
storage nodul us are certainly adjusted to satisfy the relationship shown by
the expression (1). As a result, the edge region of the matter after the



15[ 0014] In the polishing pad, it is preferred that about the

t hernoset pol yuret hane foam the Asker C hardness val ue thereof, as the
60-second value, is 75 or less, the hardness val ue being a value after the
foamis imersed in water for 24 hours. It 20 is nore preferred that the
value of the tensile storage nodulus E (30C) at the frequency of 1.6 Hz is
100 MPa or | ess. Wien the Asker C hardness value or the tensile storage
nodul us E (30C) of the thernposet polyurethane foamis adjusted to this
range, thehadge sriagicopubftaheiant ¢ eflaaf fermtdte tiatdédge iregriaughb ywe2lol
pol i shed can be nade into an upheaved formw th higher certainty. [0015]
In the pods sthag-dadkal trdpidatefiey ned itdraid thecH herpwisedhipe) ywaetiwane f oam
has substantially spherical continuous 5 bubbles having an average bubbl e

di anet er ofn2h 11300 ip1y, Whenrbeppahishi pgekayes is 496 nesd byo uses of the

t her noset pol yur et hane foam which has substantially spherical continuous

bubbl es hayidg-an Sy eyrage byhble dsgneh gt E’]ftevﬁoif?s@%ﬂtiﬂ@ Poldghi ng

| ayer can be inproved in endurance. Thus, 10 en the polishing pad of the

present | tf‘é‘tr'e%@ohsbé’é s 1ne 429l 54k rtguaofﬁgf% ‘&%%Rr%'l%e&kéﬂar iZzation

characteristics over a ng term and is also inproved in polishing rate

stability r st | " form
and an el?ﬁ%%ﬁ%wgo?h$9%d§q¥%§ﬂ?%' qﬁﬁi %r%g %%%?zeﬁ%%ﬁﬂgﬁ#%%ihaV|ng
a ratio het en, the I di apet er and t.he.short di ter S (ratio of L/YS)
of 5 or Igés pre er&ﬁqg] (PE 5 l?ﬂdrehﬁtgteraﬁtéj%a or less. [0016]
Furthermore, the pre ent,;nventlon lates to a nethod 20 for producing a
gl ass substi%t egmgso]ﬁf) %7 g the st e%jeof usi ng the polishing pad recited in
any one of the above-descri bed paragraphs concerned to polish a glass
substrate surface. A gl ass-substrate-produci ng nethod generally includes a
rough pollshln step for a naln pur pose of adjusting the substrate 25 in
f1at Adss %ﬁﬂp éﬂéﬁ and a finish polishing step for a main
pur pose of rov t he substrate in surface roughness, and renoving
scratchesPA UFNUGMENTT hi s rough polishing step, the polishing pad
according to the present invention, a glass substrate can be produced which
has an 5 EXt& ] ent flatness at not only a central region thereof but also
an edge region thereof. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0017] 10Fig. 1
is a schenmati c Bstraudt drcalumandw 1i:l |Jistvr-atG0dg- SV Oedéanfd! .e .of a pol i shing
apparatus used in a nethod for producing a glass substrate. Fig. 2
is a graphp-shovi Wy 20 @&l @td anshd indetovedre tdRO)t ensi | e st orage nodul us E
(MPa) and the Asker C hardness val ue 15(60-second val ue) thereof after the
substipate is i mesed Ddvuvainer :0rg24-raures-1 1IMEBE FOR CARRYI NG QUT THE

| NVENTI ON [ 0018] 20The polishing pad of the present invention has a
polishing |layer nade of a thernoset pol yurethane foam which may be
referred to as a "pol yuret hane foam' hereinafter. [0019]

Pol yur et hansaesidr itsgexgetenton N abrasi on resistance, 25 and can be a
pol ynmer that can easily obtained with various physical properties by

changi ng g 160NP0% tdpons afyrmaw yetgr iakgsNheneof variously; and further
therein, substantially spherical fine bubbles can easily be forned by a

nechanlca (ﬁﬁﬂ”‘”g met hod (exanples thereof including a 5 nmechanica
frothing net For these reasons, polyurethane resin is a material

partb%ularly pr etaq%e Qpr the cons%id% J¢§%£k8.§¥t&a¢¥99'gﬁb'“9

| ayefr. [0020] yure ane reS|n naln y contai ns an |socyana

conponent tive-hydrogen-caontainin ound as_a

hi gh- nol €& %@eéﬁpfp PyioT PTRV %@h%%?g%é) g 8 &) of making
an edge region of a matter to be polished, after the matter is
roughly polished, into an upheaved form, thereby making it

possible to flatten the matter at the edge region as well as

25 an inner or central region thereof after the matter is



a | ow nol ecul ar - wei ght pol yam ne and a chain extender). [0021] As the

i socyanat e conponent, any conpound known in the 15 field of polyurethane
maybe used wit hout especial restriction. Exanples thereof include aromatic
di i socyanates such as 2,4-toluene diisocyanate, 2,6-toluene diisocyanate,
2, 2' -di phenyl net hane diisocyanate, 2,4'-diphenyl nethane diisocyanate,

4, 4" -di phenyl met hane dii socyanate, polyneric 20 MDI, carbodiimde-nodified
MDI (for exanple, MLLIONATE MIL (trade nane) nanufactured by N ppon

Pol yur et hanei $imdust 1 3h&®; anldt 8 .nethlodbrBapht baheneg d jsasyanab e;rP=phenyl ene
d i socyanate, m phenyl ene diisocyanate, p-xylylene diisocyanate, and

m xyl yl engs thd Sy anat Bshadd phat i ¢ diisocyanates such as 25 ethyl ene

di i socyanate, 2, 2,4-trinethylhexamethyl ene diisocyanate, and

1, 6- hexanethylene di i socyanate; and alicyclic diisocyanates such as

1, 4-cycl ohexane dii socyanate, 4,4'-dicyclohexyl nethane diisocyanate,
|sophoro §§ﬁ¥ nape diisocyanate. These maybe used 5
al one orqﬁﬁgga ng??%ﬁu«?”ﬁagQ%?ﬁﬁére t hereof. [0022] It is
preferred.t e, out of the above-described i socyanate conponents,
anaronatrEdrrsocyanate in particular at | east one of toluene

di i socyanat e, thhen than%_ g IS (XQnaéﬁkn:ﬂgdfarbq%rrntde:nndrfred

di phenyl net hane drrsocy ate e ac i've- gen coﬁtarnrng
conpounds_nmy each be an a |ve n- cont ai ni ng conpound use

ordi nar i 157 T1¢'s LEEHH a%aVOﬁ A Tl T TR Ao he

hi gh- nnlecular | ow nol ecul ar - wei

| ow ol eckf 4t t@i%}%tp r?(ﬂt)yy nnEﬁSrf%mP:l‘?aq ANeRPERIE gl‘f’gd)zé]a eﬁﬁﬁre’so of the
hi gh- nol ecul ar - wei ght pol yol include any 20 pol yether polyol, a typica
exanpl e ﬂﬁeﬁeﬂﬂfﬁe¥h§fﬁSFyFE?r%%%t%?Fehéxéﬁﬁeﬁ’QPQéépedan?nﬁoFQ%Et%?

pol yol , a typical exanple thereof being | ybut yl ene adi pate; any pol yester
pol y&&r bord e gsist ViR g1 @ sl ety et Eiﬁ?ﬁlﬂcﬁhfg ot §RApy 1 act one pol yol ,
and a reaction material nmade froma 25 pol yester glycol, such as

pol ycapr of att¥nepo argheh. aPleyd eeeul@arttmnatre;seariyirp‘cﬂnyte@tehawel yeardonat e
pol yol vyielded by causing ethylene carbonate to react with a pol yhydric

al cohol , antd thext tbausigy relge ones il tranmartdaat Lorbanpatlursdadoafeacttiet h an
organi ¢ di carboxylic acid; any polycarbonate pol yol yielded 5 by

t ransest erdddglc gid aislriear tiomdisd weero atlpol §dwd rak yoeiompolandyandian ar yl
carbonate; and any polyner polyol that is a polyether polyol wherein

pol ymer paiidlaleass arteardispaisecth]l Thagomyhdeasedlad ane-edillded conbi nati on
of two or nore thereof. [0025] 10Exanples of the | ow nol ecul ar-wei ght

pol yok i nelpidentdd nedhyt ol fHopane mgt meerith, ps ycerid, £ la 2sén hexanetri ol ,
triethanol am ne, pentaerythritol, tetranethyl ol cycl ohexane, and

met hyl gl ygosi de;a and- aclrt@ylf%es@lxb@el@%%? as ER-0E4FO) raddyst 8s0ofethese
exanpl es. These may be used alone or in I5 conbination of two or nore

thereof. 10036] inner oEX@M L8 Hedhg | ow nol ecul ar-wei ght pol yam ne

i ncl ude ethylenedrantne tol yl enediam ne, and di phenyl net hanedi am ne; and
al kyl ene fgﬁ (such as EO or PO 20 adducts of these exanples. These nmay
be used alone or in conbination of two or nore thereof. [0027] It

is allowable to u th | 1 t her r. e
Iomrnnlecular 3%%3% bEFEQ P g%% 589% Q% Crl%e95§gpgg%ﬁggggagpropy%ene
glyc | ene 1, 2- b t ane but anedi o

A B0 arth ngeaa?aﬁétﬁ Peet ® %xaﬂgd@bt B gp e grehrRI ect
1 4 cyclohexanedrneigﬁg -1, 5- pent anedi ol , di ethyl ene glycol, and
triethyl ere i ]éKB al cohol ami nes, such as
nDnoethanoIanlne d|ethanolan1ne 2-(2- anlnoethylanlno)ethanol, and
monopr opakfl dhi ne. [ 0028] The chain extender i s an organic compound
having at | east two actrve hydr ogen groups. | es of the active hydrogen
10 groups i ncl fdeIREdmExyH @u@@llﬁhiﬁﬁrwa@nD% nBaf§eak hovegrbips, and

thiol groups (SH). Specrfrc exanples of the chain extender include

4, 4" - et hyd enalsl lsishvighl arashriiadiing g MOOA)ShIN®-1h v o @upr pheny| @nedi am ne,
4, 4" - met hyl enebi s(2, 3-di chl oroaniline), 15

3, 5- Bbs( netdwiddsd to)pd, virtaolhmsrredicam neyherein about the thermoset

3, 5-bi s(net hyl t hi 0) -2, 6-tol uenedi am ne, 3, 5-diethyltoluene-2,4-diam ne,
3, 5-di et hyl t ol uene- 2, 6-di am ne, trinethyl ene glycol-di-p-anm nobenzoat e,
1, 2- bi s(2- ami nophenyl t hi 0) et hane, 4

204, 4" -di am no-3, 3" -di et hyl -5, 5" -di net hyl di phenyl net hane,

N, Wdi - sec-butyl-4, 4'-di am nodi phenyl net hane,

3,3 -diethyl-4, 4" -di am nodi phenyl met hane, m xyl yi enedi am ne,

N, N - di - sec- butyl - p- phenyl enedi am ne, m phenyl enedi am ne,



25 above-nenti oned | ow nol ecul ar-wei ght polyois or | ow nol ecul ar - wei ght
pol yam nes. These nmay be used al one or in conbination of two or nore
thereof. [0029] It is allowable to use the following as an additive 5
together: for exanple, diethylene glycol nonoethyl ether, diethylene glycol
nmononet hyl et her, dipropyl ene glycol nonoethyl ether, dipropylene glycol
nononet hyl et her, 2-methoxyethanol, ethylene glycol nonoethyl ether,

et hyl ene gl ycol nonobutyl ether, ethylene glycol nono-t-butyl ether, 10

et hyl ene g ypote tmnapirenyl, ehbexskelht € hylrane sgl ygohe mnalnudyli ses heyy
triethylene glycol nonobutyl ether or polyethylene glycol

nmono- p- i speed ¥kpheoykeebhgrialany, ahkHaane ¢ (81 a8hecthqod valeardmoxest i c acid
such as acetic acid, acrylic acid or nmethacrylic acid, or any other nonool

conpound; + 14 rRahyed mﬁh@@@ea&gt ¥%aekr 1993Qlhours, anﬁhﬁlﬁ)&{éw'tﬁéhﬁent%é oam

related to the present invention preferably contains, as raw materi al

t t d
28%83%5@%6%%0%%?%?%3%# ﬁ%&gﬁtuaé‘?ghw@a po%f’é?%ﬁco%p"%{t hg a
f f 1, 100 1, 400
n;nﬁag)loln%gfj gla(r)léd%.t% y WEI ght CWOR%O?%)]D csolvr%}{oﬂﬁ O'havi ng atO

functi onal grodp<£ 3 and(a)hydroxyl group value of 200 to 600
ngKOH. When thi's Iend conp03|t|on 25 is used for the raw materi al

ot Ler 1 05 0l f°. ?ﬁ%@%‘%%;'ﬁé% P&ty o “ﬁ%gﬁ%%?%ﬂ@a%ﬁ"lg Peav Bt o e
Component* SAHLERETSEL 1 AR oD SRR KRABCCBRPORIe MRy DRV Gy

changed in accordance with the nol ecul ar mel ht of each of these materials,
desired pH&ifQa™ propdfiseL bR HE 1T yitet4mm®¥oam and ot hers. In order
to give a foam having desired properties, 10 the following index is

pref éPabl §PGFldm 0.80 to 1.20, nmore preferably from0.90 to 1.15: the number
(NCO i ndex) of isocyanate groups of the isocyanate conponent relative to

t he nunber of ditithe petivkingdrashed Hheupse (hvidiorentgosupsbeubiniim
groups) of the active-hydrogen-containing conpounds. |f the 15 nunber of

t he i socydratme gptoppd viigeshienef foamns trande ketrhé hrasine shtvagoley us etdiane
tends to undergo curing insufficiency not to gain a required specific
gravity, tariness lesenpisessbbi-Eetyndorasoae ohbehapdopestyal {Od32jn@0The
pol yur et hane resin may be produced by a known urethani zing techni que such
as mel ti ng viz@cknbaqie rot hsof odhons tieahsd e i e ecosbr narkongs ernd onment
and others are considered, it is preferred to produce the resin by nelting
t echnpquesufidfert RenPraaduct iomofdddes pad i efdanend esdis 1 25 gidhefe a

prepol yner nmethod or a one-shot nethod may be used. [0033] The

t her nDs et ] Y %tr@aaaj fioamy wWhi £dr i sr@ vt edial if@rsHiQr BhBgnt B¢ 0d i shing
| ayer, is produced by a nmechanical foam ng method (exanples thereof

i ncl udi ng.. rchayy caly fr @BQ!EEQO?erTEE\IHgg) thﬁgoééllshlng pkariicylag!y

preferred i's a nechanlcal foam ng nethod using a silicone surfactant t hat

is a COpgtrYg‘SE:t%uﬁa ol yalkyl s r}%%’l%h%’?% %pr'ré/aeMnbgﬁ‘ tgg% s10dq 2

preferre conpoun "as t he s icone surfactant and L-5340
manuf act n il 4

gnanﬂf act ﬁggggyr%}l%cflscgf Jdg‘? n&%rbt%/ dha%ggiég%( I.L{ﬁ ur eg Eﬁ angztfedrschm dt

15| f h f £

staE%Plzqglsugﬁg 3 Ce ??éild%ﬁ%ltgmtom%gganﬁgqxaﬁo ¥ %Ell? |n) :

antistatic. a and other dd tive 0036].. A.descr | 1 be nade

her e nat (5 HE00 LexHRni S B e A Pof L SRugPhg tﬁgr%t%s%t

pol yur et hane foam constituting the ollshlng | ayer. This polyurethane f oam

prodUC|né”ﬂéﬁﬂddmh§§dtﬁ@rth?bﬁPrﬁfiﬁ 37F possible"to faltaop

i socyanat e conponent, polyol conpounds and others 25 are caused to react
with eachhst Héplgd)%rt@@ag;érgﬁce of the matter, which includes the edge

region thereof. Unclear is the reason why when the polishing

25 pad of the present invention is used, in particular, for rough



i socyanate-term nated prepolyner. A silicone surfactant is added to the

prepol yner to produce a first conponent. Wiile the first conponent is

mechanically stirred in the presence of a nonreactive gas, the nonreactive

gas is dispersed thereinto 5 as fine bubbles to prepare a foamdi spersed

liquid. To the foamdispersed liquid is added a second conponent incl uding

acti ve- hydrogen-cont ai ni ng conpounds such as a | ow nol ecul ar-wei ght pol yol

and a | ow nol ecul ar - wei ght pol yam ne, and then these conponents are m xed

wi th eachp®t heridd), tondrepas eray foam dispensad 4 elhane wenpesidd on. A

catal yst may be appropriately added to the second conponent. [0038]

(2) A silpeonen sy fachablk iatradaed dhalvd eashn@nBonbvarf i fi8d ompanent

i ncl udi ng an i socyanate conmponent (or 15 isocyanate-term nated prepolyner),

and a seconeh gaspongnt £ b nedwdi ng-actdye- hydrogen- contai ni ng conpounds, and

t hen the conmponent to which the silicone surfactant is added is

nechanicah@giffirred in the presence of a nonreactive gas to

di sper set henonr eact i vegast herei ntoas finebubbles. In this 20 way, a

foam di spersed Jiquid is_p red, _Th t c ent | ded to the
]{r{ %%.e ca%g 5?91%1%@6%%8%%5??93 pa&%%@ akv\gl%ﬂ eg%

f oam di spersed 11 quid. e conpo erein -are mxe edch Ot her to
prepare a foam di.sperse ret hane conposi.tion. [0039] 25(,3) A.sil.icpne
surf act arit 5% & £ Furégng ngoggsglngfrgt %gﬁ%%n%%tb rﬁﬂ%ﬁﬁkﬁﬁpan

i socyanate c onent r i socyanate-term nated prepol yner), d a second
Conpanent ST T B8 BeAPvEIRG Dbt Lo M iy “BoRHaT HES L Sh e T ho
first and second conponents are nechanically stirred in the 5 presence of a
nonr eact i3 V§dd &9 i PBFLeCT KENIdrle 48P 0B IR ¥ Ner e NG VES  f HREBUDDI es
to prepare a foamdj spersed urethane conposition. [0040] The foamdi spersed
ur et hane €othesina o hayisel bilelhdr ead1aPRRPRE FdchahPear / fiiti g atetshod. The
mechani cal frothing nethod is a nmethod of: putting raw material conponents
i ntol8 nisetg chakbebsbtr & hirxfingshcal hithergodont éabbroecgad vyaslue

i ncorporated thereinto; and m xing and stirring the conponents by nmeans of
a mxer sichZagr dresGakébenakre belogeby atald adtehet S paont eagtniesrseghs i nt o
the state of fine bubbles and further dispersing the bubbles into the raw
mat eri al im wetiee. £dhe2 dnbohansi, cahile athe Agkeet Hothidnes prefleer ad ndgtehod
since the nethod makes it possible to adjust the density of the

pol yur et hasres flgamteasigeymbyul he add ustijentedfcd haviencios parlatteichrzd ignmount  of
t he nonreactive gas. Mreover, the nethod gives a good

product i ameafif 0} efey sigwessdihen nethod-Hakesl idwipassidbleadecshapre a

cont i nuousl yapol yur et hane foam havi ng substantially spherical fine bubbles

havi ng amaverage bahhl e shamatepooh sRAGt ot BODPMs1AR{PP4Y] is easily
Thereafter, the foamdi spersed urethane conposition prepared by this nethod

i's paint et QR Aipl @k meIherq; Add: 1hen dhenkeamdiapgat 8gd A ehane
conposition is cured to forma thernoset pol yurethane foam (polishing

| ayer) difieah] ¥agut.Gi S8 P AN (TRIDSE, aL004ZLa. Thue THE PODTRRRI Ve gas

used to formt bles 1s preterably an I nconbusti bl e gas,

specific ’ reqf, inc i . car L oxl de
dases, AT LB R S e SRR s R S B o or
nore of t.hese gases. The gas fram which water.is r ved rying is nost
preferr ed ¥ %rrlngf ee%* e\%psogn esouflqcc’o%% .ed[q(?oﬁ%?l%sl Oafeigg? fn?itgér%%%“%%es for
nakigg t he nreactiég_ as in 1? e farmof fine bubbles, and further

di spél'si Mt He HtBM s STalkHOWhC SRR HYf FEEATAS They B udBdSid

especial restriction. Specific exanples of the nmachine include a

honogeni i“’élru,slcg M5KE diRFere A9 Fiegdidl ot Ehdthfr Y RRS&ed fF™ mechani cal
frothing machi ne. The shape of one or nore stirring 20 vanes of the
stirring Médhilne is not particularly linited. A whipper-shaped stirring
vane is preferred since the use thereof gives fine bubbles. [0044]

It is also preflégr @ tedaysemfifflered cstliishiing mechi dds 125 or@fami@Sstirring
for preparing the foamdi spersed liquid in the form ng step, and for the
stirring thert phgitip st pel yandtbsesendaonpopeatssst e eaeh nettherial n t he
m xing step, the stirring is not required to be stirring for formng

bubbt ks, canmdneetisse aof issstyandtreg amgdument hatndloes not generate large 5
bubbles is preferred. Such a stirring nmachine is preferably a planetary

m xer. Even when the sane stirring nmachine is used in the foam ng step of
preparing the foamdispersed liquid arfd the nixing step of mxing the

i ndi vi dual conponents with each other, no problemis caused. It is also
preferred to use the 10 machine while stirring conditions are adjusted, for
exanple, the rotating speed of the stirring vane(s) is adjusted as the need
arises. [0045] In the polishing pad according to the present invention, 15



i ncl ude nyl on, polypropyl ene, polyethylene, polyester, polyvinyl chloride,
and other plastic filnms; a pol yurethane 20 foam a pol yet hyl ene foam and
ot her hi gh-nol ecul ar-wei ght resin foanms; rubbery resins such as butadi ene
rubber and isoprene rubber; and photosensitive resins. It is preferred to
use, out of these exanples, nylon, polypropylene, polyethylene, polyester,
pol yvinyl chloride, and other plastic 25 filnms; and pol yurethane foam

pol yet hyl ene foam and ot her high-nol ecul ar-wei ght resin foans. The
substrat ea&@y\%—w&r@@e@—@w@éﬁqﬂgﬂ%xﬁmd@c@@mﬂr@; g ded aghesj ve tape
(the single-sided adhesive | ayer thereof is to be bonded to a platen).

5[0046] yeight The Syhstfat & didvehdaPhalehgbhyrhast fohal dness, adidet 0 oOr
nore than that of thé pol yurethane foamto give toughness to the polishing

pad. ' The Lhiskness, afy 1hg suDSLE & diakelo{ Whaid e havuel ks axdpubl e-sided

tape or a single-si 10 "adhesi ve tape, the thickness of Its substrate) is

not parti cul y. At nd | efer 0 , re

pref erably’ f%(q)g% ]5% % %ggb %%%ﬁqﬁeg@iag é(/)ll%({l g%&(ggté@ndétr%qgrﬁfai exibility.
[ 0047]. 15Exanpl es_of the neans _that, can, be_adopt t o _pain h

f oam C?l spgl)?(% SR i%{:r?éjpcg%n%seirt?gn3 c?ﬁ]tdoatekﬁ%g%?)%argrr?e gFEP%c$Ec?eoogr avure,
kiss and co an her_roll_coaters;. slot, fountai.n and other die
coaters; BPQEQ%éQ%Kﬁ%at£?¥”ht%uf%§ﬁﬁ“ O§P@P95é%608tﬁéruﬁgﬁnﬁpﬁgrﬁgans.
However, the nepans may be 20 any neans capable of form ng a uniform painted
£i1m on’ tTR-SHbSt reAe oRATHER £ 6O48] ChE FRSRPGRTY 17 oY reBtes o Fuit |t he
polyurethage'foan1q?hﬁéged bg Eﬁ%g%%gg %2%@fggr}dispzrseg%uretgaqs

conposi t i bh 25 Rawe pl aRar € dGsie7g VReYBohpoheht s2't & react
with each other until the conposition comes not to flow, thereq¥

post - cur | AYPECRD SIS iToh 5 Hde LERE  p6BE- FalNAgPHEBEuR 682 Hit F it of

i nproving the pol yurethane foamin physical properties. The post-curing is
pr ef éfabl yhperddriedmate 4®d d70etear £00 Afnbeevsst owRéldokrs, Al thi s
operation is also preferably perfornmed under a normal pressure since the
shape of hdediedbblwslues mtdbile zedsi[@049praget hedptoducté oreofairhey

pol yuret hane foam a tertiary 10 am ne catal yst, or any other known
cat al yst adjudbecdised Sfadri gfvormtel mg luhe opshybr ehbeneby eded i raddwidi nd and
the addition anount of the catalyst is selected, considering a period when
a m xture(y) el deda afdserl t,hehsicejgeof e dii i BF tiemandeyvi ittad r casponetds W th
each other is flowwng in order to be painted 15 onto the planar nenber.
[0050]  is roddiel pobyui std@neard asen eyt ien pf oduceh nughdatah fmnner of
wei ghi ng the individual conponents, charging the conponents into a

cont aisner f@nds f hen stirring the conponents nechanically, 20 or in a

conti nuous production manner of supplying the individual conponents and the
nonreactive gasy Com{d uOUslY; 10 S5 ST NG JBEAI NGy St i fihase
conponent s mechani cal l'y, feéﬁfﬁ&ﬁ%ut:E é‘foan}dispersed ur et hane

conpositi i i4d I r

commos] 11 O ARG AER, SR LR ARTRAS ALAD L A sheped ratitor,

I nvention,g i, oﬂsgsgﬁawamg 3 zsroroﬁfa%’glhle&?g h%‘%!&ﬁ%rsgjt t&g?ga&?ﬁ%&;

f ormed on%o a planar “nenber’, t'he “pol yur e oamis a

uni form thickness...The nethod for adjusting 5 the | yur,et hane _fo into a
uniforn1t%f@ﬁﬁg%§%§§Ih3g%ng?WcﬁFa% e??%@t fﬁgﬁﬁp§§éh%§egoyﬁgreo tinclude
a nmethod of buffing_the foamw th a polishjng nenber, and a nethod of

P 0sgtng ThECEGHH B° eetgar pase T piathe WMy hatPoaRr e Boried, a
polishing | ayer having, on the polyurethane foam 10 surface, no skin |ayer
is yielded. &:@%’ﬁ)tﬁé Framiedyniessed, lafpBEi 5hi HY MifePrha®FRg, "L he

pol yur et hane foam surface, a skin layer is yielded. Conditions for the
pressi ng & Adtehar tiaddngdsy Viailnict ed: theeterably, Stpeagenpeiat e & of the
foamis adjusted to the glass transition point or higher. 15[0052]

The foam 0i&leer sédthe et harmeo sonposl i ot prrepdicedh ils kHauabevet petti®ned
manner is painted onto a rel easing sheet, and a substrate layer is

| ami nat edraond® the ¢damrdiosper séd her e haae addrposheinort. tetheseafu@rly by
curing the foamdi spersed 20 urethane conposition while a pressing neans is
used2to nmkei 4iwed coapase trade | too aamnifgroranddni Skmessi tla podlyar et hane f oam
may be formed. This nethod is a particularly preferred nethod since the
polishing |ayer can be controlled into a highly uniformthickness. 25[0053]
The material for formng the rel easing’/ sheet is not particularly limnted,
and exanpl es thereof may be the sane resins and papers for the
above-nmenti oned substrate. The rel easing sheet is preferably a sheet small

i n di nension change 5 based on heat. The surface of the rel easing :Ilayer
may be subjected to releasing treatnent. [0054] The pressing neans for



t he sandw ch sheet conposed of the rel easing sheet, the 10 foamdi spersed
ur et hane conposition (foamdi spersed urethane |ayer) and the substrate

| ayer is not particularly Iimted. For exanple, a coater roller, a nip
roller or sonme other is used to conpress the sandwi ch sheet into a constant
t hi ckness. Considering that after the conpressing, the size of the bubbles
15 in the foaned | ayer becones about 1.2 to 2 tines |larger than that before
the conpressing, it is preferred at the conpressing tine to make "50 to 85%
of the thieknesstwf the cured pol yurethane foani equal to a value of "the
cl earance of the coater or the nip" - "the thickness of the substrate |ayer
and the repeas) ng 20 sheet”. In order to yield a pol yurethane foam having a
specific gravity of 0.2 to 0.5, it is preferred that the foam di spersed

uret hane conposiy i-pR E@ﬁ@hwgcﬂa‘d,c igr @ygmé@n(édzehb@ dhe hefane passed
through the roll. [0055] 25After the sandw ch sheet is nade into the

uni form g GkReSSand Neo 0! vaY %M&J&%l@tﬁéwﬂ A i e

conponent's concerned to react with each other until the foam cones not to

flow ics gégggﬂﬁégaggnggggéﬁggggf}gﬂgghgB$E%EEQEF%$?OPQ§%UQP&Lnggkghthe

sane as SCT1 abo erea e rel easi eet

d t t f ' i in | [
eI ng T or NEl AL LI S0l YOS Hane T Vnait R oty o GURSRS T oam |3 or med

by a nechanjcal foam ng nethqd as .described ghove, 10.th evenness of the
bubbl es i%° Bé%rsetg}éanne?a &di ' the uhpapsersusbusr aan(;acelasllel e % het]:r%ecuapnlol yur et hane
foamthan_ in the | ower surface.side. Wen the | r surface sid f the
thus- f or nEd BRI R LR oA BOuEA U 0 DI § L8P T 8Ee0 T 1) &0
polishing surface is a surface wherein the unevenness of the bubbles is 15
smal | . The$0 HhetoPP3hPRgnpad s rRALHEPEPVEdA RIS RrRger at’d Eirabi lity.
The skin |ayer may be renoved by buffing the pol yurethane foam after the
rel eddi ng"Reding PP Pecs?f Fhe PhPERAESENBENEHR" pbF Wit el foam i s
not 20 particularly limted, and is preferably fromO0.2 to 3. nm nore

pr ef er abl 5o k¥ 9 07 Bagdocan ke DOSIBIP e Haiafucat fAnEaFbaki PESEECEE Dy t he
above- nenti oned production nethod has substantially spherical bubbles. The
25 pol yur@tivarte tomm aed drsdhgot bup heved dsert Liakénoi vateegt el il t¥ oam
havi ng conti nuous bubbl es, or a foam havi ng i ndependent bubbl es. [0059] The
aver age blibbiwe rdiiaget grbofan hea bupblée riigatlifed&npoéy uwr ebhanéchdaimys from
20 to 300 pm preferably from50 to 100 m Wen the bubbles are continuous
bubbl es, 4@ averlbgeptdianeier. oBubblesl dan aperiligetin tthemsdehates of the
bubbles is preferably 100 pmor less, nore preferably 50 pmor |ess. [0060]
10The sspeasiiy e ghaviihy Ofrathe pot weketthaneofi@amans tpyref errabk yefgormt®. 3 to
0.65, nore preferably fromO0.3 to 0.5. If the specific gravity is |less than
0.3, the poihshing | @yerncobrpadst endss tr heskQophighrbB1p0B0SEtYe$H, as to
be deteriorated in endurance. On the other hand, if the specific gravity is
15 nore thane Q0560 4dpiy Neressarys4 0 neke the raw materials into a | ow
crosslinkage density in order to make the polishing layer into a
predeternjned; €l astic nodulus. In this case, the polishing pad tends to be
increased 1 n permanent strain to be deteriorated in endurance. 20[0061]

In the present }nyg&%' It .S [ N t hat he

pol yur et hane fggnn %éﬁ%%%ﬁﬁ%aFﬁgéggﬁighygggﬁggggéigﬁésAgge? égﬁ%?%ness
val ue .t hereof is 82 or less, _prefera 75 or_.less a_60-s . val ue,

t he %gr dn%%rg p\féﬂ%& 25 Se‘fj%sg ?/lglf%‘{eragﬁ/’ercotnﬁjerjfsc;%Eﬂ i%zlei %%Psggq?%f@ét er for
24 hours. | f the Asker har . ngfs.value IS npg thaq)82_ﬂ§n ed e({egion
of a mattete b hdld sl et hd Y 179 & gﬂber'nléi/ Dot T EHES CaHhot be
made into an upheaved form [Q062] 5ln the resen% %nv ntion, the

pol yur et He* 4 S WHITET & QIaglﬁépi§h9ﬁ§SFa§B StEAESt BHETPECst dt age
nodulus E_(30C) at a frequency of 1.6 Hz satisfies the follow ng

expr essi gh {337 SWpst e PIEHUS I gh i P Y G ieslent sLihe dehst 1 0T hr age
modulus E (MPa), and 10 X represents the Asker C hardness val ue (60-second
val ue) afR@rishidd o ormersés PHrRaser of opd2us hbd sthaheRal it df t he
tensile storage nodulus E' is preferably 100 MPa or |ess. If about, the

pol y@bet hiand ladams swahd hirf-arlmng ke epokisshi agdlayénistheovabhéngfsteie
tensile storage nodulus E (30C) at the 15 frequency of 1.6 Hz does not

satisfy the expression (1), an edge r%gion of a matter to be polished after
the matter is roughly polished cannot be nade into an upheaved form [0063]



The shape of the polishing pad of the present invention 20 is not
particularly limted, and may be a long strip shape having a | ength of
about 5 to 10 m or may be a round shape having a dianmeter of about 50 to
150 cm [0064] The front surface of the polishing |ayer may
have a 25 convexo-concave structure for hold/renewing a slurry. The
polishing | ayer nade of the foam has nmany openings at its polishing surface
to have a function of holding/renewing a slurry, and when the

convexo- concay ensin usits®sd Soff aimipatbtimd hehpalusiimg s unf age;fddwe hol di ng
and renewing of a slurry can be 5 nore effectively attai ned. Mreover, the
structurerdgmiiesedd, RASSI RO IihPreaveiicrRdmigeudindge polished-dugpm bei ng
broken by adsorption between the pad and the matter to be polished. The
form of the comvexoscancaves %Jl‘&cstﬂ*ﬂr?{i s e R @Y Iohd igidedias far as
the formholds/renews a slurry. Exanples of 10 the convexo-concave
structure; wude, X rine) lat td o GGE iC

gr ooves, %%ﬁ%ﬁgh Hbfﬁé?“%#?ﬁﬁgﬁgﬁﬁg%g6§F§5%%§?&%%%%%§§§ﬁé¥fcuIa?kgolunns, a

spirals grogy, 11%%@5%&9%@}@%1or{ﬁP'!aaéer%r%%@égi@ﬂdc}?éyec?@%it%%&” of

two or nore o Se grooves. ese ‘convexo-concave structures each 15
generally ve therein regularity. However, in order to render the
structuréﬂg%éﬁﬁig%ﬁﬁfqugﬁ%égé#desired per f ormance of hol di ng/ renewi ng a
slurry, the structure may be changed in groove pith, groove w dth, groove
depth or sone other inside individual areas thereof. 20[0065] The nethod
for form he convexo-concave structure is not particularly limted, and
exanpl es }%&ﬁqqﬁﬂqﬁﬂ9§19ﬁHQﬂﬁiQﬁAWENQ&)a tool, such as a bite having a
predeterm ned size, to cut the polishing |layer nechanically, a nmethod of
causing:ﬂ?gﬂ}bsin to flowin a nold having a predeterm ned surface shape,
and curing the resin to formthe structure, a nmethod of pressing a resin by
use of a pressifig pllatie FaidHEe Prreddterdhiied Surfade 1dg@ tid'F ifin t he
structure, a nethod of using photolithography to formthe structure, a

met hod ofexEimge &Lp2 inetliimd imst Apdaratgs fused fhed Sthocufer rFRHECHEE hod of
using a |laser ray, such as a carbon di oxide gas |laser ray, to formthe
structurea JOB6]|substraterhe polishing pad of the present invention may be
a pad wherein a cushion sheet is bonded onto a non-polishing surface 10
side of a poli ghing 4 ayera difsgh shoabsty at edlayeronshilpamatatesth driteo t he
polishing layer, it is preferred to lamnate the polishing |ayer, the
subst r at ecdrayidrg. sapdattbemedishi ©m’skers) iand hihe mslder C (8087 ¢ si5ddeucushi on
sheet (cushion layer) is a nmenber conpensating for properties of the

pol i sBi ng(d®yRIconktheyQushi ehesheet aifscir-egrer edbsNrot el st tnm@keedoth. of

pl anarity and uniformty, which have a tradeoff relationship with each

ot her in gham caly nechanical polishing, conpatible with each 20 other. The
planarity is the followng flatness at the tinme of polishing a matter to be
pol i shed which has fine irregularities generated when a pattern is fornmed
inthe matter: the flatness of the patterned region. The uniformty is the
evenness hal r i shed. In accordance with 25
properti eMsHDo% rkf‘ohe polﬁzi@méngﬁllqg?te%}a,e Itl\ﬁ%l\gﬁgr%gri ty is inproved, and in
accordanCﬁyﬁhﬁh properties of the cushion sheet, the uniformty is

i nproved. In the polishing pad of the present invention, it is preferred to
use, ,as the cu%hion heet softer than th

h .pol.i shi . 510068
NGy RS G ERR by RS LSS S e CP I
| t f i | fabric, ; [
Dy To T et Lot e R BR H Sar a W 3 5 v

fabric into which 10 pol yyrethane is inpregnated, high-nolecul ar-weight
resin foéﬁﬁe%ﬁﬁﬂ1¥%éﬁsﬁbl%m%%%%ﬁgmﬁﬁéﬁoéﬁuiﬁ?ﬁﬁﬂ Y341 ene foam and
rubbery resins, such as butadi ene rubber and isoprene rubber; and

phot osensi®448 resins. [0069] 15The means for bonding the cushion sheet is,
for exanple, a neans of sandw ching the polishing |ayer and the cushion

| ayer between picdeeyedihaaedsable-53 dedaldpat andabhenlphesss hgtamhes,
sandwi ch. [0070] 20l n the polishing pad of the present invention, a

doubPké- siadet] deapéaray dye vimsind tdm it ers e shicley tdigrasiofedpyi ichh isatpobe bonded
to a platen. [0071] The gl ass substrate is produced through
steps of using 25 the above-nentioned polishing pad to polish the front
surface of the glass substrate, in patticular, through a rough polishing
step and a finish polishing step thereof. The nmethod and machi ne for
polishing the glass substrate are not particularly limted. For exanple, as
illustrated in Fig. 1, the polishing 5 is performed by use of a polishing
machi ne equi pped with a polishing table 2 for supporting a polishing pad 1,



10 1 is bonded onto the polishing table 2 through, for exanple, a

doubl e-sided tape to be fitted on the table 2. The polishing table 2 and
the supporter 5 are arranged in such a manner that the polishing pad 1 and
the gl ass substrate 4 supported on these nenbers 2 and 5, respectively, are
faced to each other. The 15 nenbers 2 and 5 have rotating axes 6 and 7,
respectively. In the vicinity of the supporter 5, a pressing nechanismis
| ocated for pushing the glass substrate 4 onto the polishing pad 1. The

gl ass subsitysai® ¥ progeatdisded byrashimg dHhe @inasss istilst reft ecadv ont o t he
polishing pad 1 while the polishing table 2 and the 20 supporter 5 are
rotated, radikfidtherhstipt Wi uslyr rahd heretmer e ddigw rate of the
slurry is not particularly Iimted, as well as the |l oad for the polishing,
the rotatd s duner 0f deReldishing babbeesapdnt Bgsi 0 abd of, Arwdes, of the
waf er. These are appropriately adjusted. 25[0072] Through t he

rough pold shifihsten (Qrartfiey daiss SUBSLIRHG 4 ik &dge felan of, he ol ass

substrate 4 is made into an upheaved form Furthernore, t ass substrate

is subje - a o ieni pal i shi st ' ving the
S TR e B R S e S
gl ass substrate 4 i a .substrat.e having an cell e fl.at

region t hrzérsrelg} as amgrfalocee{fslag c,pean%rla uqraergllﬁgr]? ﬁ%tge?&ea%l.e %Oer gﬁ%aess substrate
produced(g%ﬁs%. f. the pali.s iqgiqgg accordi.ng t.o the present invention is
excel | ent i'n F 1At h &8s S s, Ot he' pad i e ul®*as"'a lens, or a glass
substrate(&ﬁ{ a hard disc. EXAMPLES [0073] 15Hereinafter, the present

i nvent i onl 41 be descri bed by way of working exanpl es. However, the
present invention is not limted to these worki ng exanples. [0074] Upheaved
for m Measur i ng AEAAFEPERE TSTA T IRdStYae T eofis Giet'e* (R 8% ew 6300,
manuf actured by Zygo Corp.) is used to neasure an outer circunferenti al
regi 6R ofCARATEEE s Gk pateVerByroAJeRr ERBILAGNERENTOTDORBIE. 6Seabatt from
the edge of the glass substrate) under conditions that the |lens power is
2.5, and a héghobrilaguparereiighd. w1l Pol nes1o8-00de a2 B Be feh &P W SL mm
apart fromthe edge of the glass are nanmed points A B and C

respect i velhow-A leaudrdewdiiahd torloeghinshiegtd teheclhpoimtesk B radek )C are j oi ned
with each other is used as a standard line. A point inside the neasured
regi on whigx@1ltlhe di stance between any straight line in the thickness
direction 5 of the glass substrate and the standard |ine is maxinumis
defined as a nmeasthiengspeiyahat&htsmgoatanceanhg defpoeddasndéihe DubcHEf (nnm).
In the case of any edge-regi on upheaved form this value is positive.
[007%F 1GONMeasusemtyafe felneshbNgpRated without Asgeubhe-1sd gedh gol disher (9B
t ype doubl e-si ded polisher, manufactured by SpeedFam Co., Ltd.) is used as
a pol i shiflg@PRY alrks dor MBRIWR themalishingJaiabfed Aradused polishing
pad. Conditions for the polishing are as follows: 15Processing pressure:
100 g/ cnd Tahla Jofaldian ymelte 5 Mol uene dalc?ﬂéo%ll})d}ga@eg,ent: SHOROX A- 10
(ceria abrasive grains: manuf act ur ed by Showa Denko K. K.)

Slurry speci,fig gravity. L. 06 { 1 Xt 0f g, & he
polishinggégentf §% H&%ig%%b ;ﬁgé%gggﬁ&ﬁ%%iga afﬁgg&gﬁgégiateg% TS- 10SX,

manutact yged by Chare L, TIo I BL AR Sharses glass sl oo 25

The neth or “ca olishing rate-is as

Pol i shin te (A m.n) .= [' quant.it ] a change i j-ght of each
o as0pl S bErore i aet aPt ey sl e SO e B o o -
x "polished-gl ass-plate area [c " x."polishin riod inl")].5 x 108
foohe) ' Ty Dsdtrab! S SR LRy ihtn el st ohEh ReaG Su 6300,
manuf act ured by Zygo Cor .i is used to neasure the Ra of each of five

poi nts 10-%¥ )rhér ?%"f\&’h%}g? SR S WERNEE t BTBBEPYL PERSH Lfefa R ti ons
that the lens power is 2.5 the zoomng power is 0.5, and its bandpass
filter | $denyderso didspcasgahe T lgge VRl e (2 therd@st is defined
as the tiny undulations. [0077] 15Specific Gavity Measurenent: The
measur enEMxVily Leaige difg sesygnaddisce adiifhallis ZBEGRCNITe temhys Wrio i ed

pol yuret hane foamis cut out into the formof a strip (thickness: selected
at webl) e4horhexe8 3 ismayarsitze, 2ard 4He istatiy it et lasl ensanpl e. The
sanple is allowed to stand

ness at an edge

10



20 still in an environment having a tenperature of 23C 2C, and a humdity
of 50 5% for 16 hours. The neasurenent is nmade by use of a gravineter
(manuf actured by Sartorius AG. In this way, the specific gravity is
measured. [0078] 25Asker C hardness val ue (60-second value) after inmmersion
for 24 hours: A nmeasurenent thereof is made in accordance with JI'S
K-7312. A produced pol yurethane foamis cut into pieces having a size of 5
cmx 5 cm and the cut pieces are used as sanples. 5 The sanples are

i mrer sed din st einfe 22n20 temeratdintg; ] and dinenpdakertQutandlhe sanpl es
are neasured in an environnment having a tenperature of 22 2C, and a

hum di ty @ﬁlg@%ll@@ﬂébc%@%a%@swm%t 1} 1By $ORBx ffe tdiE SRR R Al e put
onto each other into a thi ckness of 10mornore. A hardness meter (Asker 10 C

har dness f1ej-er; SRIUHAGLMRC ihQbUNShiy Seitki, Gsopdithne P essing surface

hei ght : 3m1) is used, and the pressing surface i's brought into contact

therew thy; Afd anﬁaocese%%dﬁaz{; %}qs &Pﬁ@&‘}aﬁé@@ h%%@%saagsb@%%ﬁed

[0079] 15Tensile stor'age no dynamc vi scoel asticity
msasur5| ngalq) & (Q{E/QB%alnarpl%q{ % ucr‘;d gy et t I%eﬁr @do | nt er nati onal

Inc.) is use t 0 make a mneasurenen tions Tor t e measurenent are as
foI I ows. focH:j' quency: 1.6 Hz Terrperature raising rate: 2.0C mn Measuring
tenperature range: 0 to 90C Sample form 19.5 mn(hei ght) x 3.0 mm
(wdth) x 1.0 .t hick 0080 qI%w ri albs | Vi d%al raw
material s used Sad 019 d%fv’éf M SACt | I‘R%a en- @6’ﬁ”t er? “Ag“E6hpounds

Pol yt et ranet hyl ene et her col, "PTM3L000", 5 manufactured by M.t subi shi
Cheni cal a“aftl?nEP’i‘%ﬁH}g é?oﬂ? ﬂﬁ%%FlC?“asrﬂleﬂ yFné?‘acﬁ]éW%: 110
ng KOH Pol yt et ranet hyl ene et her glycol, "PTM=000", manufactured
by M tsumgts&eaekrﬂfﬁalofc&r%h%e%rﬂﬂﬁwar@r% Hrhsaryme Ehane hydr oxyl
grouE val ue: 56 ng KOH / 10Pol yt et ranmet hyl ene et her glycol, "PTM33000",
manut 8ct WHdd a5y aatsubi e ddimigsmod et idmdiergtowes iiiber : 2, and
hydr oxyl group value: 37 ng KOH / ¢ Pol ycapr ol act one pol yol,

" PLACCEL QiGN qyRORZEON) ", manufactured by Daicel Chemical Industries, Ltd.;
functional 15 group nunber: 2, and hydroxyl group value: 110 ng KOH / ¢

Pol ycapr dl@t3dne pol yol, "PLACCEL 220 (PCL220)", manufactured by Dai cel
Chem cal Industries, Ltd.; functional group nunmber: 2, and hydroxyl group
val ue: 56 ng KOHe/ agtPokybgprobantonetpahyaly, cSRbAGCE: i305<6PEBLBOSHY , 20
manuf actured by Dai cel Chem cal Industries, Ltd.; functional group nunber:
3, and hydrtaxyd-hgrdnseyarad degi t 2306 i b dur®l used orRriopiane ioxi de adduct
of glycerin, "T400", manufactured by Mtsui Chemcals, Inc.; functional

gr oups NURRIhin i3ueaid Nl O IpdalR trRlks: 405 nags KOH / g 25Propyl ene oxi de
adduct of trinethyl ol propane, "EXCENCL 400MP", manufacturedbyAsahi d ass

Co., Ltd.pidinehicnala 9nRuRy Hﬂl@s‘@q§013,aap&my&1@aﬁyiaﬁw@pgrv@ yHL0 My KOH
/g 1, 4- But anedi ol BD), manufactured by Nacal ai Tesque Inc.

functiong %er%l%le%r —m?elg%{’cd A e QHLO‘%P MAYE: e>5c3er§j"e7r g KOH / q

D et hyl ene gl ycol (DEG, manufactured by Nacal ai Tesque Inc.; functional
group nu ~412, and hydroxyl group value: 1,057 mg KOH/ ¢
Propyl ene egcoI (PG, manufactured by Nacal ai Tesque 10 Inc.; functional

group number: ﬁ%ﬂe@¥9§9%%£ éﬁyﬁo éH arl é 3§§3f%gcl

Tri met hyI ol pr opane, manu uncFl onaty group
233‘3 b PRy ) Hg Rt I %@R% K“%%ﬁ%aﬁf’% o by Asahi G ass
/ g (:_lt;jp@c}é(#nn%tl onal yge%uep er]c%rg%erglycola,ndanh droolxlyestgerrouypolvyacllue 865 ng KOH
typical example thereof being polybutylene adipate; any
polyester polycarbonate polyol, examples therecof including

polycaprolactone polyocl, and a reaction material made from a

25 polyester glycol, such as polycaprolactone, and an alkylene

11



"B8443", manuf act ur ed by Gol dschm dt GibH. 20"B8465", manufactured by
ol dschm dt GnbH.  "L-5340", nmanufactured by Dow Corning Toray Co., Ltd.

(iii) Isocyanate conponents Car bodi i mi de- nodi fi ed di phenyl et hane
di i socyanate (MDI), "M LLIONATE MIL", manufactured by Ni ppon Pol yuret hane
251 ndustry Co., Ltd. Pol ymeric MDI, "M LLI ONATE MR200"

manuf act ured by N ppon Pol yuret hane Industry Co., Ltd. (iv) Additives

Pol yet hyl ene gl ycol (PEGL000), nanufactured by Dai-Ilchi 5 Kogyo Seiyaku
Co., Ltd. aafmét@naéngrwp{éw@erpo c@sh il aly ar oue vaRldugsy 110 mg KOH
/g Di et hyl ene gl yco nDnoethy et her (EtCDEGD manuf act ur.ed

byNacal ai cgﬁﬂ% et lerleURE EhORAL e HOWRABUNREFL alpoahHyAYdE Qo 0uUp
val ue: 418 OH / "g 10[0081] Exanples 1 to 22, and Conparative Exanples 1

to 22 and rf%%ﬂ ¥y dLo9RA- EQQ&R%@&%W%xt%rEO%‘ PG, 298Nt and an
additive were charged into a container to give blend proportions in the

upper ol lms oL 10ng; 0f 1aR) £5c bdity 4o 636N A0 o MUIDEE 8y L e el e

represents the number of parts by melg of “one o erials when

the t ot al, ATRUAL0f e Aok ive- hydegsnpconLannl pg) GURRHDYS aﬂrﬁ%oegearded as

100 parts rrlng vanes wer e "use

conponent s or rotation nu er o nlfor about

i nutes (3] ake faﬁs%é@%ﬁ?s 7t RISy e b FRF S pa gl 1¥ocyanat e
conponent he nber. represents t unber o arts py ht of the
componentPwhan: R CARBent DOF Lt RS ctt v el get c onE aPrTRG Eonpounds
is regarded as 100 parts by wejght) was_added thereto, and the reaction
syst em wasSeS &qMe F fiR Ciori‘r}?ﬁﬁﬁ%lqlb D PR LRI Jd‘fﬁl?ﬁcsﬁper sed uret hane
conposition, [0082] The prepared foam di spersed urethane conposition
was pai nt B0 o a releasing sheet that was a PET sheet 5 (manufactured by
Toyobo Co., Ltd.; thickness: 75 n) subjected to releasing treatnent to form
a foéﬁ}dlsperséﬁﬁﬂﬁ#QﬁuﬁfY@VeHOWHWQkQﬁﬂﬁ&ﬁTWﬁﬂQhﬁjHﬂkﬁ Aedlader was
covered with a substrate |ayer that was a PET sheet (manufactured by Toyobo
Co., Ltd.tringtdknesprd@sen glAasirgnryotlighwdasensed .02 nakeetdreetioiol,

f oam di spersed urethane layer into a thickness of 1.3 mm and the workpi ece
was pri nmarilgtarethratnd 0@ dorasly thmuitels, tkheraefttrer] o e Wirdkgirece was
secondly cured at 70C for 2 hours to form a pol yurethane foam (foaned

| ayer). Tandé nprigdiciiwib prdeessnd e Iiespandsotiolea onexishot By aees)si nce t he
15 acti ve-hydrogen-contai ni ng conpounds were caused to react directly with
t he i socyadiic: £ Patetie toqmPoRice trhe spompyr eeharged eaavne] 6@83h
Thereafter, the rel easing sheet was peeled. Next, a 20 slicer (manufactured
by Feeken-dtu el @) Wago usednd @ nake-ddre. pol yuret hane foaminto a
thickness of 1.0 nmm In this way, the precision of the thickness was

adj usted. (gilegeafter, a | am nator was used to bond a double-sided t ape
(Doubl e T% ape, nanufactured by Sekisui Chem cal Co., Ltd.) onto the

front 25 surfac‘ﬁaqff fé(}eosfu%y @-Jney %Qr%eg fe &p%éms% ng, Pagie The
pa

produced poli shing was use to po t he g ass substrate rougﬁ?y In a

graph sho §IEA2&£ nétst?§¥é$§§%#§@ﬁ Qv (MPa) " represents "t he

tensile storage nodu requency of 1.6 Hz"; and its
horlzont X hardness esents ker har.dn vaIue
(60- secon f%é?ﬁ%ﬁM%Q%ﬂe %@b ds$ su E%Va gemﬁéllnné?gghgﬁngéa gﬁip

hour Th rd pheaval resen an ss substrate the.edge reglon
of WP eh TS BT aVE T artsr e HEY Seghoh0) P aid the vior d
" Subsi dence” reEreseggs an¥ glass 10 substrate the edge region of which was

"in an e 61 M SU¥ Tt was fini sh-polished. TT
chIudexaI§%%7] 0z

It is allowable touse the following together: for example,
one or more low-molecular-weight polyols, such as ethylene

25 glycol, 1,2-propylene glycol, 1,3-propylene glycol,

12
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1, 2-butanediol, 1,3-butanediol, 1,4-butanediol,
2,3-butanediol, 1, 6-hexanediol, neopentylglycol,
1,4-cyclohexanedimethanol, 3-methyl-1,5-pentanediol,
diethylene glycol, and triethylene glycol; and one or more
alcoholamines, such as monoethanolamine, diethanolamine,
2-(2-aminoethylamino)ethanol, and monopropanolamine.

[0028]

The chain extender is an organic compound having at least
two active hydrogen groups. Examples of the active hydrogen
groups include hydroxyl groups, primary or secondary amino
groups, and thiol groups (SH). Specific examples of the chain
extender include 4,4’ -methylenebis(o-chloroaniline) (MOCA),
2,6-dichloro-p-phenylenediamine,

4,4" -methylenebis(2,3-dichlorocaniline),
3,5-bis(methylthio)-2,4-toluenediamine,

3,5-bis (methylthio)-2,6-toluenediamine,
3,5-diethyltoluene-2,4-diamine,

3,5-diethyltoluene~-2, 6-diamine, trimethylene
glycol-di-p-aminobenzoate, 1,2-bis(2-aminophenylthio)ethane,
4,4’ -diamino-3,3’-diethyl-5,5’ ~dimethyldiphenylmethane,

N,N’ -di-sec-butyl-4,4’-diaminodiphenylmethane,

3,3’ -diethyl-4,4’-diaminodiphenylmethane, m-xylylenediamine,
N,N’ ~di-sec-butyl-p-phenylenediamine, m-phenylenediamine,
p-xylylenediamine, and other polyamines; and the

above-mentioned low-molecular-weight polyols or

13
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low-molecular-weight polyamines. These may be used alone or
in combination of two or more thereof.
[0029]

Tt is allowable to use the following as an additive
together: for example, diethylene glycol moncethyl ether,
diethylene glycol monomethyl ether, dipropylene glycol
monoethyl ether, dipropylene glycol monomethyl ether,
2-methoxyethanol, ethylene glyccol monoethyl ether, ethylene
glycol monobutyl ether, ethylene glycol mono-t-butyl ether,
ethylene glycol monophenyl ether, diethylene glycol monobutyl
ether, triethylene glycol monobutyl ether or polyethylene
glycol mono-p-isooctylphenyl ether; any alkylene oxide adduct
of a carboxylic acid such as acetic acid, acrylic acid or
methacrylic acid, or any other monool compound; or polyethylene
glycol. -

[0030]

The polyurethane foam related to the present invention
preferably contains, as raw material components, an isocyanate
component, and active-hydrogen-containing compounds
comprising 5 to 20% by weight of a polyol compound having a
functional group number of 2 and a hydroxyl group value of 1,100
to 1,400 mg KOH / g, and 10 to 40% by weight of a polyol
compound having a functional group number of 3 and a hydroxyl
group value of 200 to 600 mgKOH. When this blend composition

is used for the raw material components to form a thermoset

14
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polyurethane foam, an edge region of a matter to be polished
can be certainly made into an upheaved form after the matter
is roughly polished.

[0031]

The ratio between the isocyanate component and the
active-hydrogen-containing compounds may be variously changed
in accordance with the molecular weight of each of these
materials, desired physical properties of the polyurethane foam,
and others. 1In order to give a foam having desired properties,
the following index is preferably from 0.80 to 1.20, more
preferably from 0.90 to 1.15: the number (NCO index) of
isocyanate groups of the isocyanate component relative to the
number of entire active hydrogen groups (hydroxyl groups + amino
groups) of the active-hydrogen-containing compounds. If the
number of the isocyanate groups is out of this range, the
resultant polyurethane tends to undergo curing insufficiency
not to gain a required specific gravity, hardness,
compressibility nor some other property.

[0032]

The polyurethane resin may be produced by a known
urethanizing technique such as melting technique or solution
technique. When cost, working environment and others are
considered, it is preferred to produce the resin by melting
technique. For the production of the polyurethane resin,

either a prepolymer method or a one-shot method may be used.

15
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[0033]

The thermoset polyurethane foam, which is a material for
forming the polishing layer, is produced by a mechanical foaming
method (examples thereof including a mechanical frothing
method) .

[0034]

Particularly preferred is a mechanical foaming method
using a silicone surfactant that is a copolymer of a
polyalkylsiloxane and a polyether. Examples of a preferred
compound as the silicone surfactant include SH-192 and L-5340
(manufactured by Dow Corning Toray silicone Co., Ltd.), and
B8443 (manufactured by Goldschmidt GmbH) and B8465
(manufactured by Goldschmidt GmbH) .

[0035]

If necessary, the following may be added (to the resin):
a stabilizer such as an antioxidant, a lubricant, a pigment,
a filler, an antistatic agent, and other additives.

[0036]

A description will be made hereinafter about examples of
a method for producing the thermoset polyurethane foam
constituting the polishing layer. This polyurethane foam
producing method has the following steps:

[0037]
(1) An isocyanate component, polyol compounds and others

are caused to react with each other to prepare an
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isocyanate-terminated prepolymer. A silicone surfactant is
added to the prepolymer to produce a first component. While
the first component is mechanically stirred in the presence of
a nonreactive gas, the nonreactive gas is dispersed thereinto
as fine bubbles to prepare a foam-dispersed liquid. To the
foam-dispersed liquid is added a second component including
active-hydrogen-containing compounds such as a
low-molecular-weight polyol and a low-molecular-weight
polyamine, and then these components are mixed with each other
to prepare a foam-dispersed urethane composition. A catalyst
may be appropriately added to the second component.

[0038]

(2) A silicone surfactant is added to at least one of a
first component including an isocyanate component (or
isocyanate-terminated prepolymer), and a second component
including active-hydrogen—-containing compounds, and then the
component to which the silicone surfactant is added 1is
mechanically stirred in the presence of a nonreactive gas to
disperse the nonreactive gas thereintoas finebubbles. Inthis
way, a foam-dispersed liquid is prepared. The remnant
component i1s added to the foam-dispersed liquid. The
components therein are mixed with each other fo prepare a
foam~-dispersed urethane composition.

[0039]

(3) A silicone surfactant is added to at least one of a

17
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first component including an isocyanate component (or
isocyanate-terminated prepolymer), and a second component
including active-hydrogen-containing compounds, and then the
first and second components are mechénically stirred in the
presence of a nonreactive gas to disperse the nonreactive gas
thereinto as fine bubbles to prepare a foam-dispersed urethane
composition.

[0040]

The foam-dispersed urethane composition may be prepared
by a mechanical frothing method. The mechanical frothing
method is a method of: putting raw material components into a
mixing chamber of a mixing head while a nonreactive gas 1is
incorporated thereinto; and mixing and stirring the components
by means of a mixer such as an Oakes mixer, thereby making the
nonreactive gas into the state of fine bubbles and further
dispersing the bubbles into the raw material mixture. The
mechanical frothing method is a preferred method since the
method makes it possible to adjust the density of the
polyurethane foam easily by the adjustment of the incorporated
amount of the nonreactive gas. Moreover, the method gives a
good production-efficiency since the method makes it possible
to shape continuously a polyurethane foam having substantially
spherical fine bubbles having an average bubble diameter of 20
to 300 um.

[0041]

18
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Thereafter, the foam-dispersed urethane composition
prepared by this method is painted onto a planar member, and
then the foam-dispersed urethane composition is cured to form
a thermoset polyurethane foam (polishing layer) directly onto
the planar member.

[0042]

The nonreactive gas used to form the fine bubbles is
preferably an incombustible gas, and specific examples thereof
include nitrogen, oxygen and carbon dioxide gases, rare gases
such as helium and argon, and any mixed gas of twé or more of
these gases. The gas from which water is removed by drying is
most preferred from the viewpoint of costs.

[06043]

As a stirring machine for making the nonreactive gas in
the form of fine bubbles, and further dispersing the bubbles,
a known stirring machine may be used without especial
restriction. Specific examples of the machine include a
homogenizer, a Dissolver, a biaxial planetary mixer, and a
mechanical frothing machine. The shape of one or more stirring
vanes of the stirring machine is not particularly limited. A
whipper-shaped stirring vane is preferred since the use thereof
gives fine bubbles.

[0044]
It is also preferred to use different stirring machines

for the stirring for preparing the foam-dispersed liquid in the
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forming step, and for the stirring for mixing the first and
second components to each other. In the mixing step, the
stirring is not required to be stirring for forming bubbles,
and the use of a stirring machine that does not generate iarge
5 bubbles is preferred. Such a stirring machine is preferably
a planetary mixer. Even when the same stirring machine is used
in the foaming step of preparing the foam-dispersed liquid and
the mixing step of mixing the individual components with each
other, no problem is caused. It is also preferred to use the
10 machine while stirring conditions are adjusted, for example,
the rotating speed of the stirring vane(s) is adjusted as the
need arises.
[06045]
In the polishing pad according to the present invention,
15 a substrate layer may be laminated on the polishing layer. When
the substrate layer is laminated on the polishing layer, the
substrate layer is not particularly limited. Examples thereof
include nylon, polypropylene, polyethylene, polyester,
polyvinyl chloride, and other plastic films; a polyurethane
20 foam, a polyethylene foam, and other high-molecular-weight
resin foams; rubbery resins such as butadiene rubber and
isoprene rubber; and photosensitive resins. It is preferred
to use, out of these examples, nylon, polypropylene,
polyethylene, polyester, polyvinyl chloride, and other plastic

25 films; and polyurethane foam, polyethylene foam, and other

20
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high-molecular-weight resin foams. The substrate layer may be
a double-sided tape, or a single-sided adhesive tape (the
single-sided adhesive layer thereof is to be bonded to a
platen) .

5 [0046]

The substrate layer preferably has a hardness equal to
or more than that of the polyurethane foam to give toughness
to the polishing pad. The thickness of the substrate layer
(when the layer is a double-sided tape or a single-sided

10 adhesive tape, the thickness of its substrate) is not
particularly limited, and is preferably from 20 to 1,000 um,
more preferably from 50 to 800 um from the viewpoint of strength
and flexibility.

[0047]

15 Examples of the means that can be adopted to paint the
foam-dispersed urethane composition onto the planar member
include gravure, kiss and comma and other roll coaters; slot,
fountain and other die coaters; a squeeze coater; a curtain
coater; and other painting means. However, the means may be

20 any means capable of forming a uniform painted f£ilm on the
substrate member.

[0048]

It is highly preferable to heat the polyurethane foam

obtained by painting the foam-dispersed urethane composition

25 onto the planar member and causing the components to react with
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each other until the composition comes not to flow, thereby
post-curing the composition since the post—-curing produces an
effect of improving the polyurethane foam in physical
properties. The post-curing is preferably performed at 40 to
70°C for 10 minutes to 24 hours, and this operation is also
preferably performed under a normal pressure since the shape
of the bubbles is stabilized.

[0049]

In the production of the polyurethane foam, a tertiary
amine catalyst, or any other known catalyst may be used for
promoting the polyurethane reaction. The kind and the addition
amount of the catalyst is selected, considering a period when
a mixture yielded after the step of mixing the individual
components with each other is flowing in order to be painted
onto the planar member.

[0050]

The polyurethane foam may be produced in a batch manner
of weighing the individual components, charging the components
into a container and then stirring the components mechanically,
orjjlacontinuousproductioﬁn@nnerofsupplyingtheindividual
components and the nonreactive gas continuously to a stirring
machine, stirring these components mechanically, feeding out
the foam-dispersed urethane composition and then shaping the
composition into a shaped product.

[06051]

22

| OT




09 ET C/ W S6'8l 18 6486 686'0 826'0 E T8 6' 38 Exanple 19
09 o0z [81 CV

In the polishing pad manufacturing method of the present
invention, it is necessary that after or while a polyurethane
foam is formed onto a planar member, the polyurethane foam is
adjusted into a uniform thickness. The method for adjusting

5 the polyurethane foam into a uniform thickness is not
particularly limited, and examples thereof include a method of
buffing the foam with a polishing member, and a method of
pressing the foam by use of a pressing plate. When the foam
is buffed, a polishing layer having, on the polyurethane foam

10 surface, no skin layer is yielded. When the foam 1is pressed,
a polishing layer having, on the polyurethane foam surface, a
skin layer is yielded. Conditions for the pressing are not
particularly limited; preferably, the temperature of the foam
is adjusted to the glass transition point or higher.

15 [0052]

The foam-dispersed urethane composition prepared in the
above-mentioned manner is painted onto a releasing sheet, and
a substrate layer is laminated onto the foam-dispersed urethane
composition. Thereafter, by curing the foam-dispersed

20 urethane composition while a pressing means i1s used to make the
composition into a uniform thickness, a polyurethane foam may
be formed. Thismethod isaparticularly preferredmethod since
the polishing layer can be controlled into a highly uniform
thickness.

25 [0053]

23
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The material for forming the releasing sheet is not
particularly limited, and examples thereof may be the same
resins and papers for the above-mentioned substrate. The
releasing sheet is preferably a sheet small in dimension change
based on heat. The surface of the releasing layer may be
subjected to releasing treatment.

[0054]

The pressing means for making, into a uniform thickness,
the sandwich sheet composed of the releasing sheet, the
foam-dispersed urethane composition (foam-dispersed urethane
layer)andthesubstratelayefisnotparticularlylimited. For
example, a coater roller, a nip roller or some other is used
to compress the sandwich sheet into a constant thickness.
Considering that after the compressing, the size of the bubbles
in the foamed layer becomes about 1.2 to 2 times larger than
that before the compressing, it is preferred at the compressing
time tomake “50 to 85% of the thickness of the cured polyurethane
foam” equal to a value of “the clearance of the coater or the
nip” - “the thickness of the substrate layer and the releasing
sheet”. Inorder toyielda polyurethane foamhaving a specific
gravity of 0.2 to 0.5, it is preferred that the foam-dispersed
urethane composition has a specific gravity of 0.24 to 1 before
passed through the roll.

[0055]

After the sandwich sheet is made into the uniform
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thickness, the polyurethane foam obtained by causing the
components concerned to react with each other until the foam
comes not to flow is heated to be post-cured. Conditions for
the post-curing are the same as described above.

{0056]

Thereafter, the releasing sheet underneath the
polyurethane foam is peeled. In this case, askinlayer isbeing
formed on the polyurethane foam. When the polyurethane foam
is formed by a mechanical foaming method as described above,
the unevenness of the bubbles is less generated in the upper
surface side of the polyurethane foam than in the lower surface
side. When the lower surface side of the thus-formed
polyurethane foam is used as a polishing surface, this polishing
surface is a surface wherein the unevenness of the bubbles is

small. Thus, the polishing pad is made better in polishing rate

ﬂstability. The skin layer may be removed by buffing the

polyurethane foam after the releasing sheet is peeled.
[0057]

The thickness of the polyurethane foam is not
particularly limited, and is preferably from 0.2 to 3 mm, more
preferably from 0.5 to 2 mm.

[0058]

The polyurethane foam produced by the above-mentioned

production method has substantially spherical bubbles. The

polyurethane foam according to the present invention may be a
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foam having continuous bubbles, or a foam having independent
bubbles.
[0059]

The average bubble diameter of the bubbles in the
polyurethane foam is from 20 to 300 um, preferably from 50 to
100 um. When the bubbles are continuous bubbles, the average
diameter of circular openings in the surfaces of the bubbles
is preferably 100 um or less, more preferably 50 pm or less.
[0060]

The specific gravity of the polyurethane foam is
preferably from 0.3 to 0.65, more preferably from 0.3 to 0.5.
If the specific gravity is less than 0.3, the polishing layer
or pad tends to be too high in porosity so as to be deteriorated
in endurance. On the other hand, if the specific gravity is
more than 0.65, it is necessary to make the raw materials into
a low crosslinkage density in order to make the polishing layer
into a predetermined elastic modulus. In this case, the
polishing pad tends to be increased in permanent strain to be
deteriorated in endurance.

[0061]

In the present invention, it is essential and important
that about the polyurethane foam, which forms the polishing
layer, the Asker C hardness value thereof is 82 or less,
preferably 75 or less as a 60-second value, the hardness value

being a value after the foam is immersed in water for 24 hours.
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If the Asker C hardness value is more than 82, an edge region
of a matter to be polished after the matter is roughly polished
cannot be made into an upheaved form.

[0062]

In the present invention, the polyurethane foam, which
forms the polishing layer, the tensile storage modulus E’ (30°C)
at a frequency of 1.6 Hz satisfies the following expression (1) :

Y < 5X - 150 (1)
wherein Y represents the tensile storage modulus E’ (MPa), and

X represents the Asker C hardness value (60-second value) after

- the foam is immersed in water for 24 hours. The value of the

15

20

25

tensile storage modulus E’ is preferably 100 MPa or less. If
about the polyurethane foam, which forms the polishing layer,
the value of the tensile storage modulus E’ (30°C) at the
frequency of 1.6 Hz does not satisfy the expression (1), an edge
region of a matter to be polished after the matter is roughly
polished cannot be made into an upheaved form.

[0063]

The shape of the polishing pad of the present invention
is not particularly limited, andmay be a long strip shape having
a length of about 5 to 10 m, or may be a round shape having a
diameter of about 50 to 150 cm.

[(0064]
The front surface of the polishing layer may have a

convexo-concave structure for hold/renewing a slurry. The
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polishing layer made of the foam has many openings at its
polishing surface to have a function of holding/renewing a
slurry, and when the convexo-concave structure is formed in the
polishing surface, the holding and renewing of a slurry can be
more effectively attained. Morecver, the structure makes it
possible to prevent a matter to be polished from being broken
by adsorption between the pad and the matter to be polished.
The form of the convexo-concave structure is not particularly
limited as far as the form holds/renews a slurry. Examples of
the convexo~-concave structure include X (stripe) grooves, XY
lattice grooves, concentric grooves, through holes, blind holes,
polygonal columns, circular columns, a spiral groove, eccentric
grooves, radial grooves, and any combination of two or more of
these grooves. These convexo-concave structures each
generally have therein regularity. However, in order to render
the structure a structure having a desired performance of
holding/renewing a slurry, the structure may be changed in
groove pith, groove width, groove depth or some other inside
individual areas thereof.

[0065]

The method for forming the convexo-concave structure is
not particularly limited, and examples thereof include a method
of using a tool, such as a bite having a predetermined size,
to cut the polishing layer mechanically, a method of causing

a resin to flow in a mold having a predetermined surface shape,
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and curing the resin to form the structure, a method of pressing
a resinbyuseof apressingplate having a predetermined surface
shape to form the structure, a method of using photolithography
to form the structure, a method of using a printing method to
5 form the structure, and a method of using a laser ray, such as
a carbon dioxide gas lasexr ray, to form the structure.
[0066]
The polishing pad of the present invention may be a pad
wherein a cushion sheet is bonded onto a non-polishing surface

10 side of a polishing layer. When a substrate layer is laminated
onto the polishing layer, it is preferred to laminate the
polishing layer, the substrate layer, and the cushion sheet in
this order.

[0067]

15 The cushion sheet (cushion layer) 1s a member
compensating for properties of the polishing layer. The
cushion sheet is required in order to make both of planarity
and uniformity, which have a tradeoff relationship with each
other in chemical mechanical polishing, compatible with each

20 other. The planarity is the following flatness at the time of
polishing a matter to be polished which has fine irregularities
generated when a pattern is formed in the matter: the flatness
of the patterned region. The uniformity is the evenness of the

whole of the matter to be polished. In accordance with

25 properties of the polishing layer, the planarity is improved,
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and in accordance with properties of the cushion sheet, the
uniformity is improved. In the polishing pad of the present
invention, it is preferred to use, as the cushion sheet, a sheet
softer than the polishing layer.

[0068]

Examples of the cushion sheet include fiber nonwoven
fabrics, such as a polyester nonwoven fabric, a nylon nonwoven
fabric, and an acrylic nonwoven fabric; resin-impregnated
nonwoven fabrics, such as a polyester nonwoven fabric into which
polyurethane is impregnated; high-molecular-weight resin
foams, such as a polyurethane foam, and a polyethylene foam;
and rubbery resins, such as butadiene rubber and isoprene
rubber; and photosensitive resins.

[0069]

The means for bonding the cushion sheet is, for example,
a means of sandwiching the polishing layer and the cushion layer
between pieces of a double-sided tape, and then pressing the
sandwich.

[0070]

In the polishing pad of the present invention, a
double-sided tape may be laid on the surface thereof which is
to be bonded to a platen.

[0071]
The glass substrate is produced through steps of using

the above-mentioned polishing pad to polish the front surface

30
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of the glass substrate, inparticular, through a rough polishing
step and a finish polishing step thereof. The method and
machine for polishing the glass substrate are not particularly
limited. For example, as illustrated in Fig. 1, the polishing
5 1is performed by use of a polishing machine equipped with a

polishing table 2 for supporting a polishing pad 1, a supporter
(polishing head) 5 for supporting a glass substrate 4, a backing
member for applying an even pressure to the wafer, and a
mechanism for supplying a polishing agent 3. The polishing pad

10 1 is bonded onto the polishing table 2 through, for example,
a double-sided tape to be fitted on the table 2. The polishing
table 2 and the supporter 5 are arranged in such a manner that
the polishing pad 1 and the glass substrate 4 supported on these
members 2 and 5, respectively, are faced to each other. The

15 members 2 and 5 have rotating axes 6 and 7, respectively. 1In
the vicinity of the supporter 5, a pressing mechanism is located
for pushing the glass substrate 4 onto the polishingpad l. The
glass substrate 4 is polished by pushing the glass substrate
4 onto the polishing pad 1 while the polishing table 2 and the

20 supporter 5 are rotated, and further supplying a slurry thereto.
The flow rate of the slurry is not particularly limited, as well
as the load for the polishing, the rotation number of the
polishing table, and the rotation number of the wafer. These
are appropriately adjusted.

25 [0072]
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Through the rough polishing step for the glass substrate
4, an edge region of the glass substrate 4 is made into an
upheaved form. Furthermore, the glass substrate is subjected
to a finish polishing step for a main purpose of improving the
substrate in surface roughness and removing scratches to
produce the glass substrate 4 into a substrate having an
excellent flatness at an edge region thereof as well as a central
region thereof. The glass substrate produced by use of the
polishing pad according to the present invention is excellent
in flatness; thus, the pad is useful as a lens, or a glass

substrate for a hard disc.

EXAMPLES
[0073]

Hereinafter, the present invention will be described by
way of working examples. However, the present invention is not
limited to these working examples.

[06074]

Upheaved form Measuring Measurement:

A noncontact profilometer (New View 6300, manufactured
by Zygo Corp.) is used to measure an outer circumferential
region of a glass substrate (region extending from 0.9 to 4.5
mm apart from the edge of the glass substrate) under conditions
that the lens power is 2.5, and the zooming power is 0.5. Points

0.9 mm, 3.5 mm and 4.5 mm apart from the edge of the glass are

32
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named points A, B and C, respectively. Anextended line through
which the points B and C are joined with each other is used as
a standard line. A point inside the measured region where the
distance between any straight line in the thickness direction
of the glass substrate and the standard line is maximum 1is

defined as a measuring point. This distance is defined as the
Dub Off (nm). In the case of any edge-region upheaved form,
this value is positive.

[0075]

Measurement of Polishing Rate:

A double-sided polisher (9B type double-sided polisher,
manufactured by SpeedFam Co., Ltd.) is used as a polishing
apparatus to measure the polishing rate of a produced polishing
pad. Conditions for the polishing are as follows:

Processing pressure: 100 g/cm2

Table rotation number: 50 rpm

Polishing agent: SHOROX A-10 (ceria abrasive grains:
manufactured by Showa Denko K.K.)

Slurry specific gravity: 1.06 to 1.09 (mixture of water
and the polishing agent)

Slurry supply rate: 4 L/min

Charged substrates: TS-10SX, manufactured by Ohara Inc.

The number of the charged glass substrates: 25

The method for calculating out the polishing rate is as

follows:
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Polishing rate (A/min) = [“quantity [g] of a change in
the weight of each glass plate before and after it is
polished”/ (“glass plate density [g/cm’]” x
“polished-glass-plate area [cm’]” x “polishing period [min]”)]
x 108
[0076]

Tiny Undulations:

A noncontact profilometer (New View 6300, manufactured
by Zygo Corp.) is used to measure the Ra of each of five points
of the front surface of a matter to be polished under conditions
that the lens power is 2.5, the zooming power is 0.5, and its
bandpass filter is set to 200 to 1,250 um. The average value
(nm) thereof is defined as the tiny undulations.

[0077]

Specific Gravity Measurement:

The measurement is made in accordance with JIS Z8807-1976.
Any produced polyurethane foam is cut out into the form of a
strip (thickness: selected at will) 4 cm x 8.5 cm in size, and
the strip is used as a sample. The sample is allowed to stand
still in an environment having a temperature of 23°C £ 2°C, and
a humidity of 50 * 5% for 16 hours. The measurement is made
by use of a gravimeter (manufactured by Sartorius AG). 1In this
way, the specific gravity is measured.
[0078]

Asker C hardness value (60-second value) after immersion
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for 24 hours:

A measurement thereof is made in accordance with JIS
K-7312. A produced polyurethane foam is cut into pieces having
a size of 5 cm x 5 cm, and the cut piéces are used as samples.
The samples are immersed in water of 22 * 2°C temperature, and
then taken out. The samples are measured in an environment
having a temperature of 22 + 2°C, and a humidity of 65 * 5%.
At the measurement time, some of the samples are put onto each
other into a thickness of 10 mm or more. A hardness meter (Asker
C hardness meter, manufactured by Kobunshi Keiki Co., Ltd.,
pressing surface height: 3 mm) is used, and the pressing surface
is brought into contact therewith. After 60 seconds from the
contact, the hardness is measured.

[0079]

Tensile storage modulus E’:

A dynamic viscoelasticity measuring device (DMAS86la,
manufactured by Mettler-Toledo International Inc.) is used to
make a measurement. Conditions for the measurement are as
follows:

Frequency: 1.6 Hz

Temperature-raising rate: 2.0°C/min

Measuring temperature range: 0 to 90°C

Sample form: 19.5 mm (height) x 3.0 mm (width) x 1.0 mm
(thickness)

[0080]
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Raw Materials:
Individual raw materials used are as follows:
(1) Active-hydrogen-containing compounds
Polytetramethylene ether glycol, “PTMG10007,
5 manufactured by Mitsubishi Chemical Corp.; functional group
number: 2, and hydroxyl group value: 110 mg KOH / g
Polytetramethylene ether glycol, “PTMG20007,
manufactured by Mitsubishi Chemical Corp.; functional group
number: 2, and hydroxyl group value: 56 mg KOH / g
10 Polytetramethylene ether glycol, “PTMG30007,
manufactured by Mitsubishi Chemical Corp.; functional group
number: 2, and hydroxyl group value: 37 mg KOH / g
Polycaprolactone polyol, “PLACCEL 210N (PCLZ210N)”,
manufactured by Daicel Chemical Industries, Ltd.; functional
15 group number: 2, and hydroxyl group value: 110 mg KOH / g
Polycaprolactone polyol, “PLACCEL 220 (PCL220}”,
manufactured by Daicel Chemical Industries, Ltd.; functional
group number: 2, and hydroxyl group value: 56 mg KOH / g
Polycaprolactone polyol, “PLACCEL 305 (PCL305)"”,
20 manufactured by Daicel Chemical Industries, Ltd.; functional
group number: 3, and hydroxyl group value: 305 mg KOH / g
Propylene oxide adduct of glycerin, “T400”, manufactured
by Mitsui Chemicals, Inc.; functional group number: 3, and
hydroxyl group value: 405 mg KOH / g

25 Propylene oxide adduct of trimethylolpropane, “EXCENOL
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400MP”, manufactured by Asahi Glass Co., Ltd.; functional group
number: 3, and hydroxyl group value: 410 mg KOH / g

1,4-Butanediol (1,4—BD),<manufacturedlanacalai Tesque
Inc.; functional group number: 2, and hydroxyl group value:
1,247 mg KOH / g

Diethylene glycol (DEG), manufactured by Nacalai Tesque
Inc.; functional group number: 2, and hydroxyl group value:
1,057 mg KOH / g

Propylene glycol (PG), manufactured by Nacalai Tesque
Inc.; functional group number: 2, and hydroxyl group value:
1,472 mg KOH / g

Trimethylolpropane, manufactured by Nacalai Tesque Inc.;
functional group number: 3, and hydroxyl group value: 1,254 mg
KOH / g

Propylene oxide adduct of trimethylolpropane, “EXCENOL
890MP”, manufactured by Asahi Glass Co., Ltd.; functional group
number: 3, and hydroxyl group value: 865 mg KOH / g

(ii) Foaming agents

“B8443”, manufactured by Goldschmidt GmbH.

“B8465”, manufactured by Goldschmidt GmbH.

“L-53407, manufactured by Dow Corning Toray Co., Ltd.

(iii) Isocyanate components

Carbodiimide-modified diphenylmethane diisocyanate
(MDI), “MILLIONATE MTL”, manufactured by Nippon Polyurethane

Industry Co., Ltd.
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Polymeric MDI, “MILLIONATE MR200”, manufactured by
Nippon Polyurethane Industry Co., Ltd.
(iv) Additives
Polyethylene glycol (PEG1000), manufactured by Dai-Ichi
5 Kogyo Seiyaku Co., Ltd.; functional group number: 2, and
hydroxyl group value: 110 mg KOH / g
Diethylene glycol monoethyl ether (ELtODEG), manufactured
by Nacalai Tesque Inc.; functional group number: 1, and hydroxyl
group value: 418 mg KOH / g
10 [0081]
Examples 1 to 22, and Comparative Examples 1 to 22
Active-hydrogen-containing compounds, a foaming agent
and an additive were charged into a container to give blend
proportions in the upper columns in one of Tables 1 to 4 (each
15 of numbers therein represents the number of parts by weight of
one of the raw materials when the total amount of the
active-hydrogen-containing compounds is regarded as 100 parts
by weight). Stirring vanes were used to stir the blended
components vigorously at a rotation number of 900 rpm for about
20 4 minutes to take bubbles into the reaction system. Thereafter,
an isocyanate component (the number represents the number of
parts by weight of the component when the total amount of the
active-hydrogen-containing compounds is regarded as 100 parts
by weight) was added thereto, and the reaction system was

25 stirred for 1 minute to prepare each foam-dispersed urethane
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composition.
[0082]

The prepared foam-dispersed urethane composition was
painted onto a releasing sheet that was a PET sheet
(manufactured by Toyobo Co., Ltd.; thickness: 75 um) subjected
to releasing treatment to form a foam-dispersed urethane layer.
The foam—-dispersed urethane layer was covered with a substrate
layer that was a PET sheet (manufactured by Toyobo Co., Ltd.,
thickness: 188 um). A nip roll was used to make the
foam-dispersed urethane layer into a thickness of 1.3 mm, and
the workpiece was primarily cured at 40°C for 30 minutes.
Thereafter, the workpiece was secondly cured at 70°C for 2 hours
to form a polyurethane foam (foamed layer). This production
process corresponds to a one-shot process since the
active-hydrogen-containing compounds were caused to react
directly with the isocyanate component to produce the
polyurethane foam.

[0083]

Thereafter, the releasing sheet was peeled. Next, a
slicer (manufactured by Fecken-Kirfel Gmbh) was used to make
the polyurethane foam into a thickness of 1.0 mm. In this way,
the precision of the thickness was adjusted. Thereafter, a
laminator was used to bond a double-sided tape (Double Tack Tape,
manufactured by Sekisui Chemical Co., Ltd.) onto the front

surface of the substrate layer to produce a polishing pad. The
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produced polishing pad was used to polish the glass substrate
roughly. In a graph shown in Fig. 2, its vertical axis “30°CE’
(MPa)” represents “the tensile storage modulus E’ (30°C) (MPa)

at a frequency of 1.6 Hz”; and its horizontal axis “wet C
5 hardness” represents the asker C hardness value (60-second
value) after the glass substrate was immersed in water for 24
hours”. The word “Upheaval” represents, any glass substrate
the edge region of which was in “an upheaved form” after the
rough polishing; and the word “Subsidence” represents any glass
10 substrate the edge region of which was “in an edge-subsidence”

after the substrate was finish-polished.
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[0088]

According to the results in Table 2, in the glass
substrate polished roughly by use of each of the polishing pads
of Examples 1 to 22, its edge region was in an “upheaved form”,

5 so that the glass substrate produced by the finish polishing
was a glass substrate having an excellent flatness at not only

a central region thereof but also an edge region thereof. By
contrast, about the glass substrate polished roughly by use of
each of the polishing pads of Comparative Examples 1 to 22, the

10 form of an edge region thereof was substantially flat. As a
result, the edge region was made into an “edge-subsidence” by

the finish polishing.

DESCRIPTION OF REFERENCE SIGNS
15 [0089]
1: polishing pad
2: polishing table
3: polishing agent (slurry)
4: matter to_be polished (glass plate)
20 5: supporter (polishing head)

6, and 7: rotating axes
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CLAIMS

1. A polishing pad having a polishing layer comprising
a thermoset polyurethane foam,

5 wherein about the thermoset polyurethane foam, the Asker
C hardness value thereof is 82 or less as a 60-second value,
the hardness value being a value after the foam is immersed in
water for 24 hours, and further the value of the tensile storage
modulus E’ (30°C) thereof at a frequency of 1.6 Hz satisfies

10 the following expression (1):
Y < 5% - 150 (1)
wherein Y represents the tensile storage modulus E’ (MPa), and
X represents the Asker C hardness value (60-second value) after
the foam is immersed in water for 24 hours.
15
2. The polishing pad according to claim 1, wherein the
thermoset polyurethane foam comprises, as raw material
components, an isocyanate component, and
active-hydrogen-containing compounds comprising 5 to 20% by
20 weight of a polyol compound having a functional group number
of 2 and a hydroxyl group value of 1,100 to 1,400 mg KOH /
g, and 10 to 40% by weight of a polyol compound having a
functional group number of 3 and a hydroxyl group value of 200
to 600 mgKOH.

25
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saoTel PPY stua5m but unB sm numAdosi [ 0088] According to the results
in Table 2, in the glass substrate polished roughly by use of each of the
pol i shing pads of Exanples 1 to 22, its edge region was in an "upheaved
form, 5 so that the glass substrate produced by the finish polishing was a
gl ass substrate having an excellent flatness at not only a central region

t hereof but al so an edge region thereof. By contrast, about the gl ass
substrate polished roughly by use of each of the polishing pads of

Conparative EX%ﬂpl%%eLp&Piggin%@Emﬂgcé9f519§tﬁﬁc@ggﬁ]Legh@Qeih%ﬂﬁﬁﬁ:“ﬁs
substantially flat. As a result, the edge region was nmade into an

» 9ge- subs) degsn e 5, L1 ot iol L ShiRo  DESCR ATI O OR REFERENGE. S| GNS

15[ 0089] ol 1shing pad 2: po Ing table 3: polishing agent
I : t i I : t
(pol | shi i HESH” 65 i Fo ot Thg idnee TeATMET Tty A S

having a polJishing |ayer.co i Si a_t hernoset pol yur.et ha f wherein
about t he‘PEt‘Jn%? rlﬁ?s]g}g 80}7%})8?%%{}1? P%aemfofaﬁlel%&%Wg%%%rlgnggggeafﬁg% er eof
is 8 or |less as a 60-second val ue, the hardness val ue being a value after
the foam?¥ ¥ $mersed in water for 24 hours, and further the value of the
tensil e storage nodulus E' (30C) thereof at a frequency of 1.6 Hz satisfies
10 the foll ow ng expression (1): Y < 5X - 150(1) wherein Y represents the
tensile storage nmodulus E (MPa), and X represents the Asker C hardness

val ue (60-secorfd VI ldftena ke 88O iPAMEPsBHAER hat Bre ¥ 24 %our s.
15 2. The polishing pad according to claim1l, wherein the thernoset
pol yur et hankud cdntbenprnsiels saoregw madelrialE’'cdapdhkntts thant Fewesamat e
conponent, and active-hydrogen-contai ni ng conpounds conprising 5 to 20% by
20 wei ghtobfl ab pdt ybé TtOdpdRmdohalesy. a functional group nunber of 2 and a
hydr oxyl group value of 1,100 to 1,400 ng KOH/ g, and 10 to 40% by wei ght
of alpol yol conpound having a functional group nunber of 3 and a hydroxyl
group value of 200 to 600 nmgKOH. 25 3. The polishing pad
according to cl®a mThe pwhedehnngbputl 4deotdengosetclpoydy evhaneifoang the
Asker C hardness value thereof, as the 60-second value, is 75 or less, the
har dness i tigo $et NGo By VA tigadd t Bsarh Niea § o & San el sedsplemater for 24 5
hours. 4. The polishing pad according Lo claim1, wherein the val ue
of the tensit£n$d@f admANes iEg 6305y akgt hsuds BguERGL tofr b62blztds 100
MPa or |ess. 10 5. The polishing pad according to claim1l, wherein
the thernpggt, pol yurethane foam has substantially spherical continuous
bubbl es haV|H6 an aver age bubbl e dianeter of 20 to 300 pm 15 6. A
methqd for producing a glass substrate, conprising the step of using the
polishing pad recited in claiml to polish a glass substrate surface.

6. A method for producing a glass substrate, comprising
the step of using the polishing pad recited in claim 1 to polish

" a glass substrate surface.
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